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This research was conducted at the Centre for Fertility Preservation, in the
Reproductive Medicine Unit of the Coimbra Hospital and University Centre,
CHUC, EPE.

Motivation
At the time this thesis was planned, during the year of 2012, the concept of oncofertility was
still relatively unknown in Portugal. Although information on the potential gonadotoxicity of
cancer treatments already existed and the concept of oncofertility as a medical field was
recognized since 2006, the subject of infertility risks related with cancer treatments was rarely
mentioned to male or female cancer patients of reproductive age by their oncologists, at the
time of diagnosis. At the stage of planning this PhD research, at the end of 2012, my
supervisor, Professor Ana Cristina Rama suggested that we approached Professor Ana Teresa
Almeida Santos, as she saw the opportunity to make a relevant contribution, through our
pharmacist’s expertise, for a very innovative, pertinent and patient-centred service that was
being developed at the Human Reproduction Service of the Coimbra Hospital and University
Centre (CHUC, EPE).

The Centre for Fertility Preservation (CFP) had been created in 2010 and was fully operational
but only about twenty female cancer patients had been consulted in the period from 2010 to
2012. The CFP already provided access to all the techniques for the preservation of female
fertility, (including the experimental technique of ovarian tissue preservation) but
appointments for consultations had been made largely by patients self-initiative or as a result
of occasional encounters, and very few upon referral by oncologists. Also, too many of those
patients were coming to the CFP after they had already initiated, or even completed, the
potential gonadotoxic cancer treatments. At that time, the risks of infertility associated with
cancer treatments, on one hand, and the availability of fertility preservation (FP) options, on
the other, were hardly known or recognized issues. The published international literature was
full of reports on the information deficits of professionals and cancer patients regarding
oncofertility issues. Moreover, a survey conducted in a sample of cancer care clinicians from
the CHUC, EPE had revealed a generalized lack of information, especially regarding the
possibility of FP in female patients. However, evidence was already growing that the issues of
fertility and parenthood after cancer were amongst the most relevant concerns of young
cancer patients and their partners, and that FP techniques could help them to successfully
overcome the gonadotoxic effects of cancer treatments. In this context it was urgent to plan
and implement initiatives to raise local and national awareness on those risks, to help cancer
care professionals and patients initiating discussions on these subjects and to disseminate
information about the possibility of cryopreserving embryos, gametes or ovarian tissue before

the potentially gonadotoxic treatments. So, when the opportunity came up to build a PhD
thesis around such an emergent and relevant issue, the challenge was immediately accepted
and the team started to delineate a draft of what could be done to give a positive contribute.
The subject was totally fitted for a PhD thesis on Pharmacology and Pharmacotherapy and to
my background as a medicine’s information specialist, as it perfectly integrated the
pharmaceutical issue of preventing, identifying and managing cancer medicines’ adverse
effects with the clinical, investigational and patient health information perspectives.

At that time point, some civil society institutions, namely the Portuguese League Against
Cancer (LPCC) and the Portuguese Society of Reproductive Medicine (SPMR), at that time
headed by Professor Carlos Freire de Oliveira and Professor Ana Teresa Almeida Santos,
respectively, were attentive to this problem and had the determination and motivation to
change the paradigm. One of the first signs for change was the establishment, in the same year
of 2012, of a patient’s centred research grant from the LPCC, in partnership with the
pharmaceutical company Celgene (Research Grant LPCC/Celgene 2012), with the clear purpose
of increasing the knowledge and health literacy of Portuguese cancer patients. This grant was
seen as an opportunity for gaining financial support for the development of a broad
information program concerning infertility risks and FP in cancer patients, and also as a chance
of benefiting from the expertise and communication influence of the LPCC, the leading nonprofit cancer patients’ organization in Portugal. Clearly, the successful application for this grant
was one of the main driving forces for the initiation, continuation and successful conclusion of
this research work.

Considering the above mentioned context, one of the investigation areas that was identified as
a priority was the need to understand the information needs and gaps in knowledge of both
Portuguese health professionals and cancer patients and subsequently, to develop an
information program to promote awareness on the subject of infertility risks and FP options,
according to those identified needs. Our main goal was to provide to every reproductive-age
patient facing a cancer diagnosis, information to support their participation in the decisionmaking process, and also to inform healthcare professionals, particularly those working in
cancer care, on this theme.
The second area of research that was identified in the course of this work was related with the
estimation of the risk of infertility in cancer patients, recognized as the first and fundamental
step in the process of decision-making concerning FP. After a thorough analysis of the research
available at that time, there was an obvious need to gather additional data in order to: 1)

clearly identify the factors that influence the risk; 2) quantify specific risks associated with
specific treatments and 3) identify the best markers and/or predictors of infertility risk. We
decided to focus our research on the population of reproductive-age female cancer patients
and, more specifically, in the group of breast cancer patients, for a number of reasons. FP
decisions in women present a higher complexity, as the available FP techniques are invasive,
present risks and some may even require a delay in cancer treatment initiation. In opposition
to what occurs in male patients, decisions concerning FP in women are multifaceted and
preference-sensitive, i.e. different options may be differently valued by distinct patients,
according to their personal values and preferences (O’Connor BMJ 1999). Additionally,
estimating a female’s fertility after cancer treatment is significantly dependent on personal
factors like the woman’s age and initial fertility. We focused on breast cancer as it is the most
common cancer in reproductive-age women and the most common diagnosis among women
referred to oncofertility programs. Additionally, the standard treatment for BC (surgery
followed by adjuvant chemotherapy) provides a window of opportunity of several weeks for
FP. We also realized that data on the impact of the various BC treatments (chemotherapy,
molecular targeted therapies and hormonal therapy) on fertility was still insufficient, both in
quantity and quality, despite the increasing survival of breast cancer in women of
reproductive-age. New treatment agents like taxanes, trastuzumab or ovarian suppression
drugs are being increasingly included in BC treatment regimens, even though traditional drugs
to fight breast cancer like cyclophosphamide or anthracyclines remain in use. Additionally,
most studies reporting effects of antineoplastic agents for breast cancer in female fertility had
been conducted using retrospective methodologies and poor surrogate markers of fertility, like
the presence or absence of amenorrhea. According to these circumstances, two parallel
studies were planned to achieve the core aims of supporting a more accurate assessment of
infertility risks and to support a quality decision-making process in the context of FP in the
female BC setting.

In the research work presented in this thesis, we have tried to overcome several of the
unsolved issues around infertility risks associated with cancer treatments. The results brought
us one step closer to give, to every cancer patient, the opportunity to be effectively and timely
informed about his/her specific risks, to get involved in the decision-making process and to
make a better use of the available FP resources. Through these achievements we have
conquered a bit more for the quality of life for those who will be, fortunately more and more,
cancer survivors.
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Abstract

Infertility is a potential adverse effect of cancer treatments and oncofertility is an emergent
multidisciplinary field that addresses cancer patients’ concerns regarding their future
reproductive ability. As the number of cancer survivors increase, shared decisions concerning
fertility preservation (FP) must take place at the time of diagnosis. This decision has to be
informed and meet patients’ preferences. However, national and international reports on FP
needs and practices reveal that many patients remain unaware of the risks and not all are
referred to FP counselling.
Breast cancer (BC) is the most common cancer in women under 40 years and future fertility is
an important issue for quality of life in survivorship. Multi-agent chemotherapy (CT) regimens
in association with targeted therapy (TT) and/or hormonal therapy (HT) are used to treat BC
but much is still to be known about the mechanisms and gonadotoxic effects of specific
regimens and treatment combinations. The identification of (in)fertility in female cancer
patients has been traditionally based on the presence or absence of amenorrhea but,
currently, the use of more specific surrogate markers of OR such as the Anti-Mullerian
Hormone (AMH) is recommended.

The aims of this work are: 1) to provide significant contributions to a shared decision-making
process concerning FP and 2) to support a more accurate assessment of infertility risk
associated with cancer treatments, with a special focus in young female patients with BC.

A comprehensive information program directed to both cancer patients and health
professionals, and involving all the relevant stakeholders in the context of cancer care, was
established. These information resources were developed through a systematic approach and
are currently available to Portuguese health professionals and cancer patients in many
Portuguese institutions of primary, cancer and reproductive healthcare. They are currently
supporting an informed and shared decision-making process in the context of FP and, by
including information on risks associated with specific cancer treatments and on the factors
that may influence that risk, they are also contributing for a more accurate infertility risk
assessment.
In parallel, the results of this information program have contributed to significant advances in
the oncofertility field that have been happening in our country in the last years, from which

the establishment of national clinical guidance concerning FP, endorsed by several Portuguese
medical societies, must be highlighted.
In order to support a more accurate assessment of infertility risks in young patients with BC,
two investigation approaches were used. The first was to carry out an innovative systematic
review and meta-analysis of published studies with the aim of confirming the existence of one
or more factors that would help to predict, in each specific BC patient, the chance of
recovering post-treatment ovarian function. The main results of this review support that
younger patients are more likely to recover menses and addition of taxanes to standard CT
regimens is negatively associated with recovery. The second approach was a prospective
observational study in young female BC patients, developed to assess the impact of modern
treatment associations combining CT with TT and/or HT agents, by measuring reliable fertility
surrogate markers, and focusing on relevant reproductive health outcomes. This research
found that many young women with BC will not recover to their age-expected levels of OR and
that some will be at risk for premature ovarian failure. AMH was confirmed to be the most
relevant OR marker in this setting. Lower age, higher AMH and exposure to trastuzumab were
associated with higher post-treatment OR and better reproductive health outcomes. In
addition, the lack of reliable markers of OR in patients exposed to some form of HT was
highlighted by the results of this study. Notably, the results from the systematic review and
from the clinical study are in accordance and support each other.

In conclusion, all the various results of this work have given important contributions both for
shared decisions concerning FP and for an easier and more accurate assessment of the risk of
infertility in each cancer patient, especially in the case of young pre-menopausal patients with
BC. The overall results of this thesis are very significant contributions to a multitude of aspects
related with oncofertility, both at national and international levels. Due to a high and
immediate applicability in clinical practice, they will support and facilitate a more conscious
journey on oncofertility.

Resumo

A infertilidade é um potencial efeito adverso dos tratamentos oncológicos e a oncofertilidade
é uma especialidade multidisciplinar emergente que aborda as preocupações dos doentes
oncológicos no que diz respeito à sua futura capacidade reprodutiva. À medida que o número
de sobreviventes de doença oncológica aumenta, é importante permitir que decisões
partilhadas sobre preservação da fertilidade aconteçam no momento do diagnóstico. Estas
decisões devem ser informadas e atender às preferências dos doentes. No entanto, estudos
nacionais e internacionais sobre as necessidades e práticas de PF revelam que muitos doentes
permanecem inconscientes dos riscos e que poucos são encaminhados para os serviços de
preservação da fertilidade disponíveis.
O cancro da mama é o tipo de cancro mais comum em mulheres até aos 40 anos e a fertilidade
futura é uma questão importante para a sua qualidade de vida na sobrevivência. Atualmente,
são utilizados regimes de quimioterapia multiagente, em associação com terapêuticas dirigidas
e/ou terapêutica hormonal mas ainda há muito a ser conhecido sobre os mecanismos e efeitos
gonadotóxicos de regimes e combinações específicas de tratamento. A identificação da
(in)fertilidade em mulheres com cancro tem sido tradicionalmente baseada na
presença/ausência de amenorreia, mas, atualmente, o uso de marcadores mais específicos e
fiáveis de reserva ovárica, como a hormona Anti-Mulleriana, é recomendado.

Os objetivos desta investigação são: 1) contribuir de forma significativa para um processo de
tomada de decisão informada e partilhada sobre a preservação da fertilidade em doentes
oncológicos; 2) apoiar uma avaliação mais precisa do risco de infertilidade associado aos
tratamentos oncológicos, com um foco especial na população de mulheres jovens com cancro
da mama.
Foi implementado um programa de informação abrangente, dirigido a doentes oncológicos e
profissionais de saúde e envolvendo todos os intervenientes relevantes no contexto da doença
oncológica. Os recursos de informação foram desenvolvidos através de uma abordagem
sistemática e estão disponíveis, para profissionais e doentes, em instituições portuguesas de
cuidados de saúde primários, oncológicos e reprodutivos. Atualmente, contribuem para
facilitar a tomada de decisões no contexto da preservação da fertilidade e para uma avaliação
mais precisa do risco de infertilidade em cada doente oncológico. Em paralelo, estes
resultados contribuíram para os avanços significativos da oncofertilidade em Portugal, dos
quais se destaca a publicação de recomendações clínicas nacionais sobre a proteção do

potencial reprodutivo no doente oncológico, em colaboração com várias sociedades médicas.
Com o objetivo de apoiar uma avaliação mais precisa do risco de infertilidade em mulheres
jovens com cancro da mama, foram utilizados dois métodos de investigação. O primeiro foi a
realização de uma revisão sistemática, com meta-análise, com o objetivo inovador de
confirmar a existência de fatores, relacionados com o doente e/ou com o tratamento, que
pudessem predizer a probabilidade de recuperação da função ovárica após exposição à
quimioterapia. Os principais resultados deste estudo mostraram que as mulheres mais jovens
têm maior probabilidade de recuperar a menstruação e que a adição de taxanos influencia
negativamente essa recuperação. O segundo método foi um estudo observacional prospetivo
em mulheres jovens com cancro da mama, que pretendeu avaliar o impacto de esquemas
modernos de tratamento, através da avaliação de marcadores intermédios de fertilidade
fiáveis e com foco em outcomes relevantes de saúde reprodutiva. Os resultados mostraram
que muitas mulheres jovens com cancro da mama não recuperam níveis de reserva ovárica
que seriam esperados para a idade e que algumas estão em risco de insuficiência ovárica
prematura. Confirmou-se a relevância da hormona Anti-Mulleriana como marcador de reserva
ovárica no contexto do cancro da mama. Verificou-se ainda que uma menor idade, maior nível
de hormona Anti-Mulleriana e exposição ao trastuzumab são fatores associados a maior
reserva ovárica pós-tratamento e a melhores resultados de saúde reprodutiva. Os resultados
deste estudo salientaram ainda a ausência de marcadores fiáveis de reserva ovárica em
doentes expostas a terapêutica hormonal. Notoriamente, os resultados das duas abordagens
são concordantes e reforçam-se mutuamente.
Em conclusão, foram produzidas contribuições muito significativas para uma variedade de
aspetos relacionados com a oncofertilidade, tanto a nível nacional como internacional. Os
resultados desta tese irão apoiar decisões partilhadas e informadas sobre preservação da
fertilidade e uma avaliação mais precisa do risco de infertilidade em cada doente oncológico,
especialmente no contexto específico de mulheres jovens com cancro da mama. Tendo em
conta a elevada e imediata aplicabilidade destes contributos à prática clínica, a jornada de
oncofertilidade será agora, e no futuro, mais apoiada e consciente.
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INTRODUCTION
1. (In)fertility in cancer patients
1.1. Reasoning
The number of cancer survivors of reproductive age has been rising in the last decades mainly
due to considerable advances in cancer diagnosis and treatment. For children with cancer, the
survival statistics have been the most impressive – about 85% of pre-pubertal cancer patients
(age 0–14 years) are likely to survive their disease (Smith, Altekruse et al. 2014). Another
relevant example is that of breast cancer, where survival rates currently range from 72 to 85%
in young female patients (Anders, Johnson et al. 2009, UK Cancer Research 2013). These
significant improvements in cancer patients survival led both patients and practitioners to
think well beyond cancer cure and focus on survival issues and future quality of life (Woodruff
2015). Therefore, addressing the late effects associated with cancer treatments including
reproductive and endocrine issues, has recently taken on a new urgency: in addition to facing
the consequences of the disease, these patients will have to address the consequences of
cancer treatments in their fertility (Schover 2005).

1.2. General concepts on male and female fertility
Human fertility is defined as the ability to produce offspring i.e. to conceive a baby
(Northwestern University 2011). The internationally accepted definition for infertility describes
it as “a disease characterized by the failure to establish a clinical pregnancy after 12 months of
regular, unprotected sexual intercourse or due to an impairment of a person's capacity to
reproduce either as an individual or with his/her partner.” (Zegers-Hochschild, Adamson et al.
2017).
The function of the male reproductive system is to produce sperm and transfer them to the
female reproductive tract. Spermatogenesis, i.e. the process by which male gametes (sperm
cells or spermatozoa) are formed in the seminiferous tubules of the testis, is a vital component
of the reproductive function. This process occurs in the seminiferous tubules that form the
bulk of each testis and begins at puberty, after which time sperm are produced constantly
throughout a man’s life. Spermatogenesis involves three distinct phases: mitotic division of the
spermatogonia (proliferation), meiotic division of the spermatocytes to produce spermatids
(meiosis), and differentiation of round spermatids to form elongated spermatids
(spermiogenesis) (Figure i.1). Germ cells remain in contact with Sertoli cells throughout
spermatogenesis. After spermatogenesis in the testis, spermatozoa are still immotile and must
3
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go through further maturation processes in the epididymis and female reproductive tract
before they are able to fertilize an egg (Northwestern University 2011).

Figure i.1 Process of spermatogenesis. Accessible in http://www.repropedia.org/spermatogenesis.

The female reproductive system functions to produce gametes and reproductive hormones,
just like the male reproductive system; however, it also has the additional task of supporting
the developing foetus and delivering it to the outside world. In women, the reproductive
potential is mainly limited by the number of available gametes, called oocytes (Knopman,
Papadopoulos et al. 2010). Oocytes are produced in the ovary, where the functional unit is the
ovarian follicle, composed of an oocyte that is surrounded by somatic cells, including granulosa
cells and theca cells (Northwestern University 2011). Each woman develops a finite pool of
follicles during foetal development, corresponding to 6-7 million by the 4th month. From these
follicles, only 300 to 400 thousand remain in the ovaries at the age of menarche. After puberty,
a cohort of follicles is recruited each month but only one will become dominant; the others
undergo atresia, accounting for a progressive decline in the number of follicles (Broekmans,
Soules et al. 2009).
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1.3. Fertility assessment in male cancer patients
After cancer treatment, endocrine dysfunction (e.g. reduction of testosterone levels) only
occurs in rare occasions, with pre-pubertal males showing greater sensitivity to high doses of
radiation (Ginsberg 2012). The manifestation of toxicity of highest concern is the prolonged
reduction in sperm count to the point of azoospermia. Damage to other aspects of sperm
function, such as loss of motility or morphological abnormalities is less pronounced (Meistrich
2009). Spermatogenesis begins at puberty and continues throughout life and semen analysis
remains the gold standard for assessing male fertility status: it can be performed at any age
after puberty and it is an easy, cost-effective, and non-invasive method of determining fertility
potential. Important aspects of a semen analysis for review include semen volume, sperm
concentration, sperm motility and morphology (The Oncofertility Consortium 2015).
1.4. Fertility assessment in female cancer patients
Ongoing pregnancy and occurrence of live birth are stated as the ideal primary outcomes in
female fertility trials (Barnhart 2014, Braakhekke, Kamphuis et al. 2014). However, using
pregnancy as a measure of fertility has obvious limitations: the need to wait until a childhood
cancer survivor has grown into an adult and has attempted to get pregnant, or the fact that
not all adult survivors attempt to get pregnant. Therefore, fertility surrogate measures are
needed to assess the effect of cancer and cancer treatments on fertility (Gosiengfiao and
Gomez-Lobo 2015). The absence of menses, known as amenorrhea, has traditionally been
used as the primary surrogate measure of infertility in cancer patients. However, this clinical
indicator is currently known to be a poor and late marker of damaged ovarian function
(Ruddy and Partridge 2012). A history of irregular menses or amenorrhea suggests a lack of
normal ovarian hormone production and anovulation. However, a woman who is amenorrheic
or presents irregular menses (oligomenorrhea) may not be ovulating but may maintain a
normal ovarian reserve (OR), i.e. the pool of primordial non-growing follicles present in the
ovaries. By opposition, women may have regular menstrual cycles for several years after
chemotherapy, but may have a lower likelihood of pregnancy occurrence during this period
and an increased risk for premature menopause due to a significant reduction in OR
(Letourneau, Ebbel et al. 2012, Bedoschi, Navarro et al. 2016).

1.4.1. Ovarian reserve markers
Although oocyte number and quality decline with age, fertility can be variable in distinct
women of similar age. At a given age, the OR is the most important female reproductive
potential indicator which, however, is difficult to measure. There is no in vivo technique for
5
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counting primordial follicles and the estimation of the OR at various chronological ages has
been made by analysing post-mortem or post-oophorectomy tissues (Kelsey, Anderson et al.
2012). To overcome this problem, a number of tests involving biochemical measures and
ovarian imaging, collectively known as OR tests, have been proposed to help in predicting OR
and/or reproductive potential (Practice Committee of the American Society for Reproductive
Medicine 2015). These markers can be organized in two different types:
•

Endocrine markers, such as serum levels of the Anti-Mullerian Hormone (AMH) and
Follicle-Stimulating Hormone (FSH), measurable by available hormonal assays;

•

Ultrasound markers that measure physical factors, such as ovarian volume (OV) and
antral follicle counts (AFC), by transvaginal sonography.

Accelerated atresia coincides with a decrease in the quantity and quality of oocytes (Knopman,
Papadopoulos et al. 2010). Besides age, other factors like smoking, stress, parity and body
mass index also contribute to follicular atresia (Bedoschi, Navarro et al. 2016). The loss of
follicles occurs continuously during reproductive years, until the end of the OR (which normally
occurs at around 50 years of age). At the time of menopause less than 1000 follicles are found
in the ovaries (Broekmans, Soules et al. 2009).
In parallel, the quality of oocytes also diminishes and this decrease in quality occurs more
significantly after the age of 30. Underlying mechanisms may involve differences between
germ cells at the time they are formed (foetal life), accumulated damage of oocytes in the
course of a woman’s life and age-related changes in the quality of the granulosa cells
surrounding oocytes (Broekmans, Soules et al. 2009).
Despite the profound changes in the number and quality of follicles during the third and fourth
decade of life, it is only when menstrual cycles become irregular that women usually first
notice the signs of the ongoing reduction in follicle numbers. Oligomenorrhea (prolonged
intervals between menstrual cycles) and amenorrhea (cessation of menses) are late markers of
ovarian ageing and infertility. Several ultrasound and endocrine markers have emerged that
may express more accurately the decline in the number of follicles i.e. the decreased ovarian
reserve.

1.4.1.1. Ultrasound markers
Ultrasound measures of OR include antral follicle count (AFC) and ovarian volume (OV). More
recently, the assessment of ovarian blood flow by measuring the resistance index (RI) and the
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pulsatility index (PI) has been proposed as an additional relevant marker of ovarian function
after chemotherapy (Ben-Aharon, Meizner et al. 2012).
•

Antral Follicle Count

The AFC describes the total number of follicles measuring 2–10 millimetres in diameter that
are observed during an early follicular phase transvaginal scan (Practice Committee of the
American Society for Reproductive Medicine 2015). An antral follicle (or Graafian follicle) has
reached the most mature ovarian follicle stage of folliculogenesis. It is characterized by its
large diameter and the presence of a liquid-filled space, known as antrum (Northwestern
University 2011). The number of antral follicles correlates with the size of the remaining
follicular pool (Hansen, Hodnett et al. 2011) and a low AFC has high specificity for predicting
low OR (Bedoschi, Navarro et al. 2016). Moreover, its measurement shows good inter-cycle
and inter-observer reliability in experienced centres. Ideally, antral follicles should be counted
between days 2 and 4 of a spontaneous menstrual cycle to avoid the effect of intra-cycle
variation (Broekmans, de Ziegler et al. 2010).
•

Ovarian volume

Ovarian volume is calculated using three ovarian diameters as follows: d1 x d2 x d3 x π/6. The
result is reported in cm3. Typically, the mean volume of the two ovaries is reported and an
ovarian volume of less than 3 cm3 per ovary predicts poor response to ovarian stimulation with
high specificity (Practice Committee of the American Society for Reproductive Medicine 2015).
However, this measure has limited clinical utility as an OR marker as low ovarian volume has it
has been reported to show low sensitivity for predicting low OR (Bedoschi, Navarro et al.
2016).

1.4.1.2. Endocrine markers
•

Follicle-Stimulating Hormone (FSH)

The ovarian function depends on gonadotropin production by the pituitary gland. FollicleStimulating Hormone (FSH) stimulates the growth of granulosa cells of growing follicles as well
as the production of oestradiol by the follicles (Bedoschi, Navarro et al. 2016). However, this
hormone has, clearly, a much lower correlation with primordial follicle counts and follicular
recruitment rates than other indirect measures of OR and shows a limited ability to diagnose
ovarian dysfunction (Nelson 2013). Nevertheless, in women with OR compromised by
chemotherapy (CT), follicular depletion correlates to an increase in FSH levels (Bedoschi,
Navarro et al. 2016). Assays for FSH measurement have, however, significant inter- and intra7
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cycle variability which limits their reliability (Practice Committee of the American Society for
Reproductive Medicine 2015). Levels of FSH that exceed 10 mIU/mL on menstrual cycle days 2
or 3 are highly specific but poorly sensitive for predicting low OR (Bedoschi, Navarro et al.
2016). Although women who have suffered significant damage to the ovaries may present
normal FSH levels, the test is still clinically useful as one can be fairly certain that women
having an abnormally elevated value will have a decreased OR (Practice Committee of the
American Society for Reproductive Medicine 2015).
Studies have shown that FSH levels were significantly higher in women presenting amenorrhea
after oncological treatment. However, FSH levels were within the normal range in women with
diminished OR but regular menstrual cycles (Jung, Shin et al. 2010, Anderson and Wallace
2013). When FSH levels are within the normal range, basal oestradiol levels may provide
additional useful information for the evaluation of OR (Practice Committee of the American
Society for Reproductive Medicine 2015).
•

Anti-Mullerian Hormone (AMH)

The Anti-Mullerian Hormone (AMH) is produced by granulosa cells from pre-antral and small
antral follicles and is involved in the regulation of primordial follicle recruitment by inhibiting
the initial follicular recruitment from the primordial to the antral pool (Peigne and Decanter
2014). AMH levels strongly correlate with the ovarian follicular pool and the AFC (Hansen,
Hodnett et al. 2011, Kelsey, Anderson et al. 2012). AMH is considered, currently, the most
reliable and accurate marker of OR (Tal and Seifer 2017). Furthermore, unlike other
reproductive hormones, AMH is detectable in girls of all ages and rises steadily through
childhood, thus being of value in the assessment of ovarian function in pre-pubertal girls
(Dewailly, Andersen et al. 2014). Serum concentrations of AMH are gonadotropin-independent
and therefore remain relatively constant within and between menstrual cycles (Bedoschi,
Navarro et al. 2016, Tal and Seifer 2017). This fact represents a clear advantage towards other
available markers when considering the frequent time constraints in the cancer setting. It is
important to note that women who smoke and those exposed to long term hormonal
contraception may present significantly reduced AMH levels (Dolleman, Verschuren et al.
2013, Dewailly, Andersen et al. 2014). There are still some technical limitations in the
assessment of AMH levels, as different assays and different procedures in sample handling can
influence AMH determinations (Nelson 2013). Low AMH threshold values have good sensitivity
and specificity for low OR although published data does not show a correlation with pregnancy
(Dillon, Sammel et al. 2013, Hamy, Porcher et al. 2016, Steiner, Pritchard et al. 2017).

8

Introduction

•

Inhibin B

Inhibin-B is a glycoproteic hormone mainly secreted during the follicular phase by granulosa
cells of pre-antral and antral follicles. It regulates the pituitary FSH secretion by negative
feedback mechanisms: as inhibin-B levels decrease with advancing reproductive age and
decreased OR, FSH levels increase (Bedoschi, Navarro et al. 2016). Although the levels of this
hormone are generally lower in women with diminished OR, inhibin B shows less correlation
with the pool of primordial follicles and serum levels vary widely during and between
menstrual cycles. Therefore, it is not considered a reliable OR marker (Practice Committee of
the American Society for Reproductive 2012, Bedoschi, Navarro et al. 2016).

2. Effects of cancer and cancer treatments on human fertility
2.1. Epidemiology
A vast amount of epidemiological data demonstrates decreased fertility in cancer survivors.
Reports from the Childhood Cancer Survivor Study (CCSS) are amongst the largest studies
(6,224 male and 5,149 female survivors) and the most recent results confirm that survivors
have a decreased likelihood of having a pregnancy versus siblings (male survivors: hazard ratio
[HR] 0.63, 95% CI 0.58-0.68; p<0·0001; female survivors: 0.87, 0.81-0.94; p<0·0001) and of
having a livebirth (male survivors: [HR] 0.63, 0.58-0.69; p<0.0001; female survivors: [HR] 0.82,
0.76-0.89; p<0.0001) (Chow, Stratton et al. 2016). Other report from the CCSS identified acute
ovarian failure in 6.3% of female survivors and premature nonsurgical menopause in 8% of
participants versus 0.8% of siblings (rate ratio = 13.21; 95% CI, 3.26 to 53.51; P < .001).
Offspring of women who received pelvic radiation doses of more than 5 Gy were more likely to
be small for gestational age but, overall, there were no differences in the proportion of
offspring with malformations, cytogenetic syndromes or single-gene defects (Green,
Kawashima et al. 2009). In another report that studied infertility rates and reproductive
interventions, CCSS female survivors had an increased risk of clinical infertility (relative risk
[RR] 1·48 [95% CI 1·23-1·78]; p<0·0001) and an increased time to pregnancy compared with
their siblings (p=0·032) (Barton, Najita et al. 2013). These results are corroborated by a
recently published meta-analysis of 45 studies that focused on the specific pregnancy
outcomes in women after BC treatment. The pregnancy rate for survivors was on average 40%
lower than the general population pregnancy rate (Gerstl, Sullivan et al. 2018). The mentioned
results from the CCSS were confirmed by another large cohort study from Norway that found a
lower pregnancy rate in cancer survivors, except for those of malignant melanoma or thyroid
cancer. The pregnancy rate was higher in male than in female survivors (hazard ratio [HR]
9
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=0.74 (95% confidence interval (CI) 0.71-0.78) and [HR] =0.61 (95% CI 0.58-0.64), respectively)
(Stensheim, Cvancarova et al. 2011). Specifically for male survivors, additional data from a
Norwegian cohort study confirms reduced paternity ([HR] =0.72) and a greater likelihood of
using assisted reproduction in survivors compared to cancer-free controls (relative Risk [RR]
=3.32) (Gunnes, Lie et al. 2016). Moreover, this latter study corroborates previous results of
non-increased adverse outcomes in the survivors’ offspring.

2.2. Effects of cancer disease
Several studies have reported that semen quality is poor in male patients with cancer,
indicating that some cancer patients have potentially decreased fertility even before starting
any cancer treatment (Agarwal and Allamaneni 2005). This effect is mediated by
immunological or cytotoxic mechanisms, not yet fully understood (Knopman, Papadopoulos et
al. 2010). Some types of cancer such as testicular cancer and Hodgkin's lymphoma lead to
lower counts of sperm, even before initiating cancer treatments. In the study by van Casteren
and colleagues (van Casteren, Boellaard et al. 2010), conducted in 764 male cancer patients
referred for semen cryopreservation prior to chemotherapy and radiotherapy, only one third
of patients had normal semen parameters prior to cancer treatment. Patients with testicular
germ-cell tumours and extra gonadal germ-cell tumours were reported as having the highest
risk for impaired semen quality and gonadal dysfunction at the time of semen
cryopreservation. These results were confirmed by a retrospective observational study by
Auger and colleagues (Auger, Sermondade et al. 2016) which identified normozoospermia in
only half of testicular cancer patients, and in 40 % or less for leukaemia and brain tumour
patients, compared to more than 93 % in healthy men. Another published study found that
even before treatment, men with Hodgkin and non-Hodgkin lymphomas had altered semen
characteristics and higher sperm aneuploidy rates than the control group (Martinez,
Walschaerts et al. 2017). Non-published data from male cancer patients consulted in the
Centre for Fertility Preservation (CFP) confirm that sperm from patients with non-Hodgkin
Lymphoma (n=17) and testicular cancer (n=114) present increased rates of azoospermia and
teratozoospermia, as compared to patients with Hodgkin Lymphoma (n=50) and other type of
cancers (n=49) (Barbosa D, Sousa AP et al. 2015). The definite mechanisms behind these
effects have not been identified but may include endocrine and nutritional alterations, and the
induction of a hypermetabolic state (Sabanegh and Ragheb 2009).
With regard to female fertility, the results of several published studies indicate that cancer has
no negative effect on ovarian function. According to a review of the literature published in
2013, no significant change were found in baseline ovarian function parameters or in ovarian
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response to stimulation, in terms of oocyte yield, in patients diagnosed with various types of
cancer as compared with control subjects (Levin and Almog 2013). Other published
retrospective study that compared OR and ovarian stimulation outcomes in patients with a
new diagnosis of BC (n=191) and patients undergoing elective fertility preservation (n=398)
concluded that a breast cancer diagnosis does not impact gonadal function (Quinn, Cakmak et
al. 2017). Similarly, an unpublished retrospective analysis of response to ovarian stimulation in
patients with a BC diagnosis (n=80) and healthy women (n=53) found no significant differences
in the number of both harvested and mature oocytes (Subtil S, Pires R et al. 2018).
2.3. Effects of cancer treatments
2.3.1. Surgery
Various types of surgical procedures involving reproductive organs may reduce fertility or
actually yield sterility.
In men with testicular cancer, surgical procedures like orchiectomy may affect fertility if the
remaining testicle does not have a normal function. Many times, fortunately, the remaining
testicle continues to produce sperm in a sufficient amount to preserve reproductive function.
In men with advanced prostate cancer it may be necessary to remove both testicles to limit
the production of testosterone and slow the growth of malignant cells. This bilateral
orchiectomy precludes men from fathering children unless they cryopreserve sperm before
the surgery. Additionally, prostate surgery to remove the prostate gland and seminal vesicles
leaves men with no semen production. During prostate surgery, nerve damage may also occur,
causing erectile dysfunction. In these cases, conception through sexual intercourse will not be
possible. The same happens after radical cystectomy to treat some bladder cancers, where the
bladder is removed along with the prostate and seminal vesicles.
A few other types of cancer surgery can damage nerves that are involved in the ejaculatory
function and, therefore, will interfere with the normal reproductive function. These include
abdominal lymphadenectomy, which may be part of the surgical procedures for testicular
cancer and some colorectal cancers (American Cancer Society 2016).
In females, surgeries like hysterectomy or oophorectomy to treat cervical or ovarian cancer
can have a significant impact in reproductive function, limiting their ability to conceive and/or
to pursue a pregnancy. In early stage ovarian or cervical cancers, it may be possible to preserve
the uterus and one of the ovaries, by using conservative surgical procedures (American Cancer
Society 2016).
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2.3.2. Radiation therapy
The testis is an exquisitely radiosensitive tissue, with even very low doses causing significant
impairment of function. Radiation to the testes (for example, to treat some types of testicular
cancer and childhood leukaemia), or to nearby pelvic areas (in seminoma, abdominal or pelvic
tumours) can affect male's fertility. Radiation at high doses kills the stem cells that produce
sperm and infertility may be irreversible (American Cancer Society 2016). With respect to
damage to Leydig cell formation and testosterone production, pre-pubertal males and adults
display different gonadal sensitivity with boys showing greater sensitivity to high doses of
radiation (Meistrich 2009). In prostate cancer, external radiation therapy often causes
permanent infertility, even if the testes are shielded. Brachytherapy effects are not so
aggressive and many men will remain fertile or recover sperm production after this treatment
(American Cancer Society 2016). Radiation directed to the brain may disrupt the pituitaryhypothalamus axis and also affects fertility by decreasing sperm production. Additionally, even
when spermatogenesis remains functional after radiation therapy, sperm cells may get
damaged by radiation so conception must be delayed for a period ranging from 6 months to 2
years after treatment is completed (Sabanegh and Ragheb 2009).
As for female patients, most women getting pelvic radiation will lose their fertility but the
damage can be reduced if the ovaries are moved further from the target area in a minor
surgery called ovarian transposition, before radiation begins. The oocyte is generally extremely
sensitive to radiation therapy. Although primordial follicles are thought to be more radioresistant than maturing follicles, even a small dose of radiation directed to the ovaries may
result in early menopause (Wo and Viswanathan 2009). Radiation directed to the abdomen or
to the vagina may also destroy ovarian follicles and affect fertility (American Cancer Society
2016). Radiation to the uterus can cause scarring, which decreases the blood flow to the
uterus limiting its normal function. Women who have had radiation to the uterus have an
increased risk of miscarriage, low birth-weight infants, and premature births which are most
likely in women who had radiation before puberty (Teh, Stern et al. 2014). Similarly to what is
observed in males, radiation directed to the brain may damage the pituitary or the
hypothalamus inducing hormonal changes and interfering with the normal regulation
mechanisms of ovulation, in women (Wo and Viswanathan 2009).
2.3.3. Conditioning regimens for stem cell or bone marrow transplant
A bone marrow or stem cell transplant usually requires high doses of chemotherapy and
sometimes radiation to the whole body before the transplant takes place. Alkylating agents
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such as busulphan, cyclophosphamide and melphalan, often in combination, remain the
mainstay of conditioning chemotherapy regimens (Gyurkocza and Sandmaier 2014).
In male patients, hypogonadism is common after hematopoietic stem cell transplant (HCT).
Impaired spermatogenesis, erectile dysfunction, low testosterone, and low libido occur in male
patients (Inamoto and Lee 2017). High-dose conditioning regimens have been associated with
azoospermia rates exceeding 90% (Joshi, Savani et al. 2014). Azoospermia occurred in 70% of
male patients conditioned with cyclophosphamide alone but 90% of them recovered
spermatogenesis. In patients conditioned with cyclophosphamide plus busulfan or thiotepa,
only 50% of patients recovered spermatogenesis and in patients conditioned with total body
irradiation (TBI) only 17% (Anserini, Chiodi et al. 2002).
In female patients, ovarian failure after HCT has been observed in 65–84% of transplant
recipients (Joshi, Savani et al. 2014). The risk of premature ovarian failure (POF) increases with
age and in the case of conditioning treatment with total body irradiation (Jadoul and Donnez
2012). Ovarian failure has occurred in more than 90% of female patients after HCT and
recovered in 92% of patients conditioned with cyclophosphamide alone, but only in 24% of
patients conditioned with cyclophosphamide and TBI (Inamoto and Lee 2017). Even where
gonadal recovery and pregnancy occur, it is important that the patient is aware that their OR
may be reduced by conditioning or pre-HCT chemo-radiotherapy and that premature
menopause remains probable (Joshi, Savani et al. 2014).
2.3.4. Molecular targeted therapies
The field of oncology has recently entered the era of molecular targeted therapies (MTT), with
the development of numerous targeted agents that inhibit various pathways responsible for
the growth and survival of cancer cells. Despite their high selectivity, these agents also affect
signal transduction in normal cells and tissues, causing a wide range of previously unknown ontarget and off-target side effects. Whereas the fertility risk of cytotoxic agents for both men
and women is well-recognized, the fertility risks and teratogenic potential associated with
molecular targeted therapies are not established. Few preclinical studies have assessed the
impact of MTT on fertility, and prospective clinical trials are not yet available (Lorenzi,
Simonelli et al. 2016). An overview of the available data concerning gonadotoxicity of several
available MTT is presented in Table i.1.
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Table i.1 Impact of the various classes of molecular targeted therapies on male and female fertility.
Adapted from: (Lorenzi, Simonelli et al. 2016, Walter, Xu et al. 2016).
Class and drugs of MTT

Effects on male fertility

Effects on female fertility

Imatinib does not impair male

Imatinib does not impair female

BCR-ABL, SCF/c-kit, and

gonadal function.

gonadal function.

PDGFR signalling

Data on nilotinib and dasatinib

Data on nilotinib and dasatinib

inhibitors

appear to show that gonadal

appear to show that gonadal

Imatinib, nilotinib, and

function is not altered; however,

function is not altered; however,

dasatinib

the number of observations is too

the number of observations is too

low for firm conclusions.

low for firm conclusions.
Preclinical findings indicate female
fertility maybe only mildly

Preclinical findings indicate male

compromised by treatment with

Angiogenesis inhibitors

fertility maybe only mildly

sunitinib.

Sunitinib, sorafenib,

compromised by treatment with

Preclinical studies with

pazopanib, bevacizumab

sunitinib.

bevacizumab have documented
inhibition of maturation of ovarian
follicles and a decrease/absence of
corpora lutea.

mTOR-Inhibitors
Everolimus

Animal models show a reversible

Animal models show a reversible

reduction of fertility parameters

reduction of fertility parameters

when treated with everolimus at

when treated with everolimus at

doses higher than those used in

doses higher than those used in

clinical setting.

clinical setting.

Pre-clinical models for EGFR TKIs,
such as erlotinib and gefitinib,
Epidermal Growth Factor
Receptor (EGFR) tyrosine
kinase inhibitors (TKIs)
Erlotinib, gefitinib,
lapatinib and afatinib

have shown a reduction in
fertility parameters, but the
effect on humans is unknown.
The only clinical study of gefitinib
on fertility parameters revealed
suppression of androgen levels in
both men and women during
treatment.
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Pre-clinical models for EGFR TKIs,
such as erlotinib and gefitinib, have
shown a reduction in fertility
parameters, but the effect on
humans is unknown. The only
clinical study of gefitinib on fertility
parameters revealed suppression of
androgen levels in both men and
women during treatment.
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Class and drugs of MTT

Effects on male fertility

Effects on female fertility

Considering the lack of preclinical

Considering the lack of preclinical

Monoclonal Antibodies

and clinical data, the effect of

and clinical data, the effect of

(mAb) vs EGFR/HER-2

trastuzumab on spermatogenesis

trastuzumab on folliculogenesis is

Trastuzumab,

is uncertain.

uncertain.

pertuzumab, t-dm1 and

No data are reported on the

No data are reported on the impact

cetuximab

impact of pertuzumab, t-dm1, or

of pertuzumab, t-dm1, or

cetuximab on human fertility.

cetuximab on human fertility.

Based on non-clinical safety
findings, crizotinib may
compromise both male and

ALK-inhibitors
Crizotinib

female fertility.

Based on non-clinical safety

Clinicians should monitor

findings, crizotinib may

testosterone levels in every man

compromise both male and female

who receives crizotinib, and

fertility.

identify those with low
testosterone for discussion of the
risks and benefits of testosterone
therapy.
PD1 – Inhibitors
Pembrolizumab

No data available

No data available

Nivolumab
Preclinical studies in monkeys
showed decreased testicular
weights, but sperm showed no
histopathological changes.
CTLA4 – Inhibitors

A significant proportion of

Ipilimumab

patients treated with ipilimumab
exhibited persistent inflammation
of the anterior hypophysis (11%),
the portion responsible for
gonadotropin production.

Preclinical studies in monkeys
showed antibody binding
specifically to ovary connective
tissue, but no histopathological
changes in ovum morphology.
A significant proportion of patients
treated with ipilimumab exhibited
persistent inflammation of the
anterior hypophysis (11%), the
portion of the pituitary responsible
for gonadotropin production.
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Class and drugs of MTT

Effects on male fertility
Dabrafenib has been shown to
induce testicular degeneration in

BRAF inhibitors
Dabrafenib
Vemurafenib

both male rats and dogs.
Preclinical drug testing of
vemurafenib in male and female
rats and dogs were performed at
doses significantly below the
anticipated clinical exposure.
Trametinib use was not

MEK inhibitors
Cobimetinib, trametinib

associated with testicular damage
in animal studies at 13 weeks
whereas cobimetinib caused
testicular degeneration.

Effects on female fertility
Dabrafenib has been shown to
reduce corpora lutea in female rats.
Preclinical drug testing of
vemurafenib in male and female
rats and dogs were performed at
doses significantly below the
anticipated clinical exposure.

Both MEK inhibitors, cobimetinib
and trametinib, have shown fertility
toxicity in animal studies for female
patients

Legend: ALK - anaplastic lymphoma kinase; BCR-ABL - gene formed when pieces of chromosomes 9 and 22 break off and trade
places; the ABL gene from chromosome 9 joins to the BCR gene on chromosome 22, to form the BCR-ABL fusion gene; BRAF –
gene that codes for the B-RAF protein; CTLA4 - Cytotoxic T-Lymphocyte Associated Protein 4; EGFR/HER-2 - Epidermal growth
factor receptor/human epidermal growth factor receptor 2; MEK - mitogen-activated protein kinase; mTOR - Mammalian target of
rapamycin; PD1 - Programmed cell death protein 1; PDGFR - Platelet-derived growth factor receptors; SCF/c-kit - stem cell
factor/stem cell factor receptor; t-dm1 - Antibody-drug Conjugate Trastuzumab Emtansine.

2.3.5. Antineoplastic agents
All substances that inhibit or prevent the proliferation of neoplasms can be called
antineoplastic agents. Mainly, these substances are cytotoxic (kill cells) or cytostatic (inhibit or
prevent the proliferation of cells) (U.S. National Library of Medicine). The commonly used term
of chemotherapy refers to the treatment of cancer with one or more antineoplastic cytotoxic
agents, which mainly target the rapidly proliferating cancer cells (Sekar and Paulmurugan
2014). In modern oncology, many treatment regimens combine several chemotherapy drugs,
the so called chemotherapy regimens or protocols, with the aim to maximize efficacy while
minimising systemic toxicity through the delivery of lower doses (Pinto, Moreira et al. 2011).
2.3.5.1. Antineoplastic agents - Mechanisms of damage
2.3.5.1.1.

Male gonadal toxicity

In males, exposure to systemic chemotherapy can cause long-term or permanent damage to
the testis, the male gonads. These organs are composed of three main cell types: germ cells
that develop into sperm, Sertoli cells that support and nurture developing germ cells and are
also the site of production of the glycoprotein hormone inhibin, and Leydig cells that are
responsible for testosterone synthesis. Germ cells that produce spermatozoa are more
16
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sensitive to chemotherapy and radiation compared to Leydig cells that secrete testosterone,
and endocrine dysfunction (e.g., testosterone reduction) only occurs in limited instances
(Meistrich 2009). Alterations in sperm count include oligospermia, (i.e. a sperm density in the
ejaculate of less than 20x106/ml) or azoospermia (no sperm in the ejaculate). Damage to other
aspects of sperm function, such as loss of motility or morphological abnormalities is less
pronounced (Meistrich 2009).
The extent and reversibility of cytotoxic damage to the testes generally depends on the agent
and cumulative dose received (Ginsberg 2012). In the process of spermatogenesis, the rapidly
dividing differentiating spermatogonia in the early stage are much more sensitive to damage
from chemotherapy than are the later stage germ cells (Figure i.2). Therefore, these later-stage
germ cells progress along their differentiation pathway but in the mid-term they are not
replaced by new cells that would have derived from the spermatogonia that were killed
(Meistrich 2013). As a consequence of these differences in cell sensitivity, declines in sperm
count may occur 1 to 2 months after exposure to antineoplastic gonadotoxic agents but
azoospermia usually does not arise until after 2 months (Meistrich, Wilson et al. 1992,
Meistrich, Wilson et al. 1997). When chemotherapy includes agents that do not kill stem
spermatogonia, there is usually a return of normal sperm count within 12 weeks after the
cessation of treatment. However, many combination antineoplastic regimens include
treatment with agents that kill stem cells (e.g., alkylating agents). Even moderate doses of
these agents, corresponding to partial stem cell killing, will produce azoospermia that may last
for several years. After taking place, azoospermia may be transient or definitive depending on
the survival of the spermatogonial stem cells, their ability to resume mitotic activity and their
capacity to differentiate (Jahnukainen, Ehmcke et al. 2011). Many patients recover to
normospermic levels although some may reach a plateau at oligospermia (Meistrich 2013).
Chemotherapy regimens do not have any marked effect on Leydig cell function, either in preor post-pubertal males (Meistrich 2009). Thus, infertility is a more common late effect of
cancer therapy for male patients than impaired pubertal development or impaired sexual
function. It is important to note that both pre-pubertal and pubertal testes are highly
vulnerable to cytotoxic agents used in cancer therapy. In boys as in adults, alkylating agents
and cisplatin are the most sterilizing agents and produce prolonged and sometimes permanent
azoospermia.
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Figure i.2 Sequence of spermatogenic cells showing the cell morphology, kinetics, relative sensitivity to
killing by anticancer agents, ability to accumulate and repair DNA damage, and sensitivity to induction of
transmissible mutations (Meistrich 2009). Reused with permission from John Wiley & Sons, Inc.

In addition, toxic effects of antineoplastic therapy to Leydig cells may rarely occur, resulting in
androgen insufficiency or need for testosterone replacement. When this dysfunction occurs
prior to or during puberty, affected individuals will experience delayed and/or arrested
pubertal maturation and lack of secondary sexual development. If the insult follows
completion of normal pubertal development, observed symptoms include loss of libido,
erectile dysfunction, decreased bone density and decreased muscle mass (Ginsberg 2012).
2.3.5.1.2.

Female gonadal toxicity

In female patients, chemotherapeutic agents induce ovarian cell damage in a variety of ways
not yet fully understood. In general, they exert their cytotoxic action by interrupting essential
cell processes and arresting cellular proliferation (Fleischer, Vollenhoven et al. 2011).
Nevertheless, other gonadotoxic effects involving a variety of pathophysiologic mechanisms
have been identified. Chemotherapy-induced ovarian damage is not an all or none
phenomenon, and depends on the woman’s age, chemotherapeutic regimen, and existing
number of primordial follicles (ovarian reserve) (Blumenfeld 2012). Also, ovarian age before
treatment and genetic variability may explain some of the variation in reproductive
impairment that is observed for a given treatment and chronologic age (Letourneau, Chan et
al. 2013).
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From what is known until now, gonadotoxicity of antineoplastic agents in ovarian function can
be caused by one or more of three mechanisms (Ben-Aharon, Meizner et al. 2012, Morgan,
Anderson et al. 2012, Codacci-Pisanelli, Del Pup et al. 2017), that will now be described.
I.

Exhaustion of the ovarian reserve through direct damage to germ cells or somatic cells

Chemotherapy-induced premature ovarian ageing appears to result from a complex process
involving both the germ and non-germ cell components of the ovary (Soleimani, Heytens et al.
2011). Ovarian follicles are composed of oocytes (germ cells) and their supporting somatic
cells. They grow and develop in a process called folliculogenesis (Figure i.3), which typically
leads to ovulation of one follicle approximately every 28 days, along with death of multiple
other follicles. The death of ovarian follicles is called atresia, and can occur at any point during
follicular development. Follicles progress from primordial to primary and then to secondary
and tertiary stages prior to ovulation—with the oocyte inside the follicle remaining as a
primary oocyte until right before ovulation. Primordial follicles have only a single flat layer of
support cells, called granulosa cells, that surround the oocyte, and they can stay in this resting
state for years—some until right before menopause (OpenStax 2013).

Figure i.3 Stages of follicle maturation. Accessible in
https://opentextbc.ca/anatomyandphysiology/chapter/27-2-anatomy-and-physiology-of-the-femalereproductive-system/.
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Oocytes and somatic cells will have different vulnerabilities to cytotoxic agents. Although
rapidly growing in developing follicles, the maturing oocytes do not divide. In opposition, the
somatic cells of such follicles have a high degree of proliferation (Morgan, Anderson et al.
2012). Some authors state that oocyte death by apoptosis is the main mechanism responsible
for the loss of germ cells and premature ovarian failure (Bedoschi, Navarro et al. 2016) while
for others it is more likely that somatic cells are the primary targets of chemotherapy drugs
due to their high degree of proliferation (Morgan, Anderson et al. 2012).
It is not clear which specific stages of follicle development are more susceptible to
chemotherapy-induced damage. Azarbaijani and colleagues found lower densities of
intermediary, primary and secondary follicles and higher densities of atretic follicles in ovarian
tissue samples from cancer patients collected after exposure to chemotherapy (Asadi
Azarbaijani, Sheikhi et al. 2015). Several studies have identified toxic effects in the primordial
follicle population and also in the pre-antral/antral follicles (Soleimani, Heytens et al. 2011,
Morgan, Anderson et al. 2012, Yuksel, Bildik et al. 2015). In the work by Yuksel, using human
and rat models, cyclophosphamide and cisplatin impacted both primordial and preantral/antral follicles whereas gemcitabine was detrimental only to pre-antral/antral follicles,
suggesting that the targeted cells depend upon the specific mechanism of action of
antineoplastic agents. The toxicity on the later stages of follicle development may explain the
short-term effects, like temporary amenorrhea and declining AMH levels (Morgan, Anderson
et al. 2012).
Concerning the specific mechanisms involved in cellular death, there is some evidence that
apoptosis may be the cause of oocyte loss following chemotherapy (Perez, Knudson et al.
1997, Morita, Perez et al. 2000). Cell death by apoptosis may be mediated by DNA damage
(Soleimani, Heytens et al. 2011) or reactive oxygen species and consequent oxidative stress
(Tsai-Turton, Luong et al. 2007, Devine, Perreault et al. 2012, Bedoschi, Navarro et al. 2016).
II.

Exhaustion of the ovarian reserve through increased follicle activation

An interesting explanation for the exhaustion of quiescent primordial follicles that are less
sensitive to the effect of chemotherapy agents has been proposed (Meirow, Biederman et al.
2010). According to the “burnout” theory, reduction of the primordial pool can arise indirectly,
via the loss of activated, growing follicles. Growing follicles produce factors, such as AMH
which regulate the rate of follicle activation: thus acute loss of the growing follicle population
is thought to result in increased recruitment of primordial follicles into the growing pool
(Morgan, Anderson et al. 2012). This theory is supported by the results of several animal
studies (Durlinger, Kramer et al. 1999, Kalich-Philosoph, Roness et al. 2013, Chang, Lim et al.
2015). The over-recruitment of primordial follicles might be due to a reduced production of
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anti-Mullerian hormone (Durlinger, Kramer et al. 1999, Durlinger, Gruijters et al. 2002, BenAharon and Shalgi 2012) or to a reduced number of LH receptors (Chang, Lim et al. 2015). The
work by Chang et al demonstrated that cisplatin acts through this mechanism in mice, i.e.
over-activating dormant primordial follicles by increasing the pool size of growing follicles
(Chang, Lim et al. 2015).
III.

Damage to the stroma or blood vessels in the ovary

The ovarian tissue is highly specialized tissue where it is possible to identify two main areas,
the outer area of the cortex and the inner area of the medulla. They both consist of stroma, a
unique type of highly vascular connective tissue that includes peculiar spindle-shaped stromal
cells arranged into a characteristic whorled texture. Ovarian follicles are interspersed in the
stroma of the ovarian cortex, while the medulla contains the larger blood vessels. Each ovarian
follicle contains a single oocyte surrounded by granulosa cells that proliferate and differentiate
into the theca cells, during follicle maturation.
Even if the most important cells in the ovary are the oocytes, these are supported and
protected by stromal cells. Ovarian stromal tissue is susceptible to chemotherapy and local
ischaemia may be a potential additional mechanism by which follicles are lost (Morgan,
Anderson et al. 2012). Several studies done in ovaries previously exposed to chemotherapy
have found evidence of stromal fibrosis (Meirow, Dor et al. 2007), impaired function of stromal
cells (Oktem and Oktay 2007), microvascular damage (Meirow, Dor et al. 2007, Soleimani,
Heytens et al. 2011). Another study also found signs of impaired ovarian blood flow and
reduced ovarian size in transvaginal ultrasound (Ben-Aharon, Meizner et al. 2012). These
effects appear not to be specific to a certain class of antineoplastic agents, as reported in the
study by Oktem & Oktay. They showed that both alkylating and non-alkylating regimens
affected ovarian stromal function in cancer patients, as quantified by oestradiol production
(Oktem and Oktay 2007).

Clinically, the damage induced in ovarian cells or stroma through these mechanisms manifests
as two distinct effects on ovarian function (Morgan, Anderson et al. 2012). The first is an
immediate, although temporary, effect and presents as amenorrhea. This clinical outcome
generally arises during treatment and results from the loss of the growing follicle population.
In the best case scenario, sufficient primordial follicles remain in the ovary and the population
of growing follicles will be replaced. In this case, menstruation will later resume. However, a
second effect may arise if a significant proportion of primordial follicles are lost. This effect
manifests as an ovarian failure and may occur shortly or several years after treatment,
depending on the remaining ovarian reserve, leading to premature ovarian insufficiency and
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premature menopause. So, even in women with temporary amenorrhea that recover menses
after treatment, one cannot exclude the possibility of a shortened reproductive window, lower
likelihood of pregnancy and risk of future infertility (Bedoschi, Navarro et al. 2016). Temporary
amenorrhea at the time of treatment was identified as an indicator of early menopause
(Partridge and Ruddy 2007). Garcia et al also found that women with regular menstrual cycles
and FSH levels within the normal range presented significantly lower levels of AMH and AFC
after exposure to chemotherapy compared to unexposed females of similar age (Gracia,
Sammel et al. 2012).
In this context, the assessment of the impact of chemotherapy on female fertility cannot be
based solely on the presence or absence of amenorrhea and markers of specific damage to the
OR must be used.
2.3.5.2. Antineoplastic agents - Effects of specific agents and classes
2.3.5.2.1.

Alkylating agents

The group of alkylating agents has in common the feature that they covalently bind to
(alkylate) the nucleic acid bases of DNA and produce cellular death unless the damage is
repaired (Colvin 2002). Their cytotoxic effects are a result of reactions with DNA, mostly by
interstrand cross-linking of DNA. They comprise several groups of chemically different agents,
namely nitrogen mustards such as cyclophosphamide, ifosfamide, melphalan, and
chlorambucil, aziridines, which are represented in current therapy by thiotepa, mitomycin C,
and diaziquone, the alkyl sulfonates like busulfan, used as a component of bone marrow
ablative regimens for bone marrow and stem cell transplantation, nitrosoureas such as
carmustine and lomustine, used in the treatment of CNS tumours, lymphomas and myeloma,
and triazenes and hydrazines, used in the treatment of Hodgkin’s disease (procarbazine,
dacarbazine),

brain

tumours

(procarbazine),

melanoma

(dacarbazine)

and

glioma

(temozolomide) (Colvin 2003).
Most alkylating agents, including chlorambucil, cyclophosphamide, procarbazine and
melphalan, are known to produce prolonged or permanent azoospermia (Loren, Mangu et al.
2013, Meistrich 2013), especially when combined with gonadotoxic radiotherapy. The effect is
dose dependent, with doses of 19 g/m2 of cyclophosphamide and 4 g/m2 of procarbazine, for
instance, needed to produce significant long-term effects (Meistrich 2009). Also, the duration
and permanence of the induced azoospermia depends on the additive effects of different
agents. The nitrosoureas (carmustine, lomustine) can also cause prolonged or permanent
azoospermia after treatment prior to puberty. Other alkylating agents like busulfan, ifosfamide
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and nitrogen mustard and also actinomycin D, commonly used in the treatment of sarcomas,
will probably also cause sustained azoospermia although they were studied only in
combination with other agents known as highly sterilizing (Meistrich 2013). Regarding
combination regimens, protocols commonly used in the treatment of Hodgkin’s lymphoma like
MOPP and BEACOPP or those for brain tumours (containing temozolomide or BCNU in
association with cranial radiation) are also proven to cause prolonged or permanent
azoospermia (Loren, Mangu et al. 2013).
In females, this widely used group of antineoplastic agents has proved to have extremely
damaging effects on the ovary (Roness, Kalich-Philosoph et al. 2014) and is responsible for an
age-adjusted odds ratio of ovarian failure of 3.98, the highest when compared with other
antineoplastic agents like platinum compounds, cytotoxic antibiotics, plant alkaloids and
antimetabolites (Meirow, Biederman et al. 2010). Due to their non-cell cycle specific
mechanism, they may affect cells that are not actively dividing, like oocytes or primordial
follicles. Destruction of follicles at all stages of development in a dose-dependent manner has
been reported in preclinical studies and in human ovarian tissue as well (Ben-Aharon, Meizner
et al. 2012, Morgan, Anderson et al. 2012).
Alkylating agents are recognized as the most gonadotoxic chemotherapy agents. Permanent
azoospermia and ovarian failure are common effects of exposure, especially in higher doses or
in regimens combining several agents or associating them with pelvic, gonadal or total body
irradiation. Accordingly, alkylating agents are the only antineoplastic agents included in the
high risk category in the risk categorization tables published by the American Society of Clinical
Oncology (ASCO) in 2013 (Loren, Mangu et al. 2013), meaning that prolonged or permanent
azoospermia is common and that over 70% of women will develop amenorrhea, upon
exposure.

2.3.5.2.2.

Antimetabolites

Antimetabolites can be defined as analogues of naturally occurring compounds that interfere
with their formation or utilization, thus inhibiting essential metabolic routes. Although the
enzymes inhibited by antimetabolites are also present in normal cells, some selectivity toward
cancer cells is possible due to their faster division rates (Avendano and Menendez 2008).
Antimetabolites can be further divided into several subclasses, including: folic acid analogues
(methotrexate), purine analogues (6-mercaptopurine, fludarabine) and pyrimidine analogues
(5-fluorouracil, capecitabine, cytarabine, gemcitabine) (WHO Collaborating Centre for Drug
Statistics Methodology 2009).
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Antimetabolites do not damage DNA and although data is limited, there are some indications
that they do not impact on fertility. In males they only cause temporary reductions in sperm
counts because most of them kill differentiating spermatogonia but do not appreciably affect
the stem cells or their subsequent differentiation. Nevertheless, the association of some
antimetabolites (e.g. cytarabine) with more gonadotoxic agents may have additive effects and
cause prolonged azoospermia (Meistrich 2013).
In female breast cancer patients, the antimetabolites methotrexate and 5-fluorouracil (5-FU) in
the CMF (cyclophosphamide, methotrexate and fluorouracil) regimen have not been
associated with an increased rate of amenorrhea (Bines, Oleske et al. 1996). Similarly, in the
study by Meirow that evaluated the occurrence of ovarian failure in 168 female cancer
patients (Meirow, Biederman et al. 2010), an age-adjusted odds-ratio inferior to 1 was found
for the group of antimetabolites.

2.3.5.2.3.
I.

Plant alkaloids

Vinca alkaloids

The Vinca alkaloids such as vincristine, vinblastine and vinorelbine, are naturally occurring or
semisynthetic nitrogenous bases extracted from the plant Catharanthus roseus. Although they
produce a wide range of biochemical effects in cells and tissues, the principal mechanisms of
cytotoxicity relate to their interactions with tubulin and disruption of microtubule function,
particularly of microtubules comprising the mitotic spindle apparatus, leading to metaphase
arrest (Colvin 2003). This effect on the mitotic apparatus accounts for the cytotoxicity of these
agents. However, other cellular functions depend on microtubular integrity as well (central
nervous system function, neuromuscular transmission) and when affected account for the
toxicity of these agents (Colvin 2002). Vincristine has a broad antitumor spectrum and is an
important component of combination chemotherapy regimens to treat lymphocytic
leukaemias, Hodgkin and non-Hodgkin lymphomas, Wilms’ tumour, neuroblastoma, and
rhabdomyosarcoma, multiple myeloma, lymphoblastic crisis of chronic myelogenous
leukaemia, sarcomas, and small-cell lung carcinoma. Vinblastine has been an integral
component of curative treatment regimens for testicular carcinoma and both Hodgkin and
non-Hodgkin lymphomas. For Hodgkin lymphoma, vinblastine is often used in combination
with doxorubicin, bleomycin, and dacarbazine (ABVD regimen). Vindesine is applied to treat
melanoma, lung cancers, and (combined with other drugs) uterine cancers. Vinorelbine has
exhibited significant antitumor activity in patients with breast cancer and lung cancer and antiproliferation effects on osteosarcoma (Colvin 2003).
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Vinca alkaloids are aneuploidy inducing, and animal studies show high levels of aneuploidy in
oocytes exposed to vinblastine (Roness, Kalich-Philosoph et al. 2014). However, no increased
risk of amenorrhea or ovarian failure was detected in patients treated with plant alkaloids
(Meirow, Biederman et al. 2010, Zhou, Yin et al. 2010). Moreover, chemotherapy regimens for
lymphoma, leukaemia, breast and lung cancer that include vincristine are classified as low risk
by ASCO, meaning they have no effect on sperm production and that less than 20% of exposed
women will develop post-treatment amenorrhea (Loren, Mangu et al. 2013). Nevertheless,
microtubule inhibitors are reported to have additive effects when combined with more
gonadotoxic agents like the alkylating drugs, causing prolonged azoospermia (Meistrich 2013).

II.

Taxanes

Although taxanes equally affect microtubules, they are substantially different from the Vinca
alkaloids in terms of their principal mechanisms of action, pharmacology, clinical indications,
and toxicology (Colvin 2003). Paclitaxel and docetaxel are among the most important
antineoplastic agents to be introduced into the clinic in the past 20 years. These agents, which
cause cell cycle arrest and apoptosis consequent to microtubule stabilization, have established
roles in the treatment of common cancers, such as breast, lung and ovary (Kruh 2005).
In pre-clinical studies, taxanes have shown to damage granulosa cells in the ovary and also to
reduce the number of primordial follicles (Codacci-Pisanelli, Del Pup et al. 2017). In males,
taxanes are identified as causing temporary reductions in sperm counts (Meistrich 2013).
However, in a clinical study in male patients of reproductive age with solid tumours that were
treated with docetaxel or paclitaxel, the authors found a significant decrease in serum inhibin
B and testicular volume and an increase in serum FSH after completion of chemotherapy,
although taxanes were combined with gemcitabine or cisplatin (Chatzidarellis, Makrilia et al.
2010).
Concerning female gonadotoxicity, the results from clinical studies are far from being
consistent and, once more, the evaluation of the specific gonadotoxicity of taxanes is difficult
due to their frequent use in combination regimens. Two published meta-analysis that used
chemotherapy-induced amenorrhea as a clinical outcome present opposing conclusions: in the
study by Zhao (Zhao, Liu et al. 2014), patients exposed to taxanes presented a significant
increased risk (OR 1.24; p=0.02) while in the work by Zavos and colleagues (Zavos and Valachis
2016), treatment with taxanes was not found to be associated with a higher risk of posttreatment amenorrhea. Two other recently published studies that prospectively assessed AMH
levels as a surrogate fertility marker, found that the addition of taxanes to an anthracyclines +
alkylating-based regimen was significantly associated with a greater AMH decrease (p=0.007)
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(Perdrix, Saint-Ghislain et al. 2017) and a lower probability of pregnancy (p=0.002) (Hamy,
Porcher et al. 2016). However, in the adjuvant paclitaxel-trastuzumab (APT) trial, where
women were exposed to a taxane-only CT regimen (weekly paclitaxel for 12 weeks), in
association with trastuzumab, amenorrhea rates were lower than expected with standard
multi-agent BC regimens (Ruddy, Guo et al. 2015).
2.3.5.2.4. Cytotoxic antibiotics and related substances
I.

Anthracyclines

Anthracyclines are antibiotics that are derived from a species of fungus and have multi-modal
mechanisms of action (Grant and Gourley 2015). They damage DNA by intercalating into and
inhibiting the DNA–topoisomerase II complex, and generate free radicals that in turn damage
cell membranes, proteins, and lipids. The prototype anthracycline is the pro-drug doxorubicin
(also named adriamycin). Other drugs in the group are daunorubicin, idarubicin, epirubicin and
the analogue mitoxantrone (Bardal, Waechter et al. 2011). Daunorubicin is important for
induction in treating acute leukaemia. Doxorubicin and epirubicin are primary therapeutic
agents in combination regimens for the treatment of lymphomas, breast cancer and other
solid tumours. Idarubicin is used in the treatment of leukaemia (Colvin 2002).
Animal studies found that doxorubicin damages oocytes, directly or through granulosa cells
injury (Morgan, Anderson et al. 2012, Codacci-Pisanelli, Del Pup et al. 2017) and may also
affect ovarian vasculature, reducing blood flow (Ben-Aharon, Meizner et al. 2012). In male
rats, testicular oxidative status of doxorubicin-treated individuals was severely compromised
(Saalu, Osinubi et al. 2010) and significant and persistent damage to the endocrine and
spermatogenic compartments of the testis was also described (Ward, Bardin et al. 1988). The
clinical evaluation of their specific effects on fertility is difficult as they are often included in
multi-agent regimens. Furthermore, the most common chemotherapy regimens for breast
cancer (FEC, FAC, AC or TAC) and for non-Hodgkin lymphoma (CHOP, R-CHOP) also include the
alkylating agent cyclophosphamide, recognized as one of the most gonadotoxic. In males,
anthracyclines are reported to have additive effects with other antineoplastic agents causing
prolonged azoospermia (Meistrich 2013). However, a retrospective clinical study found similar
rates of parenthood in male and female lymphoma patients after treatment with CHOP,
CHOEP or dose-dense CHOP-like regimens compared to the general population (Meissner,
Tichy et al. 2014). Nonetheless, a succeeding analysis in the female group of survivors found a
significant decrease in the age at menopause and low AMH levels in female survivors of nonHodgkin lymphoma who had received CHOP or CHOEP (Meissner, Tichy et al. 2015). Other
protocols for lymphoma, like ABVD are considered of low risk i.e. they are not expected to
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affect sperm production and cause amenorrhea in less than 20% of exposed female patients
(Loren, Mangu et al. 2013). The risk of chemotherapy-induced amenorrhea for breast cancer
regimens including anthracyclines, like FEC, FAC or AC, is low or moderate, depending on their
association with alkylating agents or the woman’s age (Loren, Mangu et al. 2013, Zavos and
Valachis 2016).

II.

Bleomycin

Bleomycin is an antibiotic complex produced by fermentation from Streptomyces verticillus. It
causes single- and double-strand DNA breaks through the formation of an intermediate iron
complex. DNA synthesis, and to a lesser degree, RNA and protein synthesis are inhibited.
Bleomycin is cell cycle phase-specific. This agent is used in combination with other drugs for
treating many different types of cancer, such as Hodgkin's disease, lymphomas, head and neck
cancers, or testicular cancer (Cancer Care Ontario-Medication Information Sheets Working
Group 2012). There are no preclinical data on bleomycin’s effects on fertility. As a single agent,
bleomycin does not have a significant effect in male germ cells (Meistrich 2013). For
combination regimens, the risk classification is dependent on the type of regimen where it is
included. After treatment with the BEP protocol used for testicular cancer, permanent
azoospermia is not common but may occur (Loren, Mangu et al. 2013). In the treatment of
male or female’s Hodgkin’s lymphoma, the ABVD regimen is classified as low risk but BEACOPP
is a higher risk regimen, especially in higher doses (more than 6 cycles) and older women (over
30 years) (Loren, Mangu et al. 2013), possibly due to combination with the alkylating agents
procarbazine and cyclophosphamide.

2.3.5.2.5. Other antineoplastic agents
I.

Platinum-based compounds

Platinum compounds (e.g., carboplatin, cisplatin, oxaliplatin) have been central to the practice
of oncology for the last 40 years. They covalently bind to DNA causing intra-strand and interstrand DNA adducts, restricting DNA replication and transcription and causing cell cycle arrest
and programmed cell death (Morgan, Anderson et al. 2012). There also appears to be an effect
on the intrinsic mitochondrial pathway and a component of endoplasmic reticulum stress
which can both result in apoptosis (Grant and Gourley 2015). Cisplatin is an important
chemotherapeutic agent for testicular cancer, including advanced forms of the disease. This
agent is also effective in the treatment of ovarian, head and neck, and bladder cancers (Colvin
2002). Its analogue carboplatin is an equally effective agent, except for the treatment of germ
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cell tumours. The platinum compound Oxaliplatin is particularly effective in the treatment of
colorectal cancer, for which neither cisplatin nor carboplatin are beneficial (Chabner and Longo
2011).
In male patients, cisplatin may cause prolonged or permanent azoospermia in a minimum dose
of 400-500 mg/m2, especially when combined with gonadotoxic radiotherapy (Loren, Mangu et
al. 2013, Meistrich 2013). In the ovary, cisplatin appears to act by targeting directly the oocyte
(Morgan, Anderson et al. 2012) and platinum based compounds are classified as intermediate
risk regarding effects on female fertility (Loren, Mangu et al. 2013, Roness, Kalich-Philosoph et
al. 2014, Bedoschi, Navarro et al. 2016). Clinical data is, however, very limited and evidence
has been published only with regard to cisplatin, showing mild to moderate rates of
amenorrhea following cisplatin-based treatments (Ben-Aharon and Shalgi 2012).

2.3.6. Hormonal therapy
2.3.6.1. Tamoxifen
Tamoxifen is a selective oestrogen receptor modulator that binds to oestrogen receptors and
inhibits their action on breast tissue. It is the first-line agent for premenopausal women
diagnosed with early hormone-sensitive breast cancer, as it has been shown to significantly
improve survival when taken daily for 5 to 10 years (Senkus, Kyriakides et al. 2015). Still, it
remains unclear how tamoxifen influences ovarian toxicity (Torino, Barnabei et al. 2014).
Tamoxifen is a known teratogen and women are strongly advised not to conceive during and
until 2 months after treatment. Studies in rodent models have shown conflicting results
regarding the effect of tamoxifen on ovarian reserve (Shandley, Spencer et al. 2017). Likewise
clinical studies do not report consistent effects. In large prospective trials, the use of this drug
has been significantly associated with an increased rate and/or duration of amenorrhea
(Torino, Barnabei et al. 2014). Therefore, the presence of amenorrhea is an insufficient
parameter to define menopausal status in patients receiving tamoxifen (Berliere, Duhoux et al.
2013). In a large cohort of breast cancer patients (Shandley, Spencer et al. 2017), patients
exposed to tamoxifen were less likely to have a child but there was no evidence of decreased
ovarian reserve. Moreover, no association of exposure to tamoxifen alone to an earlier age
onset of menopause was found in a retrospective cohort (Chien, Duralde et al. 2015). Other
large prospective studies (Su, Haunschild et al. 2014, Dezellus, Barriere et al. 2017, Trapp,
Steidl et al. 2017) and a retrospective study in very young BC patients (Perdrix, Saint-Ghislain
et al. 2017) have found no association of tamoxifen exposure with serum AMH levels
measured 2-3 years post-treatment or timing of menses recovery. Contradictory evidence
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comes from the work by Partridge (Partridge, Ruddy et al. 2010) who reported that breast
cancer survivors using tamoxifen had lower AMH and AFC compared with survivors who were
not using tamoxifen. However, no differences were found in the FSH levels and the small
sample size precluded formal analysis.

2.3.6.2. Aromatase inhibitors (AI)
Aromatase inhibitors (AIs) block the enzyme that converts androgens to oestrogens. In
premenopausal women, AI's as monotherapy are ineffective due to ongoing ovarian oestrogen
production and are contra-indicated due to the suppression of peripheral aromatase that
results in negative feedback to the hypothalamus which increases the secretion of GnRH and
consequently stimulates ovarian function (Smyth and Hudis 2015).
For high-risk patients, which can be defined as those aged <35 or those with sufficient risk to
warrant treatment with chemotherapy and who remain premenopausal following treatment,
AI plus ovarian suppression (OS) is associated with a significant improvement in disease free
survival over tamoxifen plus OS or tamoxifen alone (Early Breast Cancer Trialists' Collaborative
Group 2015). So, the use of AIs in coordination with OS is a new adjuvant treatment option for
premenopausal women with hormone-receptor-positive breast cancer and reduces the risk of
recurrence (Burstein, Lacchetti et al. 2016).
The effects of AI in ovarian function have not been specifically assessed but several studies
raise concerns about their use in post-treatment amenorrheic women due to reports of
ovarian function recovery in patients with up to 50 years of age (Guerrero, Gavila et al. 2013,
Henry, Xia et al. 2013, Krekow, Hellerstedt et al. 2016). In view of these results, it is not
expected that treatment with AI would negatively affect ovarian function in breast cancer
patients.

2.3.6.3. Gonadotropin-releasing hormone (GnRH) agonists
GnRH agonists act by downregulating pituitary GnRH receptors, thereby suppressing the
release of luteinising hormone (LH) and follicle-stimulating hormone (FSH), which in turn
reduce the main source of oestradiol production in the ovaries.
Treatment with GnRH agonists during chemotherapy has been proposed as a non-invasive,
pharmacologic fertility protection method but this remains a much debated issue (Oktay and
Bedoschi 2016, Oktay and Turan 2016, Donnez and Dolmans 2017, Taylan and Oktay 2017, von
Wolff and Stute 2017). Although amenorrhea occurs in all patients treated with GnRH agonists,
their effects in the ovarian reserve are far from being conclusive. As primordial follicles do not
express FSH, LH, or GnRH receptors, many authors sustain that GnRH agonists could have no
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direct effect on ovarian reserve (Oktay and Bedoschi 2016, Taylan and Oktay 2017). However,
in the few available studies assessing this influence, changes in the levels of AMH are reported.
In the study by Su et al, AMH levels increased up to 30% in healthy women after a single GnRH
agonist administration. These changes in AMH occurred independently of gonadotropin levels
and the authors hypothesize for a direct effect of GnRH agonists on granulosa cell expression
of AMH or an indirect effect on the development and/or dynamics of the follicle pool (Su,
Maas et al. 2013). On the contrary, other authors found a suppressive effect of GnRH agonist
treatment in the levels of AMH of girls with precocious puberty, an effect that however
reversed 6-12 months after treatment discontinuation (Hagen, Sorensen et al. 2012, Nam, Kim
et al. 2017). Once again, the changes in the AMH levels did not correlate with changes in the
gonadotropin or E2 levels during or after treatment (Nam, Kim et al. 2017). Only a few clinical
studies have independently assessed the effects of exposure to GnRH agonists on measures of
OR. In a prospective study published in 2006 (Anderson, Themmen et al. 2006, a group of nine
premenopausal BC women were treated with goserelin for at least 1 year, almost always in
combination with tamoxifen. The authors found that AMH levels declined in all women during
treatment and until 12 months posttreatment but were only significantly different from pretreatment levels at 6 months after treatment. On the contrary, no significant changes in either
AFC or ovarian volume were found in the gonadotrophin suppression group (Anderson,
Themmen et al. 2006). In a more recent work by Trapp and colleagues exposure to combined
endocrine treatment (tamoxifen and OS by GnRH agonist) also resulted in significantly lower
AMH levels two years after the end of chemotherapy, when compared to women without
endocrine treatment. Importantly, patients that were treated with tamoxifen-only endocrine
therapy had the same AMH-levels as patients who were not (Trapp, Steidl et al. 2017).
In males, therapy with GnRH agonists may be used to suppress the hypothalamic-pituitarygonadal axis during chemotherapy in an attempt to protect the germinal epithelium. Some
animal studies have suggested efficacy for this technique. However, only one of eight clinical
trials was able to demonstrate protection or restoration of spermatogenesis after cytotoxic
therapy (Meistrich and Shetty 2008).

2.3.6.4. Androgen suppression therapy
Androgen suppression therapies are mostly used in the context of palliative therapies in
prostate cancer, which affects mainly older men. Nevertheless, there is a generally younger
subpopulation in which hormone therapy can be used with curative intent, as an adjuvant
treatment of prostatic radiotherapy. In these patients, this chemical castration almost
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inevitably leads to azoospermia, which may become relevant if the patient has future
parenting projects (Tran, Boissier et al. 2015, Almeida-Santos, Sousa et al. 2016).

2.4.

Estimating the risk of infertility

In order to estimate the infertility risk in each cancer patient, several variables have to be
taken into account, including patient, disease and treatment-related factors.
In males, the more important factors are treatment-related, although some cancer diseases
their self are a cause of diminished sperm counts, as mentioned before. The type and dose of
chemotherapy agent(s) is determinant for the occurrence of oligo or azoospermia and for the
extent of effects (temporary or permanent) (Sabanegh and Ragheb 2009). In what concerns
the effects of cancer treatments (radiotherapy and chemotherapy) in male germ cells,
sensitivity is similar in pre-pubertal and adult patients. However, the toxic effects of radiation
therapy in Leydig cells, and consequently on testosterone production, may be more
pronounced in pre-pubertal boys (Meistrich 2009).
In women, age is of paramount importance due to the natural decay in the primordial follicle
reserve and consequent decline in fertility, normally expected for the mid-30s (Kelsey,
Anderson et al. 2012). Accordingly, older age is recognized as one of the most relevant factors
for the occurrence of reduced ovarian function after cancer treatment (Overbeek, van den
Berg et al. 2017). Nevertheless, this fertility decline associated with age displays a high interindividual variability, due to the variability in the number of growing follicles within groups of
women of similar age (La Marca, Grisendi et al. 2013). Like in males, infertility risk in female
cancer patients is dependent on the intrinsic gonadotoxicity of each antineoplastic
agent/chemotherapy regimen, their cumulative doses and treatment duration and/or the field
and dose of radiation therapy. The estimation of risk is further complicated by the fact that
multi-agent regimens are frequently administered, on one hand, and by the absence of data
regarding male and/or female gonadotoxicity of the modern cancer treatment agents, on the
other. In summary, estimating the risk of infertility in cancer patients can be a quite complex
task, due to the multiplicity of disease, patient and treatment variables to consider, a high of
inter-individual variability and high level of risk uncertainty for many multi-agent regimens. For
instance, in the treatment of early BC, which is the most common type of female cancer and
the leading cause of cancer-related deaths in young women (Ribnikar, Ribeiro et al. 2015),
current clinical guidelines recommend a multitude of chemotherapy regimens combining
anthracyclines, cyclophosphamide and/or taxanes in a variety of ways, complemented with
hormonal therapy (tamoxifen, AI and/or GnRH agonist) in patients with hormone-responsive
31

Introduction

tumours and/or targeted therapies (e.g. trastuzumab or pertuzumab) for those with Her2positive tumours (Senkus, Kyriakides et al. 2015).

2.4.1. Tools for risk estimation
The American Society of Clinical Oncology includes, in the 2013 update of their guidelines on
fertility preservation in cancer patients, a series of tables that categorize infertility risks of
cancer treatments (Loren, Mangu et al. 2013). This categorization is made according to the risk
of inducing post-treatment azoospermia, in male, or amenorrhea, in female patients. This tool
is also available in a more interactive format as a web resource of the LIVESTRONG Foundation
(https://www.teamlivestrong.org/we-can-help/fertility-services/risks/). In this tool to help risk
estimation, treatments are classified in four levels of risk: high risk (prolonged or permanent
azoospermia is common after male treatment and more than 70% of women will develop posttreatment amenorrhea), intermediate or moderate risk (prolonged or permanent azoospermia
may occur after male treatment and 30-70% of women will develop post-treatment
amenorrhea), low risk (treatment causes only temporary damage to sperm production and less
than 20% of women will develop post-treatment amenorrhea) and very low or no risk. Besides
considering the specific chemotherapy agents or regimens to which the patient is exposed, this
tool takes into account other relevant patient and treatment-related variables, such as
patient’s age and the administered dose, for risk categorization. Concerning female risk
estimation, the use of amenorrhea as the only surrogate marker for infertility is an important
limitation of this risk assessment tool (as previously discussed).
Alkylating agents are the only antineoplastic agents included in the high risk category,
particularly when administered in high doses, in older women or combined with pelvic,
testicular, cranial or total body irradiation (Table i.2 and Table i.3). In women aged 30 to 40
years, doses of 5 g /m2 of cyclophosphamide are categorized as causing an intermediate risk of
amenorrhea. Platinum compounds, the FOLFOX (folinic acid, fluorouracil and oxaliplatin)
regimen for colorectal cancer and some common BC treatment regimens are included in the
intermediate risk group as well (Table i.3). In general terms, chemotherapy regimens without
alkylating agents or those that use very low doses are considered of low risk. This is the case
for many common treatment regimens for lymphoma and leukaemia (Table i.2 and Table i.3).
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Table i.2 Effects of Different Anti-tumour Agents on Sperm Production.
Degree of Risk

Treatment Protocol

Patient and Dose

Common Usage

Factors

Any alkylating agent (e.g.

Conditioning for HSCT

busulfan, carmustine,

for leukaemias,

cyclophosphamide, ifosfamide,

lymphomas, myelomas,

lomustine, melphalan,

Ewing’s sarcoma,

procarbazine) + total body

neuroblastoma

irradiation
Any alkylating agent + pelvic or

Sarcomas, testicular

testicular radiation
Total cyclophosphamide

< 7.5 g/m2

Multiple cancers and
conditioning for HSCT

High Risk
Prolonged/permanent
azoospermia common
after treatment.

Protocols containing

> 3 cycles

procarbazine:

> 6 cycles

Hodgkin lymphoma

MOPP
BEACOPP
Protocols containing

Brain tumour

temozolomide or BCNU +
cranial radiation
Testicular radiation

> 2.5 Gy in men

Testicular, ALL, NHL,

> 6 Gy in boys

sarcoma, germ cell
tumours

Total Body Irradiation (TBI)

HSCT

doses
Cranial radiation
Intermediate
Risk
Prolonged/permanent
azoospermia not
common after

>40 Gy

Protocols containing heavy

Brain tumour
Testicular

metals:
BEP

2-4 cycles

Total Cisplatin

>400 mg/m2

Total Carboplatin

>2 g/m2

treatment, but can
occur
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Degree of Risk

Treatment Protocol

Testicular radiation (due to

Lower Risk
Treatments typically
cause only temporary
damage to sperm
production

Very Low/No

Patient and Dose

Common Usage

Factors

1-6 Gy

Wilms’ tumour,

scatter)

neuroblastoma

Protocols containing non-

Hodgkin lymphoma,

alkylating agents (e.g., ABVD,

NHL; leukaemia

CHOP, COP; multi-agent
therapies for leukaemia)
Testicular radiation

<0 .2 - 0.7 Gy

Testicular

Anthracycline + cytarabine

AML

Multi-agent therapies using

Leukaemia, Lymphoma

vincristine

and Lung Cancer

Radioactive iodine

Thyroid

Risk
No effect on sperm
production

Testicular radiation (due to

<0.2 Gy

Multiple cancers

scatter)
Monoclonal Antibodies (e.g.,

Colon, Non-small-cell

Bevacizumab (Avastin),

lung

Cetuximab (Erbitux)

Head and neck

Tyrosine-kinase inhibitors (e.g.,

Non-small cell lung,

Erlotinib (Tarceva), Imatinib

pancreatic

(Gleevec))

CML, GIST

Unknown

Fertility Preservation for Patients with Cancer: American Society of Clinical Oncology Clinical Practice Guideline Update (2013)
(Loren, Mangu et al. 2013). Data Supplement # 5: Effects of Different Antitumor Agents on Sperm Production in Men
This table represents a compilation of clinical experience and publishes data about the effect of common cancer treatments on
sperm production. Risks categorized for post-pubertal men, based on available literature, unless otherwise indicated by specific
age range.

Table i.3 Risk of Amenorrhea in Women Treated with Modern Chemotherapy and Radiotherapy.
Degree of Risk

Treatment Protocol

Patient and Dose
Factors

Common Usage

Any alkylating agent (e.g.

Conditioning for HSCT

High Risk

busulfan, carmustine,

for leukaemias,

>70% of women

cyclophosphamide, ifosfamide,

lymphomas, myelomas,

develop amenorrhea

lomustine, melphalan,

Ewing’s sarcoma,

post-treatment

procarbazine) + total body

neuroblastoma,

irradiation

choriocarcinoma
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Degree of Risk

Treatment Protocol

Patient and Dose

Common Usage

Factors

Any alkylating agent + pelvic

Sarcomas, ovarian

radiation
5 g/m2 in

Total cyclophosphamide

women age > 40

Multiple cancers: breast

7.5 g/m2 in

cancer, NHL,

women and girls

conditioning for HSCT

age <20
Protocols containing
procarbazine:
MOPP

> 3 cycles

BEACOPP

> 6 cycles

Hodgkin’s lymphoma

Protocols containing
temozolomide or BCNU +

Brain tumour

cranial radiation
> 6 Gy in adult
Whole abdominal or pelvic
radiation doses

women

Wilms’ tumour,

> 10 Gy in post-

neuroblastoma,

pubertal girls

sarcomas, Hodgkin’s

> 15 Gy in pre-

lymphoma, ovarian

pubertal girls
Total Body Irradiation (TBI)

HSCT

doses
Cranial radiation
Total cyclophosphamide

>40 Gy
5 g/m in
women age 30-

Intermediate

develop amenorrhea
post-treatment

Multiple cancers, breast

40

Risk
30-70% of women

Brain tumour

2

x4 + Paclitaxel or
AC for breast cancer

Docetaxel in

Breast

women age < 40
FOLFOX4

Colon

Protocols containing cisplatin

Cervical

Abdominal/pelvic radiation

10-15 Gy in pre-

Wilms’ tumour,

pubertal girls

neuroblastoma, spinal

5-10 Gy in post-

tumours, brain tumour,

pubertal girls

relapsed ALL or NHL
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Degree of Risk

Treatment Protocol

Patient and Dose

Protocols containing nonLower Risk

alkylating agents (e.g., ABVD,

<30% of women

CHOP, COP; multi-agent

develop amenorrhea

therapies for leukaemia)

post-treatment

Protocols for breast cancer
containing cyclophosphamide

Common Usage

Factors

Hodgkin’s and nonHodgkin’s lymphoma,
leukaemia

Women < 30

Breast

(e.g., CMF, CEF, or CAF)
Anthracycline + cytarabine

AML

Very Low/No

Multi-agent therapies using

Leukaemia, Lymphoma,

Risk

vincristine

Breast and Lung Cancer

Radioactive iodine

Thyroid

Monoclonal Antibodies (e.g.,

Colon, Non-small-cell

Bevacizumab (Avastin),

lung

Cetuximab (Erbitux),

Head and neck,

Trastuzumab (Herceptin))

Breast

Tyrosine-kinase inhibitors (e.g.,

Non-small cell lung,

Erlotinib (Tarceva), Imatinib

pancreatic

(Gleevec)

CML, GIST

Negligible - no effects
on menses

Unknown

Fertility Preservation for Patients with Cancer: American Society of Clinical Oncology Clinical Practice Guideline
Update (2013). (Loren, Mangu et al. 2013). Data Supplement #6: Risks of Permanent Amenorrhea in Women Treated With Modern
Chemotherapy and Radiotherapy
This table represents a compilation of clinical experience and published data about the effect of common cancer treatments on
menstruation. Other measures of reproductive capacity such as hormone levels, follicle counts and pregnancy outcomes are not
reflected in this table.
Risks categorized for post-pubertal women, based on available literature, unless otherwise indicated by specific age range.

As mentioned, the risk categorization in female cancer patients is based solely on the presence
or absence of post-treatment amenorrhea. Currently, no tool is available that categorizes the
risk of infertility associated with cancer treatments according to their relative impact in
hormonal and/or ultrasound measures like Anti-Mullerian Hormone or Antral Follicle Count
which are, as already discussed, much more reliable markers of the ovarian reserve. Published
data on this impact has been steadily increasing and some attempts of systematization have
been made, with breast cancer patients being the most common focus (Peigne and Decanter
2014, Freour, Barriere et al. 2017). However, we are still far from having a similar risk
calculator that organizes agents/regimens in risk categories or that compares the damage
induced by different regimens for the same type of cancer.
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Researchers have also tried to identify possible risk factors or variables – and corresponding
cut-off values – that would predict the occurrence of female infertility after cancer treatment.
Patient-related factors, like age and pre-treatment OR levels (as assessed by indirect measures
like AMH levels), and treatment factors (like the dose of alkylating agents), have been
identified and used to develop risk prediction tools or nomograms. However, none of these
tools includes both patient and treatment-associated variables, which may limit their
reliability. Furthermore, besides the exposure to alkylating agents, no other treatment-related
factors are considered. Despite their limitations, these tools may be an additional support for
infertility risk estimation, namely risk of post-treatment oligo/amenorrhea (Anderson,
Rosendahl et al. 2013, D'Avila, Biolchi et al. 2015), probability of maintaining post-treatment
ovarian activity (Barnabei, Strigari et al. 2015) or the estimated time until return of ovarian
function (Su, Haunschild et al. 2014). The University of Pittsburgh has developed a fertility risk
calculator (available online at http://fertilitypreservationpittsburgh.org/fertility-resources/fertilityrisk-calculator/) based on the work from Green et al (Green, Nolan et al. 2014) that classifies

infertility risk based on the exposure to, and equivalent dose of, alkylating agents.

3. Overcoming the effects of cancer and cancer treatments in human fertility
There are various options that may enable patients to prevent damage on fertility, or coping
with that damage, in consequence of cancer treatments. The first line of action must be at the
pre-treatment setting, when wider possibilities for fertility preservation and/or protection are
available, allowing patients to have a plan B for future natural parenthood. For instance,
techniques like ovarian transposition or gametes cryopreservation may allow for fertility
protection or preservation and should be performed before exposure to gonadotoxic agents
takes place, to achieve maximum efficacy. During treatment, patients may still have the option
to perform a conservative surgery or to shield their gonads from radiation. Finally, after
treatment is completed and if damage has occurred, assisted reproduction techniques (ART)
might be helpful to achieve conception but only if the damage was partial or fertility
preservation (embryo and/or gametes cryopreservation) was previously performed. If this is
not the case patients can only become parents by using sperm, oocytes or embryos from
donors or through child adoption. Importantly, many of these techniques for fertility
protection or preservation are complementary or even synergistic and can be performed in
association, for risk minimization and maximum success rates. For instance, ovarian
stimulation for oocyte cryopreservation can be combined with cryopreservation of ovarian
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tissue to increase success rates (Huober-Zeeb, Lawrenz et al. 2011, Dolmans, Marotta et al.
2014, Hourvitz, Yerushalmi et al. 2015).
The various options for fertility protection/preservation available at each time point are
described in more detail below.

3.1. Options for fertility protection/preservation (FP) before cancer treatments
3.1.1. Male

3.1.1.1. Sperm cryopreservation
This FP technique can be used in post-pubertal male adolescents and adults. Sperm samples,
obtained by masturbation or electro-ejaculation, are cryopreserved. Later, when the patient
wishes, sperm can be used for embryo breeding, by intrauterine insemination (IUI), in vitro
fertilization (IVF) or intracytoplasmic sperm injection (ICSI)1 .
Pregnancy rates are variable and depend, among other factors, on the technique of
fertilization used. There are centres reporting pregnancy rates of 40 to 50% per cycle, with the
use of cryopreserved sperm from cancer survivors and using IVF/ICSI techniques (van Casteren,
van Santbrink et al. 2008, Selk, Belej-Rak et al. 2009). The collection and storage of
spermatozoa for fertility preservation in male cancer patients of post-pubertal age is a simple,
safe and well-established procedure.
It is recommended that three sperm collections should be performed, with a minimum of 48
hours of abstinence between each collection. Therefore, despite being a simple and quick
procedure, patients should be referenced in a timely manner to maximize success rates
(Almeida-Santos, Sousa et al. 2016).

3.1.1.2. Testicular sperm or testicular tissue cryopreservation
In adult males this technique is an alternative to sperm cryopreservation when
ejaculation is not possible or the ejaculated semen does not contain sperm. Samples
of testicular tissue are obtained through biopsy and then prepared and cryopreserved. After

1

Intrauterine insemination (IUI) - sperm is placed into the uterus when the woman is ovulating and fertilization

occurs in the uterus; In Vitro Fertilization (IVF) – the ovaries are stimulated to produce oocytes which are then
fertilized in the laboratory using sperm from the male partner or from a donor; Intracytoplasmic Sperm Injection
(ICSI) – refinement of the IVF technique in which the sperm is inserted directly into the oocyte.
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finishing cancer treatments, the samples may be thawed and the spermatozoa used for
fertilization by ICSI.
In pre-pubertal children and adolescents, cryopreservation of testicular tissue is the only
option for preservation of fertility. However, at present this is an experimental technique with
no successful clinical experience reported. Nevertheless, the possibility to perform the
transplantation of cryopreserved / thawed tissue or the in vitro maturation of the spermatozoa
is foreseen, in the near future (Dohle 2010). Success rates, although highly variable, are
generally lower than those obtained with the use of cryopreserved sperm. Nevertheless, there
are reports of pregnancy rates of 40% and 55.8% per cycle, using cryopreserved/thawed
testicular sperm (Ulug, Bener et al. 2005, Kalsi, Thum et al. 2011). Concerning the
cryopreservation of immature testicular tissue, the investigation is still limited to preclinical
studies.

3.1.2. Female

3.1.2.1. Embryo cryopreservation
Embryo cryopreservation is a well-established procedure that can be used to preserve fertility
in women of reproductive age with an available partner (or using donor sperm). This technique
comprises an initial phase of hormonal stimulation, followed by follicular aspiration for
collection of oocytes and posterior insemination by IVF or ICSI. The embryos obtained are then
cryopreserved. When the couple so wishes, the embryos are thawed and transferred to the
woman's uterus. A pregnancy rate of 35.6% per cycle in women with up to 35 years of age is
described (Westphal and Massie 2012). As the woman's age increases, the probability of
getting a pregnancy significantly decreases. Embryo cryopreservation requires a male partner
or use of donor sperm, which raises ethical and legal concerns about the fate of the orphan
embryos if the patient dies or if she and her partner separate (Donnez and Dolmans 2017).
Also, it should be pointed out that cryopreserved embryos are joint property of the woman
and her male partner in most countries, which might be an issue when they come to be used a
number of years later (Donnez and Dolmans 2013).

3.1.2.2. Oocyte cryopreservation
In a similar way to embryo cryopreservation, the preservation of fertility through
cryopreservation of oocytes comprises an initial phase of hormonal stimulation, followed by
follicular aspiration and cryopreservation of the retrieved oocytes by vitrification (fast-freezing
method). Oocyte vitrification has significantly improved their survival, fertilization rates and
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proportion of high quality embryos as compared to slow freezing, and can even produce
results comparable to fresh oocytes (Cobo and Diaz 2011). When the woman so desires, the
preserved gametes are thawed and fertilized using IVF or ICSI techniques. The embryos
obtained are then transferred to the woman's uterus.
Cryopreservation of mature oocytes has become an established technique in 2012 (Practice
Committees of American Society for Reproductive Medicine and Society for Assisted
Reproductive Technology 2013) and can circumvent the main concerns associated with
embryo storage, preserving a woman’s ability to procreate with a chosen partner in the future
(Donnez and Dolmans 2017). Also, this technique is an option for patients who do not have a
male partner, do not wish to use donor sperm, or have religious or ethical objections to
embryo freezing (Loren, Mangu et al. 2013).
The birth rate is significantly dependent on the number of vitrified oocytes and the woman’s
age (Donnez and Dolmans 2017). Kato has summarized the live births reported in cancer
patients who preserved their fertility by oocyte cryopreservation and have returned for
pregnancy. In a series of 12 cases, the percentage of live births per slow-frozen/ thawed or
vitrified/warmed oocyte varied between 4.5 and 33.3% (Kato 2016). Repeating the procedure
in multiple cycles is advantageous as more oocytes can be cryopreserved, potentially leading
to greater success rates.
In cancer patients, one of the main concerns related to embryo or oocyte cryopreservation is
the need to postpone treatment initiation for several weeks. However, with the use of more
flexible ovarian stimulation protocols for oocyte collection, timing no longer depends on the
menstrual cycle in most cases, and stimulation can be initiated with less delay compared with
old protocols. Oocyte harvesting for the purpose of oocyte or embryo cryopreservation is now
possible on a cycle day–independent schedule (Loren, Mangu et al. 2013). Other significant
concern is the exposure of patients with oestrogen-sensitive malignancies (usually breast
cancer) to increased oestrogen levels, during ovarian stimulation. To minimize this risk, ovarian
stimulation protocols using the aromatase inhibitor letrozole have been developed and long
term prospective data do not indicate increased risk of breast cancer recurrence (Kim, Turan et
al. 2016).

3.1.2.3. Ovarian tissue cryopreservation
Cryopreservation of ovarian tissue is still considered an experimental procedure, although
experts are anticipating that it will become labelled as non-experimental in a short time, due
to cumulative evidence for restoration of ovarian function and spontaneous pregnancies after
orthotopic transplantation (Martinez and International Society for Fertility Preservation–
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ESHRE–ASRM Expert Working Group 2017, Oktay, Harvey et al. 2018). This technique remains
the only option for fertility preservation in pre-pubertal girls and in women who cannot delay
the start of chemotherapy.
A fragment from or the whole ovary is collected by laparoscopic surgery. The ovarian tissue is
properly prepared and fragments of the cortex are isolated and cryopreserved. When the
woman so desires, the fragments are thawed and may be grafted onto the remaining ovary
(orthotopic transplantation) or to another location (heterotopic transplantation). There is an
advantage in removing the whole ovary as it allows for more tissue to be cryopreserved and
the repetition of the transplantation, if the first graft is not successful (Rosendahl, Schmidt et
al. 2011). After transplantation, the ovarian tissue may restore endocrine function and fertility,
enabling a natural conception (Dolmans, Jadoul et al. 2013, Schmidt, Nyboe Andersen et al.
2013). It is not possible to calculate the success rate of ovarian tissue transplantation since the
total number of performed transplants is not known. However, several centres worldwide
have reported cryopreservation and subsequent ovarian transplantation experiments, with
promising results. In a series of cases described by Donnez in 2013 (Donnez, Dolmans et al.
2013), a total of 60 patients underwent orthotopic ovarian tissue transplant and 11 were able
to become pregnant. Moreover, the majority (93%) of these patients recovered ovarian
function. In a Belgian centre with over 15 years of experience, 582 cryopreservations of
ovarian tissue were performed of which resulted 11 successful transplants and five live births,
four of which as a result of natural conception (Dolmans, Jadoul et al. 2013). In patients using
this FP technique the total number of live births reported as of June 2017 has exceeded 130,
worldwide (Donnez and Dolmans 2017). After transplantation, maintenance of ovarian
function is dependent on the amount of transplanted tissue and on the age of the woman at
the time of the procedure. On average, the ovarian remains functional for four to five years
(Donnez and Dolmans 2013) but there were cases where it persisted for more than 7 years
(Andersen, Silber et al. 2012).
Regarding the theoretical risk of cryopreserving, and subsequently transplanting, ovarian
tissue with neoplastic cells, several histological techniques like PCR (Polymerase Chain
Reaction), flow cytometry and xenotransplantation, that help to exclude such possibility, are
being developed. Nevertheless, the recently updated guideline on fertility preservation from
ASCO (Oktay, Harvey et al. 2018) states that further investigation is needed to confirm
whether it is safe in patients with leukaemia. The transplantation of isolated follicles after in
vitro maturation or through the "artificial ovary" may help overcome this risk in the future
(Donnez and Dolmans 2013). A successful birth report resulting from in vitro maturation of
oocytes obtained after oophorectomy in a patient with ovarian cancer has been published
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(Prasath, Chan et al. 2014). The risk of ovarian metastases according to the type of cancer has
been categorized: it is high in situations of leukaemia, neuroblastoma and Burkitt's lymphoma;
moderate for stage IV or lobular subtype breast cancer, colon cancer, adenocarcinoma of the
uterine cervix, non-Hodgkin's lymphoma and Ewing's sarcoma; and low for BC in stages I-II or
the ductal subtype, squamous cell carcinoma of the cervix, Hodgkin's disease, osteogenic
carcinoma, non-genital rhabdomyosarcoma and Wilms' tumour (Dolmans, Luyckx et al. 2013).

3.1.2.4. Ovarian transposition
Oophoropexy is a surgical procedure that relocates the ovaries away from the radiation field
and can be considered in all patients for which pelvic irradiation is planned. At the conclusion
of treatment, the ovaries are returned to their original position to allow return of reproductive
function. Success rates range from 60 – 89% and are largely dependent on patient age,
radiation dose, site, type of treatment and whether or not chemotherapy is also integrated in
the treatment plan. Transposition should be performed just before radiation therapy to
prevent ovarian remigration (Hudson, Stanley et al. 2017).

3.1.2.5. Conservative surgery
Whenever possible, conservative gynaecologic surgeries like trachelectomy for cervical
carcinoma (surgical removal of the cervix while preserving the uterus) should be performed to
preserve female fertility.

3.1.2.6. Other potential protection options
Agents which can prevent or attenuate the toxic effects of cancer treatments on female
fertility would provide significant advantages over the existing FP techniques, and would allow
patients to retain their natural fertility without the necessity for costly, invasive and risky
procedures (Roness, Kashi et al. 2016). Moreover, as the evidence to support the effectiveness
of GnRH agonists in female fertility preservation is still not conclusive, other preventive
strategies to reduce the gonadotoxic effects need to be developed (Donnez and Dolmans
2017). Preliminary studies have identified a number of agents acting on the molecular
pathways involved in the cellular response to cytotoxic treatments which could prevent or
reduce ovarian follicle loss (Table i.4). Future advances in this area will require the
demonstration of the non-interference of these agents with the anti-cancer activity of the
chemotherapy drugs and the conduction of well-designed robust clinical studies that use
adequate reproductive outcomes (Roness, Kalich-Philosoph et al. 2014).
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Another potential approach for the development of agents that protect fertility
(fertoprotective agents) is the study of new drug formulations such as drug encapsulation in
nanoparticles or liposomes, in order to reduce their toxic effects. This strategy has already led
to the development of pegylated-doxorubicin that has proved to be less cardiotoxic and a
recent study examined the possibility that nano-encapsulation of arsenic trioxide (used in the
treatment of hematologic cancers) would increase its efficacy, whilst reducing the toxic effects
on the ovary. In a murine lymphoma model, this new formulation was much less deleterious to
ovarian function than the parent drug (Ahn, Barrett et al. 2013).

Table i.4 Characterization of agents with potential to prevent or reduce ovarian follicle loss. Adapted
from (Roness, Kashi et al. 2016).
General
mechanism

Agent

Specific

Outcomes

mechanism

Type of study

Reduced loss of primordial
Modulation of the
Agents

AS101

PI3K/PTEN/Akt
pathway

preventing overrecruitment of

apoptosis in granulosa
cells of growing follicles;

Preclinical
(mice)

improved reproductive
outcomes

primordial
follicles

follicles; reduced

Anti-

Negative

Mullerian

regulation of

Hormone

follicle activation
c-Abl kinase

Imatinib

inhibitor in the
apoptotic
pathway

Agents inhibiting

Inhibitor of the

follicle apoptosis

ceramide-

Sphingosine1-phosphate

promoted
apoptotic
pathway

Increased number of
primordial follicles in
AMH-treated animals than

Preclinical
(mice)

in controls
Reduced primordial follicle

Preclinical

loss, improved fertility and

(mice)

reproductive outcomes
Preclinical
Reduced follicle apoptosis;

(human

preservation of both

ovarian tissue

primordial and growing

xenografts in

follicles

mice)
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General
mechanism

Agent

Specific

Outcomes

mechanism

Type of study

Reduced destruction of
Granulocyte
Agents inhibiting
vascular effects

primordial follicles;

colony-

Not yet

preventing damage to the

stimulating

identified

micro-vessels, reducing

factor (G-CSF)

Preclinical
(mice)

DNA damage in growing
follicles

Bortezomib

Other

Prevents

Prevented doxorubicin-

doxorubicin

induced DNA damage and

nuclear

the activation

accumulation

of apoptotic pathways

Reduces the
Retrovirus-

uptake of

mediated

chemotherapy

transduction

into granulosa
cells

Preclinical
(mice)

Increased granulosa cell

Preclinical (in

survival following

vitro cell

treatment with either

lines)

doxorubicin or paclitaxel

Legend: PI3K/PTEN/Akt - Phosphatidylinositol 3-kinase/ Phosphatase and tensin homolog/v-akt murine thymoma
viral oncogene homolog.

3.2. Options for fertility protection or preservation during cancer treatments
3.2.1. Ovarian suppression
It is hypothesized that GnRH agonists reduce ovarian toxicity by down-regulating the secretion
of FSH and LH from the pituitary and consequently creating a hypo-gonadotropic milieu, in
which follicular recruitment is inhibited and fewer primordial follicles attain the
chemotherapy-sensitive stages of proliferation and follicle maturation (Blumenfeld and von
Wolff 2008). However, the efficacy of this non-invasive, pharmacologic fertility protection
method remains a much debated issue (Oktay and Bedoschi 2016, Oktay and Turan 2016,
Donnez and Dolmans 2017, Taylan and Oktay 2017, von Wolff and Stute 2017). Many new
results have recently come to light, including a randomized controlled trial with a 5 year
follow-up in lymphoma patients (Demeestere, Brice et al. 2016) and several meta-analyses (Del
Mastro, Ceppi et al. 2014, Elgindy, Sibai et al. 2015, Lambertini, Ceppi et al. 2015, Munhoz,
Pereira et al. 2016) but conclusions remain conflicting. Some authors believe that the opposing
results may not be contradictory as long they are interpreted in different perspectives (von
Wolff and Stute 2017). Some of these recent studies favour the use of GnRH agonist as they
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have effectively increased the rate of menses recovery (Munhoz, Pereira et al. 2016) and
reduced the risk of Premature Ovarian Insufficiency (Del Mastro, Ceppi et al. 2014, Lambertini,
Ceppi et al. 2015) while other studies have found no evidence of benefit (Vitek, Shayne et al.
2014, Elgindy, Sibai et al. 2015, Demeestere, Brice et al. 2016). Nevertheless, substantial
weaknesses in conducted trials are pointed (Oktay and Bedoschi 2016, Taylan and Oktay 2017)
and substantial heterogeneity is acknowledged in the published meta-analysis (Del Mastro,
Ceppi et al. 2014, Munhoz, Pereira et al. 2016). The debate is far from ending: some authors
still very reluctant in accepting a protective effect of GnRH agonists in OR, as primordial
follicles do not express gonadotropin or GnRH receptors (Taylan and Oktay 2017) whereas
others rose the hypothesis that GnRH agonists display a differential protective effect on
fertility, depending upon the specific chemotherapy-induced mechanism of ovarian injury
(Hasky, Uri-Belapolsky et al. 2015). Controversy is also present in published clinical guidelines:
the oldest, and eventually outdated, from ASRM (Practice Committee of American Society for
Reproductive Medicine 2013) and ESMO (Peccatori, Azim et al. 2013) do not recommend the
use of GnRH agonists (at least without considering additional FP options), while some of the
most recent guidelines recommend their use for FP, although they do not entirely agree on the
proposed indications (Coates, Winer et al. 2015, Lambertini, Del Mastro et al. 2016,
Lambertini, Cinquini et al. 2017). The most recently updated guideline on FP from ASCO
(Oktay, Harvey et al. 2018) states that evidence is conflicting and does not recommend this FP
strategy unless other proven methods (such as oocyte, embryo, or ovarian tissue
cryopreservation) are not feasible, and exclusively in young women with BC.

3.2.2. Radiation shielding of reproductive organs
Gonadal and/or uterus shielding during radiation therapy is also recommended as a standard
option for FP (Lee, Schover et al. 2006). Use of shielding will reduce the dose of radiation
therapy delivered to the testis or to female reproductive organs (uterus, ovaries).

3.2.3. Administration of less gonadotoxic chemotherapy regimens
As previously detailed, the gonadotoxicity of chemotherapy is related with the specific effects
of the antineoplastic agents being used. It is recognized that the group of alkylating agents,
especially in higher doses or in regimens combining more than one agent, are associated with
the higher risk of post-treatment azoospermia and amenorrhea (Meirow, Biederman et al.
2010, Ben-Aharon and Shalgi 2012, Loren, Mangu et al. 2013). The less gonadotoxicity of CT
regimens without alkylating agents is evident in the risk categorization tables published by
ASCO, where for instance the BEACOPP regimen (bleomycin, etoposide, doxorubicin,
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cyclophosphamide, vincristine, procarbazine and prednisone) and the ABVD regimen
(doxorubicin [adriamycin], bleomycin, vinblastine, and dacarbazine), both for treatment of
Hodgkin lymphoma, are included in the higher risk and lower risk categories, respectively.
Accordingly, the results of a large study assessing fertility outcomes in Hodgkin lymphoma
survivors concluded that chemotherapy-induced gonadal toxicity was highest after six to eight
cycles of escalated BEACOPP(-14) in both female and male survivors, as evidenced by reduced
ovarian reserve and amenorrhea in the majority of women, and a relevant impairment of
spermatogenesis in the majority of men (Behringer, Mueller et al. 2013). In the case of breast
cancer, almost all first-line regimens include cyclophosphamide but limited results from the
APT trial, where patients were treated with the adjuvant paclitaxel-trastuzumab regimen,
reveal a lower amenorrhea rate as compared to the usual rate after the standard
anthracycline-alkylating regimens (Ruddy, Guo et al. 2015). In the setting of breast cancer,
more research is needed that compare the various available regimens in terms of their impact
on ovarian reserve markers and on the incidence of POI.

3.3. Options for parenthood after cancer treatments
After cancer treatment, patients may attempt to conceive and/or get pregnant naturally,
unless they have medical contraindications. However, they are advised to wait six months to
two years (male patients) or a minimum of six months (female patients), after the end of
treatment to minimize the risk of genetic mutations in the available sperm or oocytes. If their
reproductive function is significantly affected, they can attempt to produce offspring by using
their cryopreserved embryos, oocytes or sperm in the setting of assisted reproduction
techniques (ART) like IUI, IVF or ICSI or by transplanting their ovarian tissue. Not all patients
will have the opportunity to preserve their gametes before treatment nor will all patients want
to undergo such procedures. In these circumstances, and if natural conception and/or
pregnancy is not possible, other parenthood options are available. For couples in which the
male has no sperm in the ejaculate, the TESE/TESA2 procedures (Testicular/Epididymal Sperm
Aspiration or Extraction) may sometimes be able to extract sperm cells directly from the
testicular tissue. These sperm cells can then be used with ICSI to create embryos and achieve a
pregnancy. If the male has become infertile, there is also the option of using sperm from a
donor and perform IUI or IVF. For couples in which the female is no longer able of producing
oocytes, they can also be obtained from donors and used to achieve pregnancy. Gestational
2

Testicular Sperm Aspiration (TESA) - A needle is inserted in the testicle and tissue/sperm are aspirated. Testicular
Sperm Extraction (TESE) - involves making a small incision in the testis and examining the tubules for the presence
of sperm which is then aspirated.
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surrogacy is an option for women who do not want to or cannot carry out a pregnancy, for
instance when the uterus has been severely damaged by radiotherapy. The embryo is
produced through assisted reproduction techniques, using oocyte and sperm from the couple
and then transferred to the surrogate mother’s uterus. The child is the genetic offspring of the
couple. If both elements of the couple are infertile, there is still the possibility for them to be
parents by using embryos from another couple (donor) and, if needed, a gestational carrier.
Adoption is an additional viable option that can be considered by anyone seeking parenthood.
Importantly, these options always have to be considered in the light of specific country laws
and regulations and may sometimes raise significant ethical issues.

4. Providing support for an informed and shared decision-making process in the
context of (in)fertility risk in cancer patients
4.1. Fertility preservation counselling as a shared decision-making process
Shared decision making (SDM) is a process whereby health professionals and patients work
together to make healthcare choices. Informed shared decisions are shared by doctor and
patient and informed by the best evidence, not only about risks and benefits but also patient
specific characteristics and values (Towle and Godolphin 1999). SDM is most useful for
decisions in which there is more than one medically reasonable option, and the choice of
which option is best for a given patient depends on his/her preferences and values. When
patients are more involved in health decisions, they are more likely to experience confidence
in and satisfaction with treatment decisions along with increased trust in their care providers
(Kane, Halpern et al. 2014). Also, outcomes of care and adherence to treatment regimens
improve (Towle and Godolphin 1999).
In the process of SDM, four steps can be distinguished (Stiggelbout, Pieterse et al. 2015):
1.

The professional informs the patient that a decision is to be made and that the
patient's opinion is important;

2.

The professional explains the options and their pros and cons;

3.

The professional and the patient discuss the patient's preferences and the professional
supports the patient in deliberation;

4.

The professional and the patient discuss the patient’s wish to make the decision, they
make or defer the decision, and discuss follow-up.

Therefore, in order to make or participate in a “good” decision, patients should be well
informed about their treatment options, including the risks, benefits, and uncertainties
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associated with each option (including choosing not to get treatment at a certain time) (Kane,
Halpern et al. 2014). Several patient-related factors contribute to a quality decision-making
process, including patients’ values and attitudes, support from family and friends and the
acquisition of information (Michie, Dormandy et al. 2002, Woolf, Chan et al. 2005). In addition,
the knowledge and recommendations from the health professional are essential to SDM
(Makoul and Clayman 2006). Health professionals are involved in every step of the decisionmaking process, from identifying that a decision needs to be made, presenting the evidence
and counselling the patient to implement a strategy with which both parties feel comfortable
(Legare and Thompson-Leduc 2014).
In the cancer setting, several factors have been pointed by the Institute of Medicine (IOM) to
justify the need of a patient-centred approach and shared decision making (Committee on
Improving the Quality of Cancer Care: Addressing the Challenges of an Aging, Board on Health
Care et al. 2013):
1.

Cancer care can be extremely complex, and patients' treatment choices have serious
implications for their health outcomes and quality of life;

2.

Evidence supporting many decisions in cancer care is limited or incomplete;

3.

Individuals differ in how they weigh the trade-offs of different choices.

Decisions regarding FP, especially for female cancer patients, are complex and preferencesensitive i.e. the best strategy for an individual is unclear (O'Connor, Legare et al. 2003) and
there is a need to consider patients’ values for benefits and harms plus the scientific
uncertainties across options. Such conditions are ideal for SDM (Elwyn, O'Connor et al. 2009).
The first and most important step for SDM in preference sensitive decisions is explaining to the
patient that there is no best choice, that a decision has to be made and that doing nothing or
keeping the status quo is also an option (Stiggelbout, Van der Weijden et al. 2012). After
having laid out the options, the next step is to discuss the benefits and harms of each, as well
as their respective probabilities of success. Next, patients’ ideas, concerns, and expectations
about the options, their benefits, and their harms should be explained, and the patient should
be supported in the process of deliberation (O'Connor, Legare et al. 2003).
All FP options come with risks and success rates and, very often, decisions concerning FP have
to be made in a short time frame (between diagnosis and start of the chemotherapy
treatment), along with other treatment decisions, in a period of a great emotional distress for
the patients. Although this decision-making process occurs in a particularly difficult context,
after a recent cancer diagnosis, patients recognize the importance of being able to play an
active role in this decision (Ussher, Parton et al. 2018), in a context particularly marked by lack
of control. According to a published systematic review investigating the impact of FP
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counselling on overall psychological outcomes in women with cancer, FP counselling is
perceived as critical, regardless of age or parity. Furthermore, it reduces long-term regret and
dissatisfaction concerning fertility and is associated with improved physical quality of life.
Moreover, the possibility of FP was instrumental to improved coping (Deshpande, Braun et al.
2015). While counselling by the oncology team is vital, additional benefit is seen patients are
referred to a reproductive endocrinologist and have access to the opportunity to preserve
fertility (Letourneau, Ebbel et al. 2012). Other study in Australian cancer patients concludes
that discussion with a health care professional about fertility concerns, and satisfaction with
the discussion, was associated with lower patient distress, greater knowledge and
understanding of the consequences of cancer/cancer treatments on fertility, involvement in
the decision making process about FP, and satisfaction with health care (Ussher, Parton et al.
2018).
The FP decision-making process may be influenced by a wide range of factors, including the
provision and timing of FP information and internal factors such as the women's
overestimation of the risks associated with pursuing FP (Jones, Hughes et al. 2017). A study
conducted in the Netherlands, reinforce these results: FP decision-making in young cancer
women was found to be based mainly on weighing two issues: the intensity of the wish to
conceive a child in the future and the expected burden of undergoing FP treatment (Baysal,
Bastings et al. 2015).
4.2. Information strategies in fertility preservation counselling
The need of female cancer patients for prompt, standardized, and written information
addressing specific oncofertility issues is now an evidence (Deshpande, Braun et al. 2015).
Several studies reported that patients’ who have access to specialized information concerning
FP have an improved knowledge of the available options (Garvelink, ter Kuile et al. 2014) and
fewer decisional conflicts (Peate, Meiser et al. 2011). A web-based, anonymous survey sent to
young adult female cancer survivors also found that patients with limited awareness or
knowledge of their risk for premature menopause and FP options reported higher levels of
decisional conflict about future FP (Benedict, Thom et al. 2016).
Various studies confirm that information resources conceived to support decisions in
healthcare such as decision aids (Stacey, Samant et al. 2008, Stacey, Bennett et al. 2011) or
decision trees (Hunink, Weinstein et al. 2014) provide a more clear understanding of the
available options, facilitate discussions with healthcare professionals and increase patients’
and professionals’ involvement in the decision-making process. Patient decision aids (DA) are
defined by the International Patient Decision Aid Standards (IPDAS) Collaboration as ‘‘tools
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designed to help people participate in decision making about health care options. They provide
information about the options, and help patients to construct, clarify, and communicate the
personal values they associate with the different features of the options. Furthermore, they
provide structured guidance in the steps of decision making (International Patient Decision Aid
Standards (IPDAS) Collaboration 2017). A well-designed DA must be able to: provide up-todate and accurate information about the health condition, the treatment options, the
potential beneﬁts and harms associated with each option and corresponding probabilities, and
any uncertainties; help patients to clarify the value they place on different health care
outcomes; and offer structure and guidance for the decision-making steps (Kane, Halpern et al.
2014). DA differ from traditional health education materials by focusing on the treatment
decision and the personalized patient connection with the treatment options being
considered. A recent review of the published evidence concludes that patients feel more
knowledgeable, better informed, and clearer about their values, and they probably have a
more active role in decision making and more accurate risk perceptions, when exposed to DA
as compared to usual care (Stacey, Legare et al. 2017). Various studies report very positive
results on the development and evaluation of DA conceived to support FP decisions, whether
in print format (Peate, Meiser et al. 2011, Peate, Meiser et al. 2012) or electronically available
(Garvelink, ter Kuile et al. 2013, Garvelink, ter Kuile et al. 2014, Woodard, Hoffman et al. 2018).
In general, patients and health care professionals assessed DA as relevant, understandable and
useful sources of information. These tools may be presented in printed, electronic or video
format but decision-support websites are increasingly used as they are more interactive and
allow for individualized information (Cox, Wysham et al. 2015).
Decision trees are another type of decision tool that describe the path of patient decisionmaking, portraying the consequences of each separate decision, and the multiple ways in
which a patient may arrive at the final outcome. They have proven to help patients accurately
weigh the outcomes associated with a given decision, and lead to more informed clinical
judgments (Aleem, Jalal et al. 2009). Decision trees can also be used to help health care
providers to communicate in a systematic and logical way. Decision trees for FP options have
been developed by an interdisciplinary team of researchers at the Northwestern University
(Gardino, Jeruss et al. 2010). These tools are intended for providers to use when counselling
female and male cancer patients and provide a visual map of the sequence of events that a
patient must undergo. Each tool captures the unique aspects and options for female and male
patients and special attention is paid to each “decision point” in which the patient can change
the course of his/her trajectory.
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4.3. Oncofertility information needs
Several international cancer care organizations such as ESMO and ASCO, state that healthcare
providers caring for adult and pediatric patients with cancer should address the possibility of
infertility as early as possible before treatment starts. Moreover, they must be prepared to
refer potential patients to reproductive medicine specialists. To preserve the full range of
options, FP approaches should also be discussed as early as possible (Peccatori, Azim et al.
2013, Oktay, Harvey et al. 2018). However, FP services remain underutilised in many
developed countries: the proportion of eligible women who undergo some type of FP is of 12%
at the most, and sperm banking also remains an underused procedure, despite being simple,
effective and medically uncomplicated (Schover, van der Kaaij et al. 2014).
In accordance with these numbers, several international studies indicate that not every
oncologist is following these orientations (Schover, Brey et al. 2002, Quinn, Vadaparampil et al.
2007, Quinn, Vadaparampil et al. 2009, Forman, Anders et al. 2010, Adams, Hill et al. 2013,
Shimizu, Bando et al. 2013). In addition, a recently published systematic review of qualitative
and quantitative studies confirms that oncofertility support is often not delivered to the
standard of current guidelines (Logan, Perz et al. 2018). Moreover, this author found that
fertility discussions and the use of FP services are negatively influenced by a variety of factors
including patient-related (e.g. low infertility risk, pre-pubertal status, female gender, poor
prognosis, urgency to initiate treatment), clinician-related (medical specialties like surgery, low
clinician knowledge and training) and institutional-related factors like time constraints. In our
country, the results of a locally applied questionnaire to a sample of 37 oncologists from two
hospitals in the central region, have pointed to significant information needs, with most
oncologists highly rating the importance of receiving more information on several topics
concerning both infertility risks and FP options (Silva, Almeida-Santos et al. 2015). Concerning
other barriers that could impact FP practices of Portuguese oncologists, published data
indicates that the barriers “communication skills” and “patient-related factors” were related to
a lower frequency of informing about both the risk of cancer-related infertility and about FP
(Melo, Fonseca et al. 2018).
In addition, when we look at the published studies assessing cancer patients’ needs, the results
corroborate the mentioned gaps in care with regard to fertility issues. Around 50% of patients
report not to have received fertility information or engaged in discussions about FP with their
doctors (Logan, Perz et al. 2018, Ussher, Parton et al. 2018), although it seems to exist a trend
towards increasing provision of fertility information (Logan, Perz et al. 2018). The results of
several surveys of reproductive-age cancer patients and survivors disclose gaps in the
information received about the opportunity of preserving fertility, the options available or the
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possibility of consultation with a reproductive medicine specialist (Schover, Brey et al. 2002,
Partridge, Gelber et al. 2004, Peate, Meiser et al. 2009, Wilkes, Coulson et al. 2010). Moreover,
an online survey to 217 North American and Canadian young adult cancer patients and
survivors demonstrate a high demand (65.7%) for information and assistance regarding FP
options but also shows that these needs were unmet in 40–50% of the patients inquired
(Zebrack 2008). Another study in four oncology clinics in the USA (n=104) found that one-third
of young pre-menopausal women with cancer were dissatisfied with the quality and length of
oncologist discussions about the impact of cancer treatment on reproductive health.
Furthermore, this work concludes that in women aged over 40 years counselling on the effect
of treatment on fertility was inadequate (Scanlon, Blaes et al. 2012). A large study in Sweden,
in which 484 survivors completed a postal questionnaire, also shows marked sex differences
regarding the receipt of fertility-related information and use of FP resources, with more
pronounced gaps in female counselling (Armuand, Rodriguez-Wallberg et al. 2012). Regarding
information strategies, female cancer patients aged 18-45 years reporting decisional conflict
with regard to FP (n=155), rated specialised websites and leaflets as the most helpful decisionsupport tools (Muller, Urech et al. 2017). Evidence from a number of studies also indicates the
need for evidence-based, straightforward written information materials. Patients prefer to be
informed after diagnosis and prior to treatment initiation (Logan, Perz et al. 2018).
4.4. National and international recommendations
The first published guideline concerning FP in cancer patients was published more than ten
years ago, in 2006, by the American Society of Clinical Oncology. Since then, several
international cancer, reproductive medicine and fertility preservation societies and
organizations have published guidance and recommendations on this subject.
In Europe, both the European Society of Medical Oncology (ESMO) and the European
Menopause and Andropause Society (EMAS) have published guidelines in 2013 (Peccatori,
Azim et al. 2013, Mintziori, Lambrinoudaki et al. 2014), including very similar
recommendations concerning FP. Additionally, the Ferti-PROTEKT network, a physicians and
biologists network specialized in FP based in Germany, Austria and parts of Switzerland, has
recently updated its recommendations, which are now more practically orientated with a great
emphasis on topics relevant for decision support (Schuring, Fehm et al. 2018, von Wolff,
Germeyer et al. 2018). In an attempt to address remaining controversial issues, to detail
aspects concerning FP techniques and to update the recommendations from ESMO and ASCO,
other guidelines have also been published by international consensus of European and North-
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American societies (Martinez and International Society for Fertility Preservation–ESHRE–ASRM
Expert Working Group 2017) and expert meetings (Lambertini, Del Mastro et al. 2016).
In the USA, the American Society for Reproductive Medicine (ASRM) has also given important
contributions for the definition of FP guidelines, complementing those from ASCO with more
scientific, technical and ethical perspectives on FP (Ethics Committee of American Society for
Reproductive 2013, Practice Committee of American Society for Reproductive Medicine 2013,
Practice Committees of American Society for Reproductive Medicine and Society for Assisted
Reproductive Technology 2013). It was also an initiative of this society, jointly with the Society
for Assisted Reproductive Technology, to withdraw, in 2012, the experimental label from the
technique of oocyte cryopreservation (Practice Committee of American Society for
Reproductive Medicine 2013). This document was endorsed in 2014 by the American College
of Obstetricians and Gynaecologists (ACOG). An international meeting that joined experts from
ASRM, the European Society for Human Reproduction and Embryology (ESHRE) and the
International Society of Fertility Preservation (ISFP), held in Barcelona, in 2015, also delivered
recommendations on several topics concerning FP, with a special focus on indications, current
outcomes and future perspectives (Martinez and International Society for Fertility
Preservation–ESHRE–ASRM Expert Working Group 2017).
In Portugal, it was not until recently that national recommendations on FP in cancer patients
were published (Almeida-Santos, Sousa et al. 2016). This document was an outcome of two
previous national oncofertility meetings in 2015 and 2016, organized by the Portuguese
Society of Reproductive Medicine (SPMR). The Portuguese recommendations were reviewed
and endorsed by several national medical societies, namely the SPMR, the Portuguese
Oncology Society (SPO), the Portuguese Haematology Society (SPH), the Portuguese
Andrology, Sexual Medicine and Reproduction Society (SPAMSR) and the Portuguese
Gynaecology Society (SPG). The Portuguese Recommendations for the Preservation of the
Reproductive Potential in Cancer Patients (full contents in Chapter II of the results) present the
general indications, contraindications and clinical recommendations for protection and
preservation of the reproductive potential, in general terms and according to specific types of
cancer and types of cancer treatment. In detail, it is recommended that every post-pubertal
male patient collects and cryopreserves sperm and that all women who wish to preserve their
reproductive potential should be referred to a reproductive medicine service, before the
initiation of any systemic treatment. Specific clinical recommendations are made for
preservation of the reproductive potential in the more incident cancer types in adolescent and
young adult patients.
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These documents and their recommendations can be used as additional decision support tools
for healthcare professionals involved in cancer care and reproductive medicine.
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Objectives
The current research had the following general and specific objectives:
1. To provide significant contributions to a shared decision-making process concerning
fertility preservation
1.1. To develop evidence-based, relevant and useful information resources directed for
cancer patients, to promote and support their participation in decisions in the setting
of infertility risks and fertility preservation.

1.2. To develop evidence-based, relevant and useful information resources directed for
oncologists and other healthcare professionals, to increase their awareness of
infertility risks and fertility preservation options and to promote discussion of these
subjects with cancer patients.
1.3. To cooperate in the development of national clinical guidance and in the successful
accomplishment of other national information and education initiatives concerning
infertility risks and fertility preservation options in cancer patients.
2. To support a more accurate infertility risk assessment in young female patients with
breast cancer

2.1. To systematically identify patient and treatment-related factors associated with the
recovery of ovarian function in young premenopausal female breast cancer patients,
after exposure to chemotherapy.

2.2. To assess the impact of modern treatment combinations for breast cancer
(chemotherapy and/or targeted therapy and/or hormonal therapy) on reliable markers
of ovarian reserve.

2.3. To evaluate the reproductive health outcomes of young premenopausal patients with
breast cancer exposed to modern treatment combinations (chemotherapy and/or
targeted therapy and/or hormonal therapy) and to identify patient and treatmentrelated factors that help to predict those outcomes.
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Methods
Detailed information about the methods used in this investigation is included in each chapter
of the Results section.
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Abstract
Purpose: Infertility is a potential adverse effect of cancer treatment, and future fertility is an
important issue for cancer patients. In Portugal, the Centre for Fertility Preservation of CHUC,
EPE, conducted a project to develop and disseminate oncofertility information resources.
Here, we report the results of the specific component of this program, which intended to
produce information resources that promote patients’ awareness of the subject and to
support decisions concerning fertility preservation.
Methods: Guidance for writing health information for patients and criteria for developing
decision aids were gathered. Information needs were assessed (literature review and locally
applied questionnaire). Resources were pre-tested with a sample of patients and
professionals. Their readability, presentation quality and ability to support decisions were
evaluated.
Results: General information handouts on infertility risk and decision aids about fertility
preservation options were developed and positively evaluated. The resources are currently
being distributed in collaboration with several national organizations.
Conclusions: Through our multidisciplinary information program, reproductive-age cancer
patients now have access to relevant information resources that will support timely, shared
decision-making concerning fertility preservation.

Introduction

Infertility is a potential adverse effect of antineoplastic cancer therapy. The degree of gonadal
toxicity from chemotherapy is influenced by several factors, such as patient age, total dose
administered and the nature of antineoplastic agents.1, 2 The possibility of an early diagnosis
and considerable advances in cancer treatment, along with a rising incidence of cancer in
teenagers and young adults, has led to an increase in the number of cancer survivors of
reproductive age. In addition to facing the consequences of the disease, these patients will
have to address the consequences of cancer treatments for their fertility.3 It is recognized that
future fertility is an important issue for these patients; 4 therefore, shared decisions concerning
fertility preservation (FP) must occur at the time of diagnosis.
In this context, oncofertility, a term coined in 2006 by Teresa Woodruff, has recently emerged
as a multidisciplinary field with the purpose of fulfilling the needs of cancer patients regarding
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their reproductive potential.5 Several professional organizations in the field of oncology have
published recommendations regarding FP, advising health professionals to discuss infertility
risks and FP options with all cancer patients of reproductive age.6, 7 However, a number of
published studies indicate that not every oncologist is following these orientations and that a
considerable proportion of cancer patients is still not informed about the risks and possibilities
regarding FP.8-13 Moreover, surveys of reproductive-age cancer patients and survivors disclose
gaps in the information received about the opportunity of preserving fertility, the techniques
available or the possibility of consultation with a reproductive medicine specialist.14-17
Decisions regarding FP, especially for female cancer patients, are complex and preferencesensitive, i.e., they need to consider patients’ values for benefits and harms across options.

18

All options come with risks and success rates and decisions concerning FP often have to be
made in a short time frame, along with other treatment decisions and in a period of a great
emotional distress. Several patient-related factors contribute to a quality decision-making
process, including patients’ values and attitudes, support from family and friends and the
acquisition of information.19,

20

Information resources conceived to support decisions in

healthcare such as decision aids 21, 22 or decision trees 23 provide a more clear understanding of
the available options, facilitate discussions and increase patients’ and professionals’
involvement in the decision-making process.
In the specific setting of infertility risk in cancer patients, the access to specialized information
concerning FP improved patients’ knowledge of the available options 24 and reduced decisional
conflicts.25
In Portugal, oncofertility is of increasing importance in the context of quality of life in cancer
survival. Recently, several Portuguese scientific societies, including the Sociedade Portuguesa
de Medicina da Reprodução (Portuguese Society of Reproductive Medicine, SPMR) and the
Sociedade Portuguesa de Oncologia (Portuguese Society of Oncology, SPO), in cooperation
with the national hematology and andrology professional societies, published and endorsed
the “Portuguese Recommendations for Preserving the Reproductive Potential of Cancer
Patients”.26 This document was the final outcome of the 1st and 2nd Portuguese Oncofertility
Meetings in 2015 and 2016. The Portuguese Centro de Preservação da Fertilidade (Centre for
Fertility Preservation, CFP) of Coimbra Hospital and University Centre (CHUC), EPE, was a
leader in this process and has been working actively since 2012 to promote local and national
awareness of oncofertility. In cooperation with the Liga Portuguesa Contra o Cancro
(Portuguese League Against Cancer, LPCC), a Portuguese nonprofit cancer patients
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organization, the CFP conducted a project to develop and disseminate oncofertility
information resources, directed both to health professionals and cancer patients. Here, we
report the results of the specific component of this information program, which aimed to
produce information resources for cancer patients to promote their informed participation in
decisions in the context of infertility risks and FP.

2. Methods

2.1. Assessment of information needs
A literature search on Medline, through PubMed, was conducted to identify primary
quantitative studies evaluating cancer patients’ information needs or gaps in knowledge
concerning infertility risks and FP options. The search equation was built using the following
MeSH terms: Patient Education as Topic; Consumer Health Information/methods; Health
education; Antineoplastic Agents/adverse effects; Infertility, Female; Infertility, Male; Sperm
Banks; Cryopreservation; Reproductive Techniques, Assisted; and Fertility Preservation. The
eligible articles were retrieved, and their results were gathered and organized. Additionally, a
questionnaire directed to cancer survivors that had been diagnosed in reproductive age was
applied locally1. These self-reported, anonymous questionnaires were distributed by clinicians
in follow-up consultations at several clinical departments of CHUC, EPE. Demographic,
reproductive and clinical information was requested. Participants were asked to rate, on a 5point Likert scale (ranging from Not important to Extremely important), their self-perceived
importance of discussing specific information topics regarding infertility risks and FP before
cancer treatment initiation. An additional question queried patients on the usefulness of
several information strategies (from Not useful to Extremely useful). The study received
approval from the local ethical committee, and the questionnaire was previously tested in a
small group of cancer survivors. Patients were informed of the objectives and methods of the
study, and all participants signed written consent.
2.2. Development of information resources
The information resources were designed to target cancer patients of reproductive age (18 to
40 years) with a recent cancer diagnosis (any type of cancer) before treatment initiation. To

1

This self-reported questionnaire was developed and administered in collaboration with Cláudia Melo, as the responsible researcher of a PhD project
on Health Psychology about fertility preservation.
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include relevant, yet specific, information for each gender (for instance, about fertility
markers), distinct resources were developed for male and female patients.
Bearing in mind that the risk of infertility is not acknowledged by many cancer patients27-31 and
the complexity of the decision-making process regarding FP, particularly in women, two
different types of written patient information resources were planned: 1) general information
handouts with the aim of raising awareness of the effects of cancer and cancer treatments on
fertility; 2) decision aids with the aim of supporting decisions in the context of FP.
With the purpose of producing quality written health information materials, searches were
conducted in Medline, through PubMed, to find general guidance for writing health
information for patients. For the specific production of the decision aids, the criteria included
in the DISCERN instrument32 (http://www.discern.org.uk/index.php) were taken into account.
DISCERN consists of 16 key questions intending to evaluate the reliability of the publication,
the information provided about treatment choices and its overall quality. This tool was
designed to help users of consumer health information judge the quality of written
information about treatment choices but can also be used as a checklist for authors and
producers of written consumer health information.
Published evidence on infertility risks and FP options in cancer patients was identified and the
most current evidence-based knowledge on clinical indications, time requisites, success rates,
risks and advantages/disadvantages of each FP technique was gathered.
2.3. Evaluation of information resources
Readability
Readability is a measure of the facility with which a text is read, according to the length of
words and sentences. Preliminary versions of the information resources were tested for
readability using the Fernandez-Huerta index, a modified version of the Flesch Reading Ease
score for the Spanish language.33 In the Flesch Reading Ease score, the results range from 0
(the worst level, very difficult to read) to 100 (the best readability level). Usually, a reading
ease of 60-70 is considered standard (Table 1.1).34
The number of words and syllables was estimated using the software TextMeter, an
application of text statistics for the Portuguese language. After the first readability results,
improvements were made by using alternative, shorter words and building less complex
sentences.
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Table 1.1 Flesch Reading Ease scores and corresponding readability and school levels.
Flesch Reading Ease
score

School level

Readability level

(Easy to read for…)

0-30

Very difficult

College graduate (University degree)

30-50

Difficult

College (University student)

50-60

Fairly difficult

10th-12th grade (High school graduate)

60-70

Standard

8th-9th grade

70-80

Fairly easy

7th grade

80-90

Easy

6th grade

90-100

Very easy

5th grade

Pre-test
The first drafts of both the general information handouts and the decision aids were provided,
along with an evaluation form, to reproductive-age cancer patients and survivors by
oncologists and psychologists in fertility preservation and follow up consultations. They were
also evaluated by a variety of healthcare professionals with direct or indirect involvement in
the care of reproductive-age cancer patients (Table 1.2). These groups evaluated the content,
language and layout of both information resources. Additionally, the ability of the decision aids
to support shared decisions was assessed by asking if the different options were presented in a
balanced way; if the information on each option was sufficient; and if the information would
increase the knowledge about the options, help patients to discuss the options with their
oncologist and promote their participation in decisions.

Quality
The quality of the information resources was assessed using EQIP (Ensuring Quality
Information for Patients), a tool designed to measure the presentation quality of all types of
written health care information,35 and the above-mentioned DISCERN instrument.32
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Table 1.2 Evaluation criteria and evaluation groups used to pre-test the information resources.
Evaluation criteria

Evaluation groups

Patients
• Female cancer patients (n=3)
• Female cancer survivors (n=6)
• Male cancer survivors (n=3)
Cancer care professionals
GENERAL INFORMATION HANDOUTS
• Content (usefulness, completeness,
organization)
• Language
• Layout (colors, titles, highlights, fonts)

• Psychologists (n=1)
• Hospital pharmacists (n=2)
• Oncologists (n=2)
• Hematologists (n=1)
• Gynecologists (n=2)
Human reproduction professionals
• Reproductive medicine specialists (n=2)
• Nurses (n=2)
Other healthcare professionals
• Community pharmacists (n=2)
Patients
• Female cancer patients (n=3)
• Female cancer survivors (n=6)

DECISION AIDS
• Content (usefulness, completeness,
organization)
• Language
• Layout (colors, titles, highlights, fonts)
• Ability to support decisions
• Usefulness for clinical practice (health
professionals)

• Male cancer survivors (n=3)
Cancer care professionals
• Psychologists (n=1)
• Hospital pharmacists (n=2)
• Oncologists (n=2)
• Hematologists (n=1)
• Gynecologists (n=2)
Reproductive health professionals
• Reproductive medicine specialists (n=2)
• Embryologist (n=1)
• Nurses (n=2)

A flow diagram showing the sequence of steps in the development process can be seen in
Figure 1.1.
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Figure 1.1 Flow diagram showing the sequential steps in the development of information resources.

3. Results

3.1. Information needs
In accordance with the defined eligibility criteria, ten published articles were selected and
analyzed.27-31; 36-40 Data on methods and results on reported patient information needs or gaps
in knowledge were collected from each individual article and are presented in Table 3.

Table 1.3 Data on studies identifying cancer patients’ information needs or gaps in knowledge
concerning infertility risks and FP options.

Reference

Armuand GM.
J Clin Oncol
2012;
30:2147-5327

Title

Sex differences in
fertility-related
information received
by young adult
cancer survivors

Methods

Information needs / gaps in

(sample)

knowledge identified

Postal questionnaire
sent to cancer
survivors identified in
population-based
registers in Sweden

• Effects of cancer treatments on
fertility
• Effects of cancer treatments on
future children

(n=484)
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Title

Methods

Information needs / gaps in

(sample)

knowledge identified
• Success rates of FP techniques

Balthazar U.
Fertil Steril
2011;
95:1913–636

Fertility preservation:
a pilot study to
assess previsit
patient knowledge
quantitatively

Consecutive new FP
patients seen at the
University of North
Carolina completed a
pre-consultation
questionnaire (n=41)

• Effect of FP in cancer recurrence
• Effects of cancer treatments on
future children
• Costs of FP
• FP options before and after
cancer treatment
• Established versus experimental
FP options
• Time requirements for FP

The current fertility
Balthazar U.
Hum Rep
2012;
27:2413–1937

preservation
consultation model:
are we adequately
informing cancer
patients of their
options?

Web-based survey at
academic IVF centers,
including women aged
18–43 years seen for
comprehensive FP
consultation

• Pregnancy rates after FP
• Effect of FP on cancer recurrence
• Age as a very important factor
for FP success
• Maximum time of
embryo/oocyte cryopreservation
• Effects of oophorectomy in
future fertility

Jukkala AM,
Fertil Steril
2010;
94:2396-828

Self-assessed
knowledge of
treatment and
fertility preservation
in young women
with breast cancer

Online assessment of
knowledge in women
(18 to 50 years) with
history of breast
cancer (n=106)

• Effects of cancer and cancer
treatments on fertility
• Infertility treatments
• FP options

Development of the

Internet survey to

Karen M.

Fertility and Cancer

assess fertility

Oncol Nurs

Project: An Internet

knowledge of young

• Infertility treatments

Forum 2010;

Approach to Help

survivors of breast

• FP options

37:191-738

Young Cancer

cancer from eight

Survivors

countries (n=106)
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Reference

Title

Methods

Information needs / gaps in

(sample)

knowledge identified

It’s Now or Never:
Fertility-Related

• Effects of hormonal therapy on

Knowledge, DecisionMaking Preferences,
Peate M. J Clin
Oncol 2011;
29:1670-7

39

and Treatment
Intentions in Young
Women with Breast
Cancer—An
Australian Fertility

fertility
Survey of women
diagnosed with early
breast cancer and
reporting incomplete
families (n=111)

• Established versus experimental
FP options
• Effect of pregnancy on cancer
recurrence
• Success rates of FP techniques
• Time requirements for FP

Decision Aid
Collaborative Group
Study
Patient Satisfaction
with Physician
Discussions of
Scanlon M. J

Treatment Impact on

Cancer 2012;

Fertility, Menopause

3: 217-2529

and Sexual Health
among Premenopausal Women
with Cancer

Knowledge and
Schover LR. J

Experience

Clin Oncol

Regarding Cancer,

2002;20:1880-

Infertility, and Sperm

30

9

Banking in Younger
Male Survivors

Questionnaire applied
to pre-menopausal
women with cancer
diagnosis in 2 time
points (at enrollment

• Effects of cancer and cancer
treatments on fertility
• Effects of cancer and cancer
treatments on sexual function

and at 1-year followup) (n=104)

Postal survey sent to
men with a new
diagnosis of cancer at
14-40 years of age
(n=201)

• Effects of cancer and cancer
treatments on sperm quality
• Infertility risk in boys versus girls
• Amount of sperm needed for
infertility treatments
• Risk of cancer in future children
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Reference

Title

Methods

Information needs / gaps in

(sample)

knowledge identified
• Contraception
• Possibility of pregnancy after
cancer treatment

Fertility- and

Mail questionnaire

Thewes B. J

Menopause-Related

sent to women with a

Clin Oncol

Information Needs of

diagnosis of early-

2005;

Younger Women

stage breast cancer

23:5155-65 40

with a Diagnosis of

aged ≤ 40 years at

Early Breast Cancer

diagnosis (n=228)

• Effects of pregnancy on cancer
recurrence
• Risks/benefits of having children
after cancer
• Effects of cancer treatments on
future children
• Statistics on infertility risks
• Onset of infertility after cancer
treatments

Zebrack B.
Supp Care
Cancer
2008;16:1353–
60 31

Online survey of young
Information and

adults aged 18–40

service needs for

years and diagnosed

• Infertility risks

young

with cancer between

• Infertility treatments/services

adult cancer patients

the ages of 15–35
(n=217)

In relation to the identification of local information needs, a sample of 31 cancer survivors
answered and returned the questionnaire. It was not possible to calculate the response rate,
as the total number of questionnaires distributed to patients by clinicians is not known. The
mean age (± SD) of the participants was of 34.4 years (± 6.5), corresponding to a mean age of
26.6 years (± 7.5) at diagnosis. Most participants were females (n=27), and the most frequent
cancer diagnoses were lymphoma (n=9), breast cancer (n=8) and osteosarcoma (n=8). The
majority of survivors (n=23) had been treated with systemic chemotherapy. Almost one third
(n=10) reported effects of cancer treatments on fertility, and 15 answered that they did not
know or were unsure of those effects. Two patients used a fertility preservation technique
before treatment initiation, and three patients had children after cancer treatment. All topics
were rated as Extremely important to be discussed or Very important to be discussed by a
significant majority of participants (Table 1.4). Concerning the strategies that are useful to
inform cancer patients on these topics, consultation with a reproductive medicine specialist
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and the supply of information through written information resources or the Internet were the
most valued.

Table 1.4 List of information topics ordered according to the number of cancer survivors rating them as
Extremely important or Very important to discuss before treatment initiation (n=31).
Extremely important

Very important

Total

to discuss (n)

to discuss (n)

(n)

17

11

28

23

5

28

18

10

28

20

8

28

21

6

27

19

8

27

FP options before and during treatments

15

12

27

Available FP techniques

13

14

27

Advantages of FP techniques

14

13

27

Disadvantages of FP techniques

16

11

27

Interference of FP in cancer treatment

16

11

27

18

8

26

Success rates

14

12

26

Availability of FP specialists

14

12

26

17

7

24

15

9

24

15

9

24

Information topics
Risks of effects of cancer treatments for
future reproductive function/fertility
Risk of malformation in the offspring due
to cancer treatments
Possibility of having children after cancer
Type of effects of cancer treatments on
reproductive function/fertility
In women, risk of cancer recurrence due
to pregnancy
Risk of genetic transmission of cancer to
the offspring

Duration of effects of cancer treatments
on reproductive function/fertility

In women, risk of early menopause due
to cancer treatments
Costs
How

long

the

cryopreserved

gametes

can

stay

FP – fertility preservation
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3.2. Information resources
The contents of the information resources were developed with our previously mentioned
purposes in mind (section 2.2) and the information needs most frequently identified in the
international literature and/or reported by the local sample of survivors.
General criteria for writing health information for patients were collected from several
published guidance documents41-42 and organized according to the following themes: content
(e.g., clearly defined aim), language (e.g., avoid paternalism and value judgements, use active
voice, avoid technical terms), organization (e.g., use bullets and write short, single idea
paragraphs), layout and graphics (e.g., avoid uppercase and italic, align text to the left),
illustrations (e.g., use only to improve understanding) and learning and motivation (include
interactive materials). These criteria supported the process of writing and organizing the
information content (Table 1.5).
Table 1.5 – List of adopted quality topics and criteria for writing information for patients.
Quality topic
Content

Criteria
Clearly defined aim
Focus on behavior changes

Language

Avoid paternalism and value judgements
Readability level appropriate for 7th grade, at most
Avoid technical terms, abbreviations, complex words
Use active voice and conventional speech

Organization

Present the most relevant message first
Use subtitles
Use bullets
Organize related information in lists
Include five items, at maximum, in each list
Write short, single idea paragraphs
Summarize main ideas at the end of section/handout

Layout and Graphics

Use font size 12, at minimum, and sans serif type
Avoid uppercase and italic
Use bold only to highlight
Contrast font with background
Align text to the left
Choose two different font types, at most

Illustrations

Used only to improve understanding
Avoid complex line drawings
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Quality topic

Criteria
Use legends

Learning and Motivation

Include interactive materials

In the general handouts, the information was organized in the format of Questions & Answers
as a form of dividing text and making it more attractive to read.42 In the decision aids, after a
brief introduction discussing the relevance of shared decision-making regarding FP, contents
were structured according to the two main decision points: 1) the decision to use or not use a
FP technique; 2) when applicable, the decision of which FP technique to choose. In each
decision point, the positive and negative aspects of each option were presented. Moreover, in
the second decision point, detailed information on the procedures and target populations for
each FP technique was included. A third section was designed with a set of three questions &
answers regarding general issues such as costs, maximum length of cryopreservation and fate
of the non-used cryopreserved cells/tissues. Interactive components to increase learning and
motivation (i.e., a box that patients can use to write questions and a small knowledge quiz at
the end) were developed for all information resources. In the final section, other relevant
sources of information were presented, including the address of the CFP’s website and contact
numbers of national telephone helplines on cancer and oncofertility.
Table 1.6 and Table 1.7 display images of the front pages and briefly outline the contents
included in the handouts and decision aids, respectively. As the local sample of survivors
reported that provision of information through the Internet would also be a useful strategy,
the information contents were also adapted to be digitally displayed on the CFP’s website.
Table 1.6 Front pages, titles and information contents of the handouts informing of the possible effects
of cancer (and cancer treatments) on male and female fertility.
Front-page image

Title

Questions & Answers
▪ How to know if a woman/man is fertile?

Fertility in

▪ Is it possible to have children after cancer?

Men/Women

▪ When should the discussion with the doctor about

with Cancer:

the possible effects of cancer in fertility occur?

Know the

▪ How to know if fertility can be affected?

Risks

▪ How do cancer treatments affect fertility?
Surgery, Radiotherapy, Chemotherapy…
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Table 1.7 Front pages, titles and information contents of the decision aids for male and female cancer
patients to support shared decision-making about FP.
Front-page image

Title

Information contents
▪ What is “fertility preservation”?
▪ What are the available options?
▪ Comprehensive information on procedures,
indications, success rates and risks of each FP

Fertility in Men with
Cancer: Know the

technique;
▪ Answers to frequent questions regarding costs,

Fertility Preservation

conservation and disposal of the cryopreserved

Options

material;
▪ Other sources of information: websites, telephone
helplines;
▪ Interactive components: box to write questions;
knowledge quiz.
▪ What is “fertility preservation”?
▪ What are the available options?
▪ 1st decision – to preserve or not fertility –
positive and negative aspects of each option
▪ 2nd decision – which FP technique to choose comprehensive information on procedures,

Fertility in Women with

indications, success rates and risks of each FP

Cancer: Know the
Fertility Preservation
Options

technique;
▪ Answers to general questions regarding costs,
maintenance and disposal of non-used
cryopreserved material;
▪ Other sources of information: websites, telephone
helplines;
▪ Interactive components: box to write questions;
knowledge quiz.

3.2.1. Evaluation of the information resources

Readability
The final versions of the handouts informing of the possible effects of cancer (and cancer
treatments) on male and female fertility were rated by the Fernandez-Huerta readability index
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as fairly difficult (score of 51). Readability of the decision aids to support FP decisions was
classified as difficult, with scores of 46 for the male and 49 for the female decision aids.
Pre-test
In general, both cancer patients and healthcare professionals rated the information resources
as easy to read, with contents that are relevant, complete and well organized. Only a few
minor changes were necessary, mainly of language and sentence structure. Additionally,
decision aids were considered by all participants as useful for shared decision-making and
clinical practice.
Quality assessment
All information resources scored high on presentation quality, with EQUIP scores varying
between 77 and 89%. Consistent with the recommendations from this tool, the resources
produced are “ready for distribution and should be reviewed in two to three years”. According
to the criteria from the DISCERN instrument, the overall quality of the two decision aids
developed was high (4 or 5 scores in all questions). This rating means that the information
materials “are useful and appropriate sources of information about treatment choices and
have the ability to support the patient’s decisions”.
3.2.2. Publication and dissemination
The handouts informing of cancer and cancer treatment effects on male and female fertility
were published in 2015 by the LPCC, which is also circulating these resources through its
campaigns and website. With the collaboration of the Ordem dos Farmacêuticos – Secção
Regional de Coimbra (Portuguese Pharmaceutical Society – Center Regional Section; SRC-OF),
the handouts were also distributed to pharmacies all over the country, in order to reach the
population in a larger scale. More recently, the LPCC has also published the decision aids that
are being distributed to oncologists and other cancer care clinicians, reproductive medicine
specialists and fertility preservation centers, with the cooperation of SPMR and SPO.
Furthermore, all the produced information content is available, in Portuguese, on the website
of the Centre for Fertility Preservation of CHUC, EPE (www.centropreservacaofertilidade.pt).
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4. Discussion

We believe that our systematic method for the provision of patient information—assessing
information needs, providing information to meet those needs, pre-testing the information
resources with the target population and assessing their quality with validated instruments—is
a sound approach to facilitate decision-making among cancer patients in the context of
infertility risks and FP options. Moreover, the use of quality decision aids that describe the
path of patient decision-making and the consequences of each separate decision will lead
patients to more informed clinical judgments.43-44
Our results indicate that the developed resources are relevant, reliable, and useful and have
the ability to support shared decisions in the context of FP. They were positively evaluated by
cancer patients, cancer survivors and health professionals working in the cancer and
reproduction settings and achieved high quality scores according to the instruments EQIP and
DISCERN. Concerning readability, the general handouts and the decision aids were scored as
fairly difficult and difficult to read, respectively, which means they are suitable for readers with
at least high-school grade levels. These low levels of readability are potential barriers for their
ability to inform patients and support shared decisions so it is important to further assess the
resources in real contexts of decision. Nevertheless, readability scores must always be
interpreted with caution. They assume that longer words and sentences are harder to read
and do not measure comprehension or indicate if the words are familiar to the reader. For
example, some recurrently used Portuguese words in the setting of reproduction and fertility
preservation, such as “espermatozoide”, “fertilidade” and “congelação”, are common and
easily understandable words, yet they negatively influence the readability scores because of
their many syllables. In the specific case of decision aids (scored as difficult to read), it will be
important to use direct measures of comprehension, such as their ability to promote shared
decision-making and to reduce decisional conflict.
The developed resources were designed to target adult patients in reproductive age faced with
a diagnosis of any type of cancer. Accordingly, no cancer-specific information about infertility
risks or fertility preservation options was included. Furthermore, they may not be suitable for
children or adolescents with cancer, since younger patients may have distinct needs and
preferences regarding the provision of information.45-46 It is also a fact that some of the
identified information needs remained unmet. Some topics were beyond the scope of our
resources (for instance, the effects of cancer in sexual function, contraception in cancer
patients or information about infertility treatments), while for others, the information would
98

Results

Chapter I

be influenced by the specific type of cancer (such as the risk of genetic transmission of cancer
to offspring and the risk of cancer recurrence due to pregnancy). Clearly, these are subjects to
include in upcoming information resources. Other limitations of our study are related to the
methods for the assessment of information needs. Due to time constraints, qualitative studies
were not included in the literature search, and the locally applied questionnaire had a small
number of participants.
We wish to highlight the multidisciplinary context in which this project has been carried out,
involving cancer patients and survivors, a cancer patients’ organization (LPCC), oncologists and
other cancer care professionals and professional and scientific societies in the fields of
oncology and reproductive medicine. We hope this intense cooperation will contribute to a
wider dissemination of the developed information materials to the various stakeholders in the
process of cancer care and to a more effective clinical implementation. Additionally, it is
important to note that information resources directed to oncologists were also developed in
the context of this program, including a main booklet with comprehensive contents, tailored to
the needs of clinicians working with cancer patients, and a brochure with summarized
contents intended for other cancer care professionals and primary care professionals.47
The developed resources are already available to the Portuguese population and to cancer
patients in several institutions all over the country. Our next step will be to evaluate the
resources with cancer patients using relevant measures such as acceptability, knowledge,
decision conflict or self-efficacy.

5. Conclusion
The need to inform cancer patients in an effective and timely manner of their infertility risks
and the possibility and options of FP is a recognized relevant issue in the context of quality of
life in cancer survival. Through a systematic approach and establishing a multidisciplinary
collaboration, information resources directed to cancer patients’ needs were successfully
developed and disseminated and will contribute to timely, shared and informed clinical
decisions in the context of FP.
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[Fertilidade no Homem com Cancro: Conheça os Riscos]
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Abstract
Infertility is a potential side effect of cancer chemotherapy. As the number of AYA-aged
survivors increases, future fertility becomes an important issue. However, many patients are
not adequately informed and oncologists point the lack of information as a barrier to
discussion. Our aim was to produce information materials, tailored to oncologists’ needs to
promote and support discussion on infertility risk and fertility preservation with AYA-aged
patients.
After literature review, information materials were successfully developed and are currently
being distributed to healthcare professionals, in Portugal, with the collaboration of several
national organizations. These information materials will contribute to shared, informed
decisions regarding fertility preservation in AYA-aged patients.
1. Introduction
Infertility is a recognized potential adverse effect of several cancer treatments. In relation to
chemotherapy, the degree of gonadal toxicity is influenced by several factors such as the
nature of antineoplastic agents, total dose administered and patients’ age.1,2 Additionally, the
number of AYA-aged survivors is increasing, as a consequence of earlier diagnosis and
significant progresses in cancer treatment.1,3 Besides the repercussions of the disease, these
patients will have additional concerns related with the effects on their future fertility. Several
studies document that future fertility is an important issue for cancer patients and survivors4-6
and, therefore, shared decision concerning fertility preservation (FP) must take place at the
time of diagnosis. In this context, oncofertility, a term created in 2006 by Professor Teresa
Woodruff, has emerged as a multidisciplinary field with the purpose to fulfil the needs of AYAaged patients regarding their reproductive potential.7
According to recommendations of international organizations on cancer care, namely the
European Society of Medical Oncology (ESMO)8 and the American Society of Clinical Oncology
(ASCO),9 healthcare providers should address infertility risks with all cancer patients treated
during their reproductive years. Moreover, they must be prepared to discuss FP options or to
refer potential patients to reproductive medicine specialists. Despite the above
recommendations, several international studies indicate that professionals caring for cancer
patients do not address these issues and a considerable proportion of AYA-aged patients is not
informed on the possibilities regarding FP.10–13 The main reasons reported by health
professionals were the lack of knowledge, access to reproduction specialists, and information
on FP options, especially those remaining experimental. Patient-related factors such as bad
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prognosis, terminal disease, or the need to postpone treatments were also pointed to
contribute.11
In Portugal, the oncofertility area is taking its first steps. Nevertheless, a variety of techniques
for male and female FP are available at a few specialized institutions of the National
Healthcare System, including the Centre for Fertility Preservation (Centro para a Preservação
da Fertilidade, CPF) of CHUC, EPE, in Coimbra. Recently, the Sociedade Portuguesa de Medicina
Reprodutiva (SPMR; Portuguese Society of Reproductive Medicine) endorsed the organization
of the first and second Portuguese Oncofertility Meetings, with the purpose of implementing
an integrated national practice concerning FP for cancer patients. In this process, the CFP has
been at the front line, actively promoting awareness of this new field and disseminating
information regarding infertility risks and FP options both to AYA-aged patients and healthcare
professionals. One specific objective of this information program was the production of
information materials for Portuguese cancer care professionals, tailored to the respective
reported information needs, to promote and support discussion with AYA-aged patients on the
topics of infertility risks and FP.

2. Methods
2.1 Assessment of information needs
To identify worldwide reported information needs, a literature search was conducted on
Medline, through PubMed, combining the following MeSH terms: Neoplasms, Antineoplastic
Agents/adverse effects, Fertility/drug effects, Fertility Preservation, Sperm banks, Health
Knowledge, Practice, and Attitude of Health Personnel. Quantitative studies reporting
oncologists’ information needs or gaps in knowledge concerning infertility risks and FP or
barriers to FP implementation were selected and critically evaluated.

2.2 Production of information
Information contents were selected to accomplish two main objectives: 1) to alert for the need
to discuss infertility risks with patients and to help healthcare professionals estimating those
risks; 2) to promote knowledge on the available male and female FP options. The latest
published evidence on infertility risks associated with cancer treatments was identified
through literature search, namely regarding mechanisms and adverse effects of cancer
treatments on fertility, factors associated with infertility risk and tools available for risk
calculation. Regarding FP techniques, current evidence-based information on clinical
indications, time requisites, success rates, risks and advantages/disadvantages of each FP
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technique was gathered, also by literature search. Published clinical guidelines on FP in cancer
patients were also identified.
A main booklet directed to clinicians working with cancer patients with comprehensive
contents was prepared. This professional group presents the greatest information needs as
they have the responsibility to initiate FP discussion with patients and referencing them to FP
specialists. A booklet with summarized contents was also produced and intended to inform
other healthcare professionals working in the cancer setting. This resumed booklet is also
intended to primary care professionals, which many times make the first contact with AYA
cancer patients, so that they can promote awareness of the FP subject.
3. Results
3.1 Information needs
Twelve (12) published articles were selected and analyzed.13-24 Data on methods and relevant
results (reported information needs, gaps in knowledge or barriers to FP discussion) was
collected from each individual article (Table 1.8).
Table 1.8 Studies concerning information needs, gaps in knowledge and barriers to FP implementation
reported by oncologists.

Title

Methods

Information needs/gaps in

(sample)

knowledge/barriers to FP

Oncologists’ Attitudes and

A postal survey was sent to

FP options costs; FP facilities; risk of

Practices Regarding Banking

718 oncology staff

infertility in male versus female

Sperm Before Cancer

physicians and fellows

patients; treatment delay needed for

(n=162).

FP

Treatment

13

Fertility preservation in

FP options, specially testicular

cancer survivors: a national

National online survey of

cryopreservation and ovarian

survey of oncologists’ current

oncologists

cryopreservation; FP techniques

knowledge, practice and

(n=100).

success rates; FP in patients with

attitudes

14

hormonally sensitive malignancy
Paediatric oncologists

Do doctors discuss fertility

prospectively completed a

FP options in pre-pubertal patients;

issues before they treat

data form for each new

Experimental/established FP

young patients with cancer?15

patient registered over a 12

techniques; facilities available for FP

month period (n=1030).
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Title

Methods

Information needs/gaps in

(sample)

knowledge/barriers to FP
Success rates; low awareness of

Strategies for Fertility
Preservation after
chemotherapy: Awareness
among Irish cancer

published guidelines; available
Online questionnaire to

facilities for FP; treatment delay

cancer specialists (n=50).

needed for FP; FP in patients with
estrogen receptor (ER) positive

specialists16

disease
Infertility risk estimation; risks of
National sample of medical

pregnancy for the woman and the

Oncologists’ confidence in

oncologists,

fetus; surgical techniques to protect

knowledge of fertility issues

hematology/oncologists,

the ovaries from radiation; new IVF

for young women with

radiation oncologists and

stimulation protocols with less delay

cancer17

gynecologic oncologists

of cancer treatment or less estrogen

(n=344).

exposure; cryopreservation of
ovarian tissue and oocytes

A nationwide survey of

Email survey to a database

oncologists regarding

of oncologists at the top 25

treatment-related infertility

cancer hospitals as ranked

and fertility preservation in

by U.S. News & World

female cancer patients18

Report (n=249).

Who should be offered
sperm banking for fertility
preservation? A survey of UK
oncologists and
haematologists19

Risk of gonadotoxicity from specific
regimens

Post questionnaire to all
members of the Royal

Need to offer sperm banking to

College of Radiotherapists’

patients before they go through

Faculty of Oncology and the

chemo- or radiotherapy; treatment

British Society for

delay needed for FP

Haematology (n = 499).
Risks of infertility in boys versus girls;

Attitudes and Practices of
Pediatric Oncology Providers
Regarding Fertility Issues20

Survey to healthcare

risks of ovarian failure in pre-

providers in a pediatric

pubertal versus post-pubertal girls;

hematology/oncology clinic

FP techniques in pre-pubertal girls;

(n=30).

risk of cancer or birth defects in the
offspring of cancer survivors

132

Results

Chapter I

Title

Fertility Preservation in
Women Undergoing
Treatment for Breast Cancer
in the U.K.: A Questionnaire
Study21

Methods

Information needs/gaps in

(sample)

knowledge/barriers to FP

Online questionnaire to
surgeons, oncologists, and
clinical nurse specialists who
manage patients with breast
cancer in the United
Kingdom (n=306).

Treatment delay needed for FP; FP
in patients with estrogen receptor
(ER) positive disease; FP options
available; interference of FP with
the success of cancer treatment

Results from the survey for
preservation of adolescent
reproduction (SPARE) study:
gender disparity in delivery
of fertility preservation
message to adolescents with

Survey by email to all
members of a nationwide

FP in pre-pubertal patients; low

pediatric oncology

awareness of published guidelines

subspecialty group (n=180).

cancer22
Fertility preservation among

Prospective survey amongst

patients with cancer: report

oncologists working in

of a French regional practical

Provence Alpes Côte d'Azur

experience23

region (n=225).

FP options available and indications

Questionnaire to Ontario
Fertility Preservation
Practices Among Ontario
Oncologists24

physicians with specialties in
medical oncology, radiation
oncology, gynecologic

FP specialists for referral; FP costs

oncology, and urology
(n=152)

3.2 Information contents
All the identified information topics were included in the main booklet, named “Oncofertility Fertility Preservation in Cancer Patients”. In this booklet, contents were organized in 4 main
sections:
Section 1. Why the need for fertility preservation in cancer patients?
In this first section the relevance of oncofertility in the present context is discussed. Moreover,
information on the topics of fertility outcomes of cancer survivors, evaluation of reproductive
potential and (in)fertility markers, risk factors for infertility in cancer patients and infertility
risks associated both with cancer and cancer treatments is also provided.
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Section 2. How can cancer patients’ fertility be preserved?
This section includes the following sub-sections: Preserving fertility: which patients and when?;
Male fertility preservation techniques; Female fertility preservation techniques (organized
according to their classification as established and experimental); Other FP procedures
(ovarian transposition, GnRH agonists administration). For each FP technique information is
provided regarding procedure, classification as established/experimental, indications (for
whom and when), time requisites, success rates, risks for man/woman and offspring, ideal
time for conception/pregnancy, using the cryopreserved cells/tissue and costs.
Section 3. Questions & Answers
For the most frequently reported topics, information was reinforced in a series of Questions &
Answers (total of 15). Some examples are FP in estrogen-positive breast cancer (Which FP
techniques are available for hormone-sensitive tumors?), FP in pre-pubertal patients (Which
FP techniques are available for pre-pubertal patients?), time requisites for FP (Is there a need
to postpone cancer treatments to allow for FP procedures in a cancer patient?), available
guidelines (Are there national or international guidelines on FP in cancer patients?), patient
referral (What is the procedure for referencing patients to a FP consultation?) or established
versus experimental techniques (Which FP techniques are acknowledged as established
medical practice?),
Section 4. Information Tools
A variety of practical tools were developed and included in this last section, including a
compilation of electronic tools to estimate infertility risks, the infertility risk tables published
by ASCO in 2013 (translated and adapted to Portuguese), a list of published international
guidelines regarding FP in oncology and a comparative table of the female FP techniques. In
addition, a list of recommended e-books and review articles was prepared.

3.3 Information dissemination
The materials produced are being distributed with the collaboration of the Liga Portuguesa
contra o Cancro (LPCC; Portuguese League Against Cancer), a nonprofit cancer patients
organization, the Sociedade Portuguesa de Medicina Reprodutiva (SPMR; Portuguese Society
of Reproductive Medicine), the Sociedade Portuguesa de Oncologia (SPO; Portuguese Society
of Oncology) and the Ordem dos Farmacêuticos (OF; Portuguese Pharmaceutical Society). The
LPCC published the summarized booklet and is disseminating both materials to primary care
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and cancer care health professionals, through its website and promotion campaigns. This
smaller booklet is also being distributed to the Portuguese hospital and community
pharmacists through the efforts of the OF. The comprehensive information booklet was
printed with the support of the SPMR and is being distributed in cancer care institutions and to
oncologists with the collaboration of the SPO. Moreover, all information contents of the
produced materials are available through the website of the Centre for Fertility Preservation of
CHUC, EPE (www.centropreservacaofertilidade.pt), in Portuguese.

4. Discussion
It is important to note that information materials directed to AYA-aged cancer patients were
also developed in the context of this program, including decision aids to support the decision
of preserving fertility (or not) and the choice of the FP technique (results to publish).
Moreover, we would like to highlight the multidisciplinary context in which it this project has
been out, involving oncologists, reproductive medicine physicians, pharmacists, psychologists
and the professional societies from the mentioned areas. This cooperation will certainly
contribute to a wider dissemination of the developed information materials to the various
intervenients in the process of cancer care and to a more effective clinical implementation.
Although the present information materials have been developed based on the internationally
reported needs, the identified information topics are in accordance with the results from a
locally applied questionnaire to a sample of 37 oncologists (response rate of 50%) from two
hospitals in the center region of Portugal (unpublished results). Answers came mainly from
clinicians working in CHUC EPE, although a few more were filled by oncologists in the Coimbra
Regional Institute of Oncology (IPO Coimbra). The participants were mainly female clinicians
n=25) with a mean age of 43 years. Several medical specialties were represented, with
preponderance of clinicians from the clinical haematology (n=13), gynaecology (n=13) and
oncology (n=4) specialties. The results of this investigation point towards the need for more
information about infertility risks and FP in cancer patients, in order to improve clinical
practice. In a scale of Not important (0) to Extremely important (4), most topics (9/12) had a
mean score above 3 (Very important) and the topics Types of cancer treatments associated to
a greater risk (mean score 3.32 ± 0.63), Interference of FP techniques with cancer were those
with higher rates (mean score 3.32 ± 0.85), Available FP techniques (mean score 3.22 ± 0.79)
and Factors influencing the risk of infertility (mean score 3.16 ± 0.76) were the ones with
higher mean scores.
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The developed information materials will support the role of cancer care professionals as
patients’ educators, increasing their participation in clinical decisions. Additionally, health
professionals working in primary care settings can significantly raise awareness of this relevant
subject, as they are in a privileged position to disseminate information to the general
population.
The next step will be to disseminate these materials to other Portuguese language countries
and the translation to English and French. Moreover, it is our intention to perform, in
cooperation with the SPO, an evaluation study of cancer care clinicians’ perceptions on the
relevance, reliability and completeness of contents and on the usefulness of this information
for their clinical practice.

5. Conclusions
The opportune information of AYA-aged cancer patients on their risk of infertility and the
possibilities concerning FP is recognized as a highly relevant issue, in the context of cancer
survival quality of life. Our work confirms the significant information needs of oncologists on
these subjects and, by fulfilling those needs, contributes to timely, shared and informed
clinical decisions on FP.
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1.2.2 Published information resources for healthcare professionals

Information booklet for healthcare professionals

Fertility Preservation in Cancer Patients: General Information for Healthcare
Professionals
[Preservação da Fertilidade em Doentes Oncológicos: Informação Geral para

Profissionais de Saúde]
Cristina Silva, Ana Teresa Almeida-Santos, Ana Cristina Ribeiro Rama
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Information booklet for oncologists

Fertility Preservation in Cancer Patients
[Preservação da Fertilidade em Doentes Oncológicos ]
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Chapter II
Participation in the development of clinical guidance and other
national education and information initiatives concerning
infertility risks and fertility preservation in cancer patients
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Preamble

The concept of oncofertility was introduced in 2006 by Professor Teresa Woodruff and
describes an integrated network of clinical resources that are focused on developing methods
to spare or restore reproductive function in patients diagnosed with cancer. The Oncofertility
Consortium was subsequently founded to address the questions that exist at the intersection
of oncology, reproductive medicine, and the public. This consortium integrates the bench
(basic and social research sciences), the bedside (clinicians and clinical researchers), and the
community (the humanities, law, and education) in an overarching program, representing a
new way to approach a previously intractable problem (Woodruff 2010).

The Centre for Fertility Preservation (CFP) is located at the Reproductive Department of the
Coimbra Hospital and University Centre (CHUC, EPE). It was created in 2010 to fulfil the
reproductive needs of patients undergoing treatments possibly threatening to their
reproductive function and it is, currently, the only public dedicated Centre for Fertility
Preservation in Portugal. In Portugal, FP in males is done since the 90’s in several public
institutions. However, the female FP techniques weren’t available before in the Portuguese
public practice so it was clearly important to do something to try to assure the biological
parenthood of the female patient too. Since 2010, the main goal of the CPF is to provide
reproductive monitoring and counselling to male and female patients from every part of the
country that are about to initiate possibly gonadotoxic treatments. This centre is the only one
in the country that provides all FP techniques to both men and women. The team includes six
physicians, one embryologist, one psychologist, and one pharmacist. Through a
multidisciplinary approach, the main goal is to provide reproductive monitoring and
counselling to male and female patients undergoing gonadotoxic treatments. Also, the Centre
aims to support patient’s decision-making process concerning fertility preservation and,
afterwards, their post-treatment reproductive decisions by the means of annual follow-up
consultations. Although most cancer patients are referred to the Centre by their oncologists, it
is important to note that a significant number of them ask for a consultation on their own
initiative. According to research conducted at the Centre, the opportunity to make a decision
about FP is stated by all cancer patients as crucial regardless they were or not referred by the
oncologist. This possibility gives them some hope and sense of control in a context that is
mainly overwhelming. Therefore, another goal of the Centre activities is to better inform
patients, health professionals and the general population about the possible impact of cancer

203

Results

Chapter II

(and cancer treatments) in fertility, the available techniques for FP and how to reach the team
in a timely and effective manner (Ataman, Rodrigues et al. 2016).
The CPF has also been at the front line of the oncofertility field in Portugal by actively
promoting awareness of this new field and disseminating information regarding infertility risks
and FP options, both to reproductive-age patients and healthcare professionals. Several
communication and research activities have been accomplished in the past years by the
members of the CFP’s team, often in partnership with other institutions, of which can be
highlighted:
-

Development of information resources;

-

Promotion and dissemination of the oncofertility concept and challenges in social
media, medical and cancer patients’ events;

-

Education activities about oncofertility (courses, workshops) intended for health
professionals;

-

Multidisciplinary meetings;

The Centre is also, since 2013, a global partner of the above mentioned Oncofertility
Consortium, and contributes to its aims of expanding research about fertility loss in patients
with cancer, accelerating clinical translation of FP techniques and addressing the complex
health care and quality-of-life issues that concern young patients with cancer whose fertility
may be threatened by their disease or its treatment (Ataman, Rodrigues et al. 2016). More
recently, during the years of 2015 and 2016, oncofertility has gained a new dimension in
Portugal with the organization by the Portuguese Society of Reproductive Medicine (Sociedade
Portuguesa de Medicina da Reprodução, SPMR) of the 1st and 2nd Portuguese Oncofertility
Meetings. These meetings had the purpose of initiating the discussion for future
implementation of an integrated national practice concerning FP in cancer patients. Other
medical societies involved in this process were the Portuguese Oncology Society, Portuguese
Haematology Society, Portuguese Andrology, Sexual Medicine and Reproduction Society and
the Portuguese Gynaecology Society. Recently, all the above mentioned Portuguese scientific
societies endorsed the published Recommendations for Preserving the Reproductive Potential
of Cancer Patients (Almeida-Santos, Sousa et al. 2016), as a final outcome of the above
mentioned national oncofertility meetings, a document herein reproduced and for which this
investigation gave foremost contributes, namely by providing summarized, up-to-date and
evidence-based information regarding the gonadotoxicity of cancer treatments and the
available FP options.
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In addition, during the time period from 2013 to 2017, this research team participated in a
number of initiatives, which are detailed in the second part of this chapter, in order to
disseminate the oncofertility concept in Portugal.
Almost six years after the beginning of this work, we believe that oncofertility is now a much
more acknowledged concept by Portuguese healthcare professionals. As a consequence, an
increasing number of young patients facing a cancer diagnosis will be aware of the risks for
their fertility that come with exposure to a variety of cancer treatments.
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Abstract
Objective: To provide updated information about the preservation of reproductive potential in
adult cancer based on the available evidence.
Methods: A review of literature published after 2006 was performed using the Medline and
PubMed. The evidence was analyzed by specialists from several medical societies; and
reflected upon on their clinical practice. After discussion on several working groups, a series of
recommendations were made.
Results: Scientific literature was reviewed and analyzed, as well as the recommendations and /
or guidelines published by international scientific societies. After reviewing the best scientific
evidence, the selected panel of experts prepared the recommendations to be implemented in
the Portuguese population. Recommendations were reviewed by the participating medical
societies, and comments incorporated when appropriate.
Recommendations: All health professionals should address with cancer patients, the risk of
infertility and preservation of their reproductive potential. The individual risk for reproductive
function of each patient depends on the type of cancer, age and treatment plan. It is very
important to define the infertility risk, and fertility evaluation before starting any preservation
technique of reproductive potential. In men, the most common and most effective option is
sperm cryopreservation, which can be obtained in 24-48 h. In women, the preferred option is
cryopreservation of oocytes that can be completed in 2 two to 4 four weeks. Referral must
take place as early as possible, right after a cancer diagnosis is established and the need to sue
a treatment with potentially detrimental effects on reproductive function is considered.

Resumo
Objetivo: Proporcionar informação atualizada baseada na evidência disponível sobre a
preservação do potencial reprodutivo em adultos com cancro.
Métodos: Revisão da literatura publicada após 2006, com recurso à Medline e PubMed. A
evidência foi analisada por especialistas das várias sociedades médicas e após reflexão
baseada na prática clínica diária e discussão em grupos de trabalho foram elaboradas as
recomendações.
Resultados: Foram revistos e analisados os artigos científicos, bem como as recomendações
e/ou orientações publicadas por sociedades científicas internacionais. Após revisão da melhor
evidência científica, o painel de peritos selecionado para o efeito elaborou as recomendações
a aplicar na população portuguesa. O texto esteve disponível para consulta pública e
contributos dos elementos das sociedades envolvidas, que foram integrados quando
adequado.
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Recomendações: Todos os profissionais de saúde devem abordar com o doente oncológico, o
risco de infertilidade e as possibilidades de preservação do potencial reprodutivo. O risco
individual de cada doente poder vir a sofrer alterações na sua função reprodutiva depende do
tipo de cancro, idade e do plano de tratamento. É muito importante proceder à estratificação
do risco de infertilidade e à avaliação da fertilidade antes de iniciar qualquer técnica de
preservação do potencial reprodutivo. Nos homens, a opção mais comum e mais eficaz é a
criopreservação de esperma que pode ser conseguida em 24-48 h. Nas mulheres, a opção
preferencial é a criopreservação de ovócitos que pode ser completada em duas a quatro
semanas. A referenciação deve ser o mais precoce possível, assim que esteja feito o
diagnóstico da doença oncológica e se estabeleça a necessidade de terapêutica
potencialmente lesiva da função reprodutiva.

1. Introdução
Nas últimas décadas tem-se assistido a um aumento das taxas de sobrevivência de doença
oncológica, apesar do aumento do número de novos casos de cancro por ano 1. De facto, os
avanços no diagnóstico precoce e no tratamento têm aumentado significativamente a
esperança de vida dos doentes oncológicos, permitindo um interesse crescente na promoção
da qualidade de vida na sobrevivência. Em Portugal, em 2009, a taxa de incidência de doença
oncológica era de 426,5 casos por 100000 indivíduos, o que corresponde ao valor mais elevado
alguma vez registado2. No entanto, Portugal é também indicado como um dos países europeus
com a taxa de sobrevivência aos cinco anos mais elevada em diferentes tipos de neoplasias,
como o melanoma e o cancro do cólon3.
Neste contexto, importa ter em conta que o tratamento sistémico do cancro prolonga a
esperança média de vida dos doentes, mas tem efeitos deletérios na sua função reprodutiva. É
de notar também que é cada vez mais provável encontrarmos um doente oncológico em idade
reprodutiva, dado o aumento da incidência de certos tumores em idades mais jovens4 e a
tendência atual para o adiamento do nascimento do primeiro filho para idades mais tardias5.
Mais ainda, muitas das neoplasias diagnosticadas em idades mais jovens necessitam, além do
tratamento cirúrgico, de tratamento sistémico ou de radioterapia. Em alguns casos, como nas
neoplasias hematológicas, a quimioterapia e a radioterapia são a base do tratamento.
Tendo em conta esta multiplicidade de fatores, o futuro reprodutivo dos jovens com doença
oncológica está ameaçado e é neste contexto que têm sido desenvolvidas e aprimoradas
técnicas de preservação da fertilidade. A oncofertilidade surge assim como uma nova área de
intervenção e investigação, que estabelece uma ponte entre a oncologia e a medicina da
reprodução e que a partir de “uma rede integrada de recursos clínicos, se foca no
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desenvolvimento de métodos para poupar ou restaurar a função reprodutiva dos doentes
diagnosticados com cancro”6. Apesar da tomada de decisão em relação à preservação do
potencial reprodutivo ser muitas vezes complexa e ocorrer num contexto particularmente
difícil e emocionalmente exigente perante o recente diagnóstico de cancro, os doentes
revelam a importância de poderem ter um papel ativo nesta decisão 7,8, num contexto
particularmente pautado por falta de controlo. Paralelamente, a parentalidade biológica após
a doença oncológica parece assumir muita importância para os sobreviventes. Por um lado,
apresentam mais motivações positivas para a parentalidade do que as pessoas saudáveis9 e,
por outro, perante o diagnóstico de infertilidade resultante dos tratamentos da doença
oncológica, evidenciam níveis elevados de sintomatologia psicopatológica, como ansiedade10 e
depressão11, por vezes, tão dolorosos como a notícia do diagnóstico da neoplasia12. De notar
que os doentes que tiveram a oportunidade de tomar uma decisão relativamente à
preservação da sua fertilidade junto de um especialista em medicina da reprodução revelam
uma melhor adaptação individual na sobrevivência13.
Apesar da importância que a fertilidade parece assumir para os doentes e sobreviventes, estes
revelam carências de informação sobre os riscos dos tratamentos da doença oncológica na
fertilidade, as formas de os tentar contornar e as preocupações associadas à gravidez após o
tratamento, o que pode levar a que não tomem uma decisão em relação à preservação da sua
fertilidade14. O oncologista tem sido apontado pelos doentes como a figura de suporte mais
valorizada neste processo e a informação por si transmitida é considerada crucial8. Por seu
lado, os oncologistas indicam diversos factores para a ausência ou insuficiência de debate da
fertilidade com doentes oncológicos, tais como tempo reduzido para a consulta, urgência no
tratamento da doença oncológica e a existência prévia de filhos15. No caso particular das
mulheres, a falta de confiança na eficácia das técnicas de preservação do potencial
reprodutivo é indicada pelos clínicos como desmotivadora do debate com as doentes sobre a
possível preservação da sua fertilidade8.
Neste sentido, as recomendações clínicas de várias sociedades de oncologia mundiais (e.g.,
American Society of Clinical Oncology, Clinical Oncological Society of Australia, European
Society for Medical Oncology, The European Society of Breast Cancer Specialists) têm vindo a
realçar a responsabilidade dos profissionais de saúde da área da oncologia em informar todos
os doentes oncológicos, aquando do seu diagnóstico, sobre o risco de infertilidade associado
aos tratamentos a que irão ser submetidos e sobre as formas de preservar o seu potencial
reprodutivo, devendo encaminhá-los, em caso de interesse, para médicos especialistas em
medicina da reprodução a fim de tomarem uma decisão em relação à preservação do seu
potencial reprodutivo 16,17,18,19.
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Em Portugal, os resultados preliminares de um estudo ainda em curso (Projeto 2ReproChoose)
estão de acordo com a literatura internacional e realçam a importância atribuída pelas
mulheres com cancro em idade reprodutiva, à discussão com o seu oncologista sobre o seu
futuro reprodutivo, nomeadamente acerca dos riscos de infertilidade futura e das opções de
preservação do potencial reprodutivo. Destaca-se também a valorização da preservação do
potencial reprodutivo por parte destas doentes20. Para além disto, os resultados deste
projecto salientam a importância atribuída pelos oncologistas à formação em oncofertilidade e
a escassa referenciação dos doentes para centros especializados21.
Paralelamente, é de realçar que a 7 de agosto de 2015 foi publicada no Diário da República (1ª
série-nº 153) a Resolução da Assembleia da República n.º 112/2015, que recomenda que o
Serviço Nacional de Saúde assegure a preservação de gâmetas de doentes que correm risco de
infertilidade secundária aos tratamentos oncológicos.
Neste contexto surgiu a necessidade do estabelecimento de recomendações clínicas que
suportem a discussão por parte dos profissionais de saúde da área da oncologia com os
doentes oncológicos em idade reprodutiva acerca da sua fertilidade futura, facilitando a sua
referenciação para centros que disponibilizem técnicas de preservação do potencial
reprodutivo masculino e feminino.

2. Impacto dos tratamentos oncológicos na fertilidade
Diversos estudos internacionais investigaram a fertilidade em sobreviventes de doença
oncológica, face a controlos saudáveis, e demonstraram que a probabilidade de estes doentes
produzirem descendência é significativamente inferior1,2,3,4. A fertilidade no sobrevivente de
cancro é influenciada por um conjunto de fatores inerentes ao próprio doente ou à sua
doença, mas também relacionados com o tratamento. Têm sido desenvolvidas algumas
ferramentas, para o cálculo estimado de risco de infertilidade, com base no tipo de neoplasia e
nos esquemas terapêuticos mais frequentemente utilizados (Tabela 2.1). Considera-se risco
elevado de falência gonadal permanente quando a probabilidade é superior a 80%, intermédio
quando entre 20 e 80% e baixo quando inferior a 20%5. Contudo, e apesar de estas
ferramentas permitirem aferir o impacto dos tratamentos na função reprodutiva, é importante
salientar que, mesmo para terapêuticas com baixo risco ou risco desconhecido, a preservação
do potencial reprodutivo deve ser discutida previamente ao início do tratamento oncológico,
de forma a permitir a implementação de técnicas para a sua preservação antes de qualquer
procedimento terapêutico.
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Mecanismos
Os tratamentos usados no contexto da doença oncológica (cirurgia, radioterapia e terapêutica
sistémica) podem ter influência sobre a fertilidade através de um ou mais dos seguintes
mecanismos.6,7
• Gonadotoxicidade direta, quando há lesão direta do ovário ou do epitélio seminífero no
testículo.
• Gonadotoxicidade indireta, quando as alterações interferem com o funcionamento do eixo
hipotálamo-hipófise-gónadas, sobretudo através do efeito na função endócrina.
• Alterações ao nível da função uterina na mulher, e das funções erétil ou ejaculatória no
homem, que podem ser causadas por irradiação pélvica ou por alguns tipos de cirurgia do
aparelho reprodutor.

Impacto por tipo de tratamento
Cirurgia
O local da cirurgia é o fator mais relevante, na medida em que as cirurgias dos aparelhos
reprodutores masculino (orquidectomia, sobretudo se bilateral, amputação do pénis e
prostatectomia) e feminino (histerectomia e ooforectomia bilateral), têm impacto direto na
função reprodutora, com possibilidade de infertilidade permanente. Também cirurgias
realizadas noutras zonas anatómicas poderão influenciar indirectamente a capacidade fértil
(ex.: linfadenectomia retroperitoneal nos doentes com neoplasia do testículo).
A cirurgia conservadora/preservadora de fertilidade deve ser oferecida, sempre que possível,
aos doentes em idade fértil e que manifestem desejo de vir a ter descendência. 8
Radioterapia
A radioterapia é utilizada no curso do tratamento de diversas neoplasias e pode ser aplicada
em campos que afetem os órgãos reprodutores8 (linfoma de Hodgkin, sarcoma de Ewing, e
outros).
As gónadas são muito sensíveis à radioterapia cujos efeitos gonadotóxicos dependem da dose,
do esquema de fraccionamento e sobretudo do campo de irradiação.8 Na mulher a
radioterapia pélvica, para além do risco de induzir falência ovárica, acarreta também o risco de
lesão uterina e/ou tubar, que podem ter implicações no sucesso de técnicas de procriação
medicamente assistida (PMA) e aumentam o risco de uma gravidez futura, a nível obstétrico e
neonatal.9 O risco de lesão uterina é maior em mulheres mais jovens. Por estes motivos, deve
ser sempre realizada proteção dos órgãos reprodutores não envolvidos pela doença
oncológica.8
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Os espermatozoides são extremamente sensíveis à radiação, independentemente da idade. As
células de Leydig, por outro lado, são altamente sensíveis à radiação antes do início da
puberdade8 enquanto no adulto se tornam mais resistentes. Após a radioterapia os homens
adultos podem manter a função das células de Leydig e a produção hormonal testicular,
apesar de se tornarem azoospérmicos. O elevado risco a nível da função testicular verifica-se
quando é efetuada irradiação corporal total (como acondicionamento para transplante de
medula óssea ou de células estaminais), e se a irradiação testicular é superior a 2,5 Gy no
homem adulto ou superior a 6 Gy nos rapazes pré-púberes. Para doses de radiação entre 1 a 6
Gy o risco é intermédio. A radioterapia cranioespinhal tem efeito sobre a hipófise, e em doses
superiores a 2,5 Gy tem também um risco intermédio de afetar a função reprodutora, com
possível alteração na produção hormonal, nomeadamente hormonas sexuais ou
gonadotrofinas.10

Tratamento sistémico
Quimioterapia
A quimioterapia sistémica na mulher pode originar depleção direta do pool folicular (no caso
dos agentes alquilantes), toxicidade celular por stress oxidativo (ciclofosfamida e antraciclinas)
ou lesão vascular (no caso da doxorrubicina)11.
No homem, os antineoplásicos causam predominantemente lesões no epitélio seminífero com
consequentes alterações da espermatogénese, embora também possam danificar as células de
Leydig, responsáveis pela produção de testosterona. Adicionalmente, o tratamento sistémico
da doença oncológica é potencialmente causador de mutações nas células germinativas12.
Terapêuticas biológicas
Existe ainda pouca informação sobre o impacto das terapêuticas biológicas na fertilidade.13 A
utilização de anticorpos monoclonais e de inibidores da tirosina-cinase na gravidez está
condicionada pelo seu risco teratogénico. O bevacizumab, anticorpo monoclonal anti-VEGF,
usado frequentemente em associação com quimioterapia sistémica em neoplasias do cólon,
condiciona taxas de falência ovárica na ordem dos 34%14.
Hormonoterapia
Na mulher a indução de amenorreia prolongada tem impacto na fertilidade devendo ter-se em
consideração que o próprio tratamento hormonal (cancro da mama) se associa
inevitavelmente ao envelhecimento ovárico.
No homem, apesar de ser maioritariamente utilizada em contexto de terapêuticas paliativas
num tumor que acomete maioritariamente homens mais velhos (cancro da próstata), existe
uma subpopulação em que a hormonoterapia pode ser utilizada como tratamento adjuvante à
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radioterapia prostática com intenção curativa. Nestes doentes, esta castração química leva
quase inevitavelmente à azoospermia, o que se poderá tornar relevante se o doente tiver
projetos de parentalidade futura.
Imunoterapia
Nos últimos anos tem-se assistido a um significativo desenvolvimento nesta área terapêutica.
Na prática clínica atual, a imunoterapia apenas tem sido usada no contexto da doença
avançada, irressecável ou metastizada. Contudo, dado ser uma área terapêutica emergente,
com a possibilidade de aplicação mais precoce num futuro próximo, entendemos fazer uma
reflexão sobre os dados existentes na literatura acerca do impacto dos vários tratamentos no
sistema reprodutor. Atualmente existem três grupos principais de terapêuticas dirigidas ao
sistema imune:
• Citocinas (interferon e interleucinas) – usadas há alguns anos, sobretudo no tratamento do
carcinoma de células renais e no melanoma metastizado.
• Anticorpos monoclonais ou pequenas moléculas inibidoras da tirosina-cinase (TKI’s) dirigidos
às chamadas moléculas checkpoints imunes (CTLA4) que desempenham um importante papel
na resposta imune mediada pelas células-T (ipilimumab, aprovado no tratamento do
melanoma avançado ou metastizado) ou anti-PD-1 (vemurafenib, pembrolizumab).
• Terapias celulares (linfócitos T ativados, linfócitos T citotóxicos, células natural killer ou
células dendríticas).
O impacto destas novas moléculas na fertilidade é mal conhecido15, contudo um dos
mecanismos que pode interferir com a fertilidade é a endocrinopatia imune.

Tratamentos combinados
A utilização concomitante de quimioterapia (QT) e radioterapia (RT) aumenta o risco de
infertilidade. Quando usados em conjunto (p. ex. no sarcoma de Ewing), a RT tem-se mostrado
a principal responsável pelo risco elevado de infertilidade.6
O transplante de medula óssea acarreta taxas de falência ovárica entre 72-100%, de acordo
com vários estudos.14 Estas taxas devem-se à utilização de irradiação corporal total ou
associação de ciclofosfamida e busulfano.16
Os tratamentos com iodo radioativo não são causadores de infertilidade (masculina ou
feminina), ou problemas durante a gravidez, nomeadamente abortos ou prematuridade. No
entanto, por precaução, deve ser evitada a gravidez durante o ano seguinte ao tratamento.17
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3. Técnicas de preservação e de protecção do potencial reprodutivo
Diversas estratégias foram propostas nos últimos anos para proteger e/ou preservar o
potencial reprodutivo nas mulheres e homens com cancro. A eficácia de algumas destas
técnicas está comprovada (técnicas estabelecidas), enquanto de outras ainda se encontra por
esclarecer (técnicas experimentais).

Mulher
Técnicas para preservação do potencial reprodutivo:
1. Criopreservação de embriões
A preservação do potencial reprodutivo através da criopreservação de embriões compreende
uma fase inicial de estimulação hormonal, seguida de punção folicular para recolha de
ovócitos e posterior inseminação por fecundação in vitro (FIV) ou por microinjeção de
espermatozoides (ICSI). Os embriões obtidos são então criopreservados. Quando o casal assim
o pretender, os embriões são descongelados e transferidos para o útero.
A opção pela criopreservação de embriões, apesar de clinicamente estabelecida e de eficácia
largamente comprovada (embora menor do que a taxa de gravidez por transferência a fresco
de embrião, que ronda os 40% em mulheres até aos 35 anos)1 pode limitar a autonomia
reprodutiva da mulher, já que os embriões resultantes só poderão ser utilizados pelo casal que
lhes deu origem. Por este motivo entendemos que esta opção não seja considerada em
primeira instância.
Em julho de 2015 o Conselho Nacional de Procriação Medicamente Assistida emitiu uma
recomendação que desaconselha a criopreservação de embriões para preservação do
potencial reprodutivo.
2. Criopreservação de ovócitos
Em outubro de 2012 a Sociedade Americana de Medicina da Reprodução retirou o rótulo de
“experimental” à criopreservação de ovócitos2, passando a ser considerada uma técnica de
preservação do potencial reprodutivo com eficácia bem estabelecida, depois de se ter
demonstrado que a vitrificação dos ovócitos permite taxas de sobrevivência após
desvitrificação superiores a 90%, não existindo diferenças nas taxas de fecundação, no número
de embriões de boa qualidade ou na taxa de gravidez clínica por ciclo relativamente aos
ovócitos utilizados a fresco2.
A preservação do potencial reprodutivo através da criopreservação de ovócitos compreende
uma fase inicial de estimulação hormonal, seguida de punção folicular e criopreservação por
vitrificação
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significativamente a sobrevivência dos ovócitos, as taxas de fecundação e a proporção de
embriões de elevada qualidade, face à congelação lenta.
A evidência mais recente indica que as taxas de fecundação e gravidez resultantes das técnicas
de Fertilização in vitro (FIV) e Injeção intracitoplasmática de espermatozoides (ICSI) são
similares quando se utilizam ovócitos frescos ou ovócitos vitrificados/desvitrificados, o que
atesta a eficácia da técnica de vitrificação3. Esta técnica tem uma eficácia aceitável e evita os
problemas éticos decorrentes do armazenamento de embriões de casais em que um dos
elementos sofre de doença oncológica.
Recentemente, a utilização de protocolos com antagonista da hormona libertadora de
gonadotrofina (GnRH) e de protocolos random start que permitem iniciar a estimulação
ovárica em qualquer fase do ciclo menstrual, tem-se revelado uma estratégia útil quando há
constrangimentos de tempo por necessidade de iniciar rapidamente tratamento
gonadotóxico4,5. Neste caso, todo o processo (estimulação hormonal, punção folicular e
criopreservação) pode ser concluído em cerca de duas semanas. Este protocolo pode mesmo
permitir a realização de dois ciclos de estimulação ovárica antes da quimioterapia, com o
consequente aumento do número de ovócitos criopreservados.
Para a criopreservação de ovócitos ou embriões é necessário realizar uma estimulação ovárica,
para recrutamento multifolicular, seguida de punção folicular para recolha de ovócitos.
Estes tratamentos acarretam um aumento suprafisiológico dos níveis circulantes de
estrogénios que impõem alguma cautela no caso de cancro da mama hormonossensível (com
expressão de recetores hormonais> 1%) (ver secção de situações clínicas). Existem, no
entanto, protocolos que associam às gonadotrofinas, o letrozol (um inibidor da aromatase)
com o intuito de reduzir os níveis plasmáticos de estrogénios nestas doentes6.
3. Criopreservação de tecido ovárico
Para a técnica de criopreservação de tecido ovárico deve ser realizada colheita de vários
fragmentos ou da totalidade do ovário por cirurgia laparoscópica. Não é consensual a
realização de ooforectomia ou mesmo salpingooforectomia, havendo autores que optam pela
realização de biópsias ováricas múltiplas.
A utilização do tecido criopreservado implica o transplante no ovário restante (transplante
ortotópico). Tem sido descrita a possibilidade de realizar o transplante em bolsa peritoneal ou
mesmo noutras localizações (transplante heterotópico).
Esta técnica, ainda considerada experimental, é a única que não exige estimulação ovárica
nem punção folicular, não implicando por isso qualquer adiamento do tratamento da doença
oncológica.
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De notar que a criopreservação de tecido ovárico não será uma boa opção nas doentes com
mutação germinativa patogénica BRCA ou outras mutações com risco associado de cancro
(Síndrome de Lynch, p53, ou outras), assim como em doentes com leucemia (ver secção de
situações clínicas). No futuro poderá recorrer-se a estratégias alternativas, como o isolamento
de folículos existentes no tecido criopreservado com subsequente maturação in vitro e
fecundação.
As maiores desvantagens da técnica são a necessidade de cirurgia e o risco de existência de
células tumorais no tecido criopreservado.
A criopreservação de tecido ovárico não deve ser efetuada após os 38 anos (dado que a
reserva ovárica nesta idade já será muito menor condicionando o sucesso de uma gravidez
futura).
Nota: O processo de tomada de decisão relativa à preservação do potencial reprodutivo é
particularmente complexo nas mulheres comparativamente com o dos homens, pois os
procedimentos são mais invasivos e um deles ainda experimental (em muitos casos o único
executável face à urgência de iniciar os tratamentos da doença oncológica) e é necessário
ponderar rapidamente, antes do início dos tratamentos da doença oncológica, vários fatores
de natureza sociodemográfica e clínica7.
4. Maturação ovocitária in vitro
Alguns centros realizam a colheita de ovócitos imaturos (sem recurso à estimulação ovárica e,
portanto, sem risco de elevação dos estrogénios plasmáticos) para posterior maturação
in vitro antes ou depois da vitrificação. Trata-se de uma alternativa cuja eficácia é difícil de
definir já que não existe uma ampla utilização desta técnica em doentes oncológicas. No
entanto, a eficácia da técnica tem sido demonstrada no contexto da realização de técnicas de
PMA em mulheres com síndroma dos ovários micropoliquísticos.

Técnicas para proteção do potencial reprodutivo:
1. Transposição ovárica (ooforopexia)
A transposição ovárica pode ser oferecida quando é necessário recorrer à radioterapia pélvica.
Contudo, existe o perigo da dispersão de radiação e os ovários podem não ficar
completamente protegidos. As mulheres devem ser avisadas que esta técnica nem sempre é
eficaz na preservação do potencial reprodutivo.
Esta técnica deve ser realizada o mais próximo possível da data planeada para o início do
tratamento devido ao risco de migração dos ovários8.
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2. Cirurgia ginecológica conservadora
A cirurgia conservadora do colo do útero (traquelectomia radical) pode ser oferecida a
mulheres com cancro cervical em estádios precoces e com lesões ≤ 2 cm, que pretendam
preservar a sua fertilidade.
No cancro do ovário em estádio inicial, a cirurgia conservadora (laparotomia exploradora,
anexectomia unilateral e estadiamento completo) pode ser considerada.
No tratamento de outras neoplasias ginecológicas, as intervenções para preservação do
potencial reprodutivo têm de respeitar o compromisso entre um adequado resultado
oncológico e a cirurgia menos radical possível com a intenção de preservar os órgãos
reprodutores tanto quanto possível.
3. Supressão da função ovárica
Têm sido publicados vários estudos acerca da eficácia dos análogos da GnRH e outras formas
de supressão ovárica para preservação do potencial reprodutivo com resultados
contraditórios9,10.
Estes ensaios têm tido dificuldades de recrutamento (amostras pequenas e heterogéneas em
termos de tratamento citostástico), definição controversa dos objetivos, além de que não é
consensual a segurança da administração de análogos da GnRH concomitante com a
quimioterapia10.
Recentemente, foi publicado o estudo POEMS (Prevention of Early Menopause Study), um
ensaio de fase III que, apesar de não ter concluído o recrutamento previsto, reforça a possível
eficácia dos análogos da GnRH na prevenção da falência ovárica associada à quimioterapia em
doentes com cancro da mama com recetores hormonais negativos11. Neste ensaio, as doentes
foram aleatorizadas em dois grupos: um grupo realizou terapêutica com agonista da GnRH
(Goserelina) em associação com a quimioterapia standard e outro grupo apenas
quimioterapia. As doentes realizaram esquemas de quimioterapia com ciclofosfamida, sendo o
esquema da escolha do investigador. As doentes incluídas no braço do agonista da GnRH
receberam goserelina na dose de 3,6 mg, por via subcutânea a cada quatro semanas, iniciando
uma semana antes da primeira dose de quimioterapia. A terapêutica foi mantida até duas
semanas antes ou após, a última dose de quimioterapia. Apesar das falhas metodológicas do
ensaio, foram publicados os resultados finais relativos às 218 doentes que puderam ser
avaliadas. Neste grupo de doentes, a gravidez ocorreu em mais mulheres no grupo tratado
com goserelina, de forma estatisticamente significativa (21% versus 11%, p = 0,03).
A evidência publicada até à data não é suficiente para recomendar a utilização de análogos da
GnRH em detrimento de outras técnicas de preservação do potencial reprodutivo. Mesmo que
seja considerada a sua utilização durante a quimioterapia, nomeadamente em doentes com
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carcinoma da mama com recetores hormonais negativos, mantém-se a recomendação de
referenciação da doente a consulta de Medicina da Reprodução.
Em situação de emergência ou em raras circunstâncias, quando as opções validadas não
possam ser utilizadas, a proteção da função ovárica com análogos da GnRH pode ser
considerada.

Homem
Técnicas para preservação do potencial reprodutivo:
1. Criopreservação de espermatozoides
A recolha e armazenamento de espermatozoides para preservação do potencial reprodutivo
masculino é um procedimento bem estabelecido e na maioria das vezes simples,
principalmente em idade pós-pubertária. Esta técnica tem apresentado resultados
satisfatórios, com uma taxa de gravidez por transferência de embriões resultantes de
fertilização in vitro com gâmetas congelados na ordem dos 40-50%.12,13.
A criopreservação de espermatozoides foi reportada com sucesso em rapazes com idade
superior a 13 anos, com espermogramas normais14,15. É o método recomendado em adultos
e rapazes pós-púberes. A Sociedade Americana de Medicina da Reprodução recomenda que se
efetuem três colheitas com um período de abstinência mínimo de 48 horas entre cada
amostra. Desta forma, apesar de ser um procedimento simples e rápido, os doentes devem ser
referenciados atempadamente de modo a maximizar as taxas de sucesso. Quando não é
possível efetuar colheita de espermatozoides por masturbação (ex.: ansiedade, fadiga,
hipogonadismo, diabetes, traumatismo vertebro-medular, doença neurológica, iatrogenia
medicamentosa - antidepressivos ou medicação opioide) recomenda-se o recurso a
vibroestimulação, electroejaculação ou técnicas de biópsia testicular.
2. Criopreservação de tecido testicular
Esta é uma técnica de preservação do potencial reprodutivo que poderá ser oferecida a
doentes que não conseguem obter uma amostra de esperma adequada ou a rapazes prépúberes (sendo nesta idade considerada experimental). O objetivo final é a utilização dos
espermatozoides isolados do tecido biopsado em técnicas de PMA, ou a transplantação deste
tecido após a cura (no caso da colheita em crianças), com a possibilidade de restaurar a
espermatogénese a partir das espermatogónias criopreservadas. Apesar de já ter sido
demonstrada a eficácia do transplante de epitélio germinativo em modelos animais, tal
evidência carece de confirmação em humanos.
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Técnicas para proteção da fertilidade:
1. Cirurgia conservadora
Em doentes com neoplasia do testículo a espermatogénese e esteroidogénese podem ser
mantidas através do recurso a orquidectomia parcial. Esta abordagem conservadora deve ser
especialmente considerada em doentes com tumores bilaterais ou tumores em testículo único
se o volume tumoral é inferior a 30% da gónada com valores de testosterona pré-operatórios
normais16.
Nestes casos, devem ser feitas biópsias do parênquima restante para excluir a presença de
neoplasia germinativa intratubular.
2. Terapêutica com análogos da GnRH
A terapêutica com análogos da GnRH pode ser utilizada para suprimir o eixo hipotálamohipófise-gonádico durante a administração de quimioterapia numa tentativa de proteger o
epitélio germinativo. Alguns estudos em animais sugeriram eficácia desta técnica, mas, no
homem, os estudos falharam na demonstração de preservação do potencial reprodutivo
ou na obtenção de um retorno mais rápido da espermatogénese após quimioterapia17.
3. Proteção gonadal
Em doentes que necessitam de radioterapia abdominal ou pélvica, a proteção gonadal com
material blindado é o procedimento standard para reduzir a exposição à radiação dos órgãos
reprodutores e proteger a função reprodutora.

4. Contextualização portuguesa
As técnicas de preservação do potencial reprodutivo feminino e masculino estão disponíveis
no âmbito do Serviço Nacional de Saúde (SNS) e em diferentes instituições privadas de saúde.
No âmbito do SNS, os procedimentos associados à realização das técnicas e à congelação dos
gâmetas recolhidos não comportam custos para além dos inerentes à medicação necessária
nas mulheres submetidas a estimulação ovárica.

5. Situações clinicas específicas
Na Europa as neoplasias mais frequentes em adultos jovens entre os 15-24 anos são o linfoma
de Hodgkin, o cancro do testículo e o melanoma maligno1,2. Na faixa etária dos 25-49 anos, as
neoplasias mais frequentemente diagnosticadas são o cancro da mama, o carcinoma
colorretal, o carcinoma do colo do útero e o melanoma maligno.
Estas neoplasias, se diagnosticadas em fases iniciais, têm elevada probabilidade de cura, com
sobrevivências aos cinco anos que ultrapassam os 80%3.
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A preservação do potencial reprodutivo no sexo feminino reveste-se de diferentes
especificidades, que pela complexidade e morosidade, devem merecer particular atenção.

Mulher
Cancro ginecológico
Sempre que exequível, em casos selecionados, em que não se comprometa a eficácia do
tratamento oncológico, deve considerar-se preservar o útero e os ovários.
Nas doentes que necessitem de radioterapia pélvica, a transposição ovárica (ooforopexia)
deverá ser efetuada previamente ao tratamento, com o intuito de diminuir a exposição direta
do ovário às radiações ionizantes.
Colo do útero
A cirurgia conservadora do colo do útero pode ser oferecida a mulheres com cancro cervical
em estádios precoces ≤ 2 cm (IA1, IA2 e IB1). As taxas de recorrência e mortalidades descritas
são semelhantes aos casos tratados com histerectomia radical ou radioterapia. É de referir que
a traquelorrafia apresenta morbilidade associada importante (necessidade de cerclagem
uterina; infertilidade (14-41%); estenose cervical; aborto tardio; parto pré-termo (20-25%
abaixo das 32 semanas)4.
A criopreservação de ovócitos ou embriões deve ser abordada nestas doentes, previamente à
realização de quimioterapia.
Em doentes que necessitem de radioterapia, a cirurgia para transposição ovárica, com ou sem
criopreservação de ovócitos e/ou tecido ovárico, poderá ser uma alternativa. Deve ser referido
à doente que após radioterapia pélvica o útero irradiado pode contribuir para aumento da
infertilidade5.
Cancro do endométrio
O carcinoma do endométrio é raro na mulher com idade inferior a 40 anos.
Perante um diagnóstico de cancro do endométrio em idade reprodutiva devem ser excluídas
as situações de causa hereditária (síndrome de Lynch ou carcinoma colorretal hereditário
não polipótico). O tratamento convencional consiste na histerectomia total e anexectomia
bilateral com sobrevida aos cinco anos de 93,8 a 98%.
Na mulher que deseje preservar a fertilidade, e apresente carcinoma do endométrio tipo
endometrioide, G1 e ressonância magnética negativa para invasão miometrial (estádio IA sem
invasão do miométrio), o tratamento médico com progestativo, intrauterino ou oral, pode ser
uma opção por um período de três meses, seguido de nova biópsia endometrial. A gravidez
deve então ser permitida, com recurso ou não à procriação medicamente assistida, que não
parece ter qualquer impacto na sobrevivência destas doentes.6,7
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Idêntica atitude deve ser tida em relação à hiperplasia atípica, já que cerca de 30% dos casos
de hiperplasia complexa atípica evolui para carcinoma endometrial se não forem tratados.6
As doentes devem ser informadas da necessidade de repetição periódica de biópsias
endometriais bem como da necessidade de completar cirurgia após gravidez.
Tumor borderline do ovário
Mais de 30% dos tumores borderline do ovário atingem mulheres com idade inferior aos 40
anos. Estas doentes apresentam excelente sobrevivência, podendo haver tumor bilateral em
25-35% dos casos. A taxa de recorrência é de 0-5 % após tratamento cirúrgico com
histerectomia total e anexectomia bilateral ou de 20-30% após cirurgia conservadora
(anexectomia unilateral). Nestes casos, a recidiva é geralmente sob a forma de tumor
borderline, pelo que o tratamento conservador não apresenta assim impacto negativo na
sobrevivência8,9,10.
Nos tumores borderline de tipo seroso, pode ainda ser considerada a cistectomia,
principalmente se forem bilaterais, com taxa de recorrência de 25%. Os tumores borderline de
tipo mucinoso são, porém, exceção, atendendo a que quando recorrem tende a ser na forma
de carcinoma invasor11 devendo aqui realizar-se anexectomia unilateral.
Após a cirurgia, em mulheres com parceiros, poderá haver tentativa de gravidez espontânea;
em mulheres solteiras poderá ser proposta a preservação de ovócitos atendendo ao risco
aumentado de recorrência após cirurgia conservadora. A estimulação ovárica nestas mulheres
apesar de levantar algumas questões, parece ser segura, sem aumento das recorrências em
relação às mulheres que fizeram cirurgia conservadora, e sem impacto na sobrevida12,13.
Cancro epitelial do ovário
Entre 3 a 17% destes tumores atingem mulheres com idade inferior a 40 anos.14
A cirurgia conservadora (laparotomia exploradora, anexectomia unilateral e estadiamento
completo) pode ser considerada nos estádios precoces em determinadas circunstâncias:
• Ausência de história de cancro hereditário do ovário;
• Possibilidade de vigilância adequada após cirurgia;
• Estádio IA G1/G2, IC G1/G2 unilateral (apenas os casos de rotura intraoperatória)
• Exclusão de G3, incluindo células claras, estádio I bilateral, ou superior ao estádio I.
Em aproximadamente 200 casos de tratamento cirúrgico conservador do cancro do ovário IA
G1, a taxa de recorrência foi de 5% (sobreponível ao tratamento cirúrgico convencional). No
estádio IA G2, em 45 casos, a taxa de recorrência foi de 20%.15,16
No caso de mulheres tratadas com cirurgia conservadora e infertilidade, ou, em mulheres cujo
diagnóstico de cancro epitelial do ovário foi um achado operatório e que necessitem de
completar o estadiamento cirúrgico, pode colocar-se a indicação de estimulação ovárica para
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tentativa de gravidez ou preservação da fertilidade. Também aqui a literatura é escassa, já
existindo, porém, casos relatados de sucesso com a estimulação ovárica controlada e
subsequente gravidez17,18.
Cancro não epitelial do ovário
Apesar de neoplasias raras, atingem maioritariamente mulheres jovens.
A cirurgia conservadora, em particular nos tumores de células germinativas, parece ser segura
com taxas de cura de 90-95%19.
Apesar de a literatura ser escassa, a estimulação ovárica controlada parece segura.
Devem ser tomadas precauções na realização de estimulação ovárica com o intuito de
criopreservação de ovócitos ou embriões nos casos de tumores com algum grau de
dependência hormonal, nomeadamente nos carcinomas estrogénio-dependentes do
endométrio e epiteliais do ovário. A estimulação ovárica com letrozol deverá nestas situações
deverá ser a estratégia a adotar.
A criopreservação de tecido ovárico nas situações de cancro epitelial e não epitelial do ovário,
apesar de já terem sido relatadas com sucesso bem como o seu subsequente transplante20,21,
apresenta risco indiscutível de reintrodução de células tumorais pelo que ainda não deve ser
recomendada nestas situações.
Cancro da mama
Evidência recente sugere que 40-50% das mulheres com história de cancro da mama desejam
uma futura gravidez22 mas no entanto apenas 4-7% consegue engravidar23.
Para a criopreservação de embriões ou de ovócitos é necessário realizar uma estimulação
ovárica para recrutamento multifolicular, seguida de punção folicular para recolha de ovócitos,
o que acarreta um aumento suprafisiológico dos níveis circulantes de estrogénios, cujo
impacto no prognóstico é desconhecido. No entanto, nas mulheres com cancro da mama com
expressão de recetores hormonais, a estimulação ovárica é feita com recurso a inibidores da
aromatase que permitem manter os estrogénios em níveis fisiológicos23,24,25. O inibidor mais
estudado neste contexto é o letrozol26. São necessários mais dados para confirmar a segurança
deste procedimento. Os estudos publicados sugerem que doentes submetidas a estimulação
ovárica com letrozol e gonadotrofinas tiveram sobrevivência semelhante às doentes com
cancro da mama não submetidas a este tratamento27.
A utilização de protocolos de tratamento random start, que permitem iniciar a estimulação
ovárica em qualquer fase do ciclo menstrual, não compromete o início do tratamento
oncológico28 e tem-se revelado uma estratégia útil quando há constrangimentos de tempo por
necessidade de iniciar rapidamente tratamento sistémico, potencialmente gonadotóxico28.
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Neste caso, todo o processo (estimulação hormonal, punção folicular e criopreservação) pode
ser concluído em cerca de duas semanas. Este protocolo pode mesmo permitir a realização de
dois ciclos de estimulação ovárica antes da quimioterapia, com o consequente aumento do
número de ovócitos criopreservados.

Neoplasias digestivas
Carcinoma do cólon, reto e canal anal
Os dados são escassos, mas, dado o aumento significativo da taxa de sobrevivência destas
neoplasias, as mulheres que necessitem de QT ou RT pélvica deverão ser informadas do risco
de falência ovárica (principalmente as mulheres com cancro do reto) e da possibilidade de
transposição ovárica e preservação de gâmetas, embriões ou tecido ovárico29,30. A preservação
de tecido ovárico poderá acarretar risco de reintrodução de células tumorais.
Carcinoma gástrico
Não existem dados publicados sobre preservação de gâmetas/embriões ou tecido ovárico em
doentes com esta patologia, de prognóstico reservado. O tratamento atual do carcinoma
gástrico com intenção curativa (quimiorradioterapia adjuvante ou QT peri-operatória) inclui
esquemas citostáticos com antraciclinas e cisplatina, com risco intermédio de infertilidade,
para além do fluouracilo (5-FU), que acarreta menor risco.
Estão descritas metástases ováricas entre 7 a 54% dos casos diagnosticados na mulher.31,32

Outras neoplasias:
Tumores do SNC (gliomas e oligoastrocitomas)
Numa análise de 15 anos de prática de técnicas de preservação da fertilidade de um centro,
estes tumores corresponderam a 4,9% dos casos (19/391). Estão reportados 11 casos de
mulheres com neoplasias do SNC submetidas a técnicas de PMA com congelação de embriões
com resultados sobreponíveis a mulheres não doentes.33
Os doentes com resseção macroscópica total que tenham de fazer terapêutica complementar
com temozolamida (agente alquilante) deverão ser informados do seu potencial gonadotóxico.
Sarcomas
Um estudo englobando 27 jovens com sarcoma de Ewing submetidas a QT ou QT e RT pélvica,
demonstrou uma taxa de falência ovárica precoce de 67% (incluindo todas as doentes que
fizeram RT pélvica), pelo que as pacientes deverão ser informadas dos riscos de infertilidade
futura. Os ovários deverão ser protegidos da radioterapia pélvica por transposição.
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Melanoma maligno
Não existem casos descritos de preservação do potencial reprodutivo em mulheres com
melanomas malignos. A doença disseminada tem muito mau prognóstico e é tratada por
imunoterapia e terapêuticas-alvo, cuja implicação na fertilidade é mal conhecida.34 O
Ipilimumab pode interferir com a fertilidade por via de endocrinopatia imune.
A terapêutica com quimioterapia, baseada em agentes alquilantes, não altera a sobrevida
destes doentes.35
Doentes portadoras de mutações BRCA
A salpingooforectomia bilateral profilática apenas deve ser realizada depois de completado o
projeto reprodutivo da mulher.36
Estas doentes podem apresentar reserva ovárica diminuída previamente à realização de
qualquer tratamento, pelo que poderão ser mais suscetíveis a apresentar falência gonadal
induzida pela quimioterapia.37 Nestes casos não está indicada a preservação de tecido ovárico.
A preservação de gâmetas pode permitir a seleção posterior de embriões sem mutação.

Homem
Como referido previamente (ver capítulo do impacto do tratamento oncológico na fertilidade)
as gónadas são extremamente sensíveis aos efeitos da quimioterapia e da radioterapia.
Assim, dada a simplicidade e a rapidez inerentes à colheita de esperma para criopreservação,
esta possibilidade deve ser abordada em todos os doentes que vão iniciar tratamento
oncológico, antes de qualquer procedimento terapêutico.
Cancro do testículo
O cancro do testículo apresenta elevadas taxas de cura mesmo quando diagnosticado em fases
avançadas da doença. Geralmente, os doentes submetidos a quimioterapia (esquema BEP
ou carboplatina) recuperam rapidamente a sua fertilidade após finalizarem o tratamento. Não
obstante, alguns doentes apresentam alterações da espermatogénese e subfertilidade prévias
ao diagnóstico e a qualquer manobra terapêutica. A infertilidade pode mesmo, em casos
pontuais, servir de alerta para o diagnóstico de cancro do testículo.
Cirurgia
Nos doentes com cancro do testículo, sobretudo nos casos de neoplasia intraepitelial, a
produção hormonal e de espermatozoides pode ser mantida através do recurso a uma
orquidectomia parcial.37 (ver Técnicas para proteção da fertilidade).
Esta abordagem cirúrgica conservadora deve ser especialmente considerada em doentes com
tumores bilaterais ou tumores em testículo único se o volume tumoral é inferior a 30% da
gónada e as regras cirúrgicas oncológicas são respeitadas38. Nestes casos, devem ser feitas
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biópsias do parênquima restante para excluir a presença de neoplasia germinativa
intratubular.
A linfadenectomia retroperitoneal também acarreta potencial morbilidade ejaculatória.
Aconselha-se a criopreservação de esperma e se possível, realizar sempre uma técnica de
“nerve-sparing”.

Outras neoplasias:
Tumores germinativos extragonadais, neoplasias primárias do SNC, tumores da nasofaringe,
tumores digestivos ou outros
Os dados existentes referentes a cada uma destas situações são escassos. Contudo, deve ser
avaliado o prognóstico da doença e geridas as expectativas do doente. Importante salientar
que os doentes que irão necessitar de terapêuticas pélvicas (cirurgia ou radioterapia) devem
ser informados das possíveis alterações na função erétil e ejaculatória.
Como referido e dado que o método mais generalizado para preservação do potencial
reprodutivo no homem é a criopreservação de esperma, esta possibilidade deve ser oferecida
aos doentes que manifestem desejo de preservar a sua fertilidade, sem prejuízo do início do
tratamento.

Doenças hematológicas
As doenças hematológicas malignas mais frequentemente encontradas em idade fértil e nas
crianças são:
• Leucemias agudas.
• Linfomas, sobretudo doença de Hodgkin.
• Leucemias mieloides crónicas.
• Trombocitemia essencial (TE).
Em regra, a apresentação inicial é clinicamente muito agressiva, a necessitar de tratamento
urgente e intensivo, consistindo em vários ciclos de quimioterapia com a associação de vários
citostáticos, nalguns casos (linfomas) podendo ter de ser completados por tratamentos de
radioterapia.
Frequentemente, na altura do diagnóstico, não há condições para manobras ou intervenções
cirúrgicas, em consequência da trombocitopenia ou trombocitose, neutropenia ou risco de
disseminação da doença (sobretudo leucemias agudas). A agressividade e o atingimento dos
órgãos reprodutores, em consequência do tratamento, é variável:
• Máximo nas leucemias agudas e linfomas não Hodgkin.
• Intermédio para os linfomas de Hodgkin.
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• Menor para as LMC e TE.
Todavia, no caso específico do linfoma de Hodgkin e nos homens, a própria doença poderá
determinar redução da fertilidade. As taxas de remissão completa e de cura são bastante
elevadas nas leucemias agudas e linfomas podendo persistir por bastante tempo
(habitualmente considera-se cinco anos) uma probabilidade significativa de recaída da doença,
mais elevada nos dois primeiros anos de remissão.
O tratamento das recaídas obriga quase sempre a quimioterapias intensivas de alta dose e/ou
o recurso a transplante, com efeito significativo, eventualmente definitivo, sobre a fertilidade.
No caso das LMC e TE há necessidade de tratamentos de manutenção (imatinib e/ ou outros
inibidores da tirosina-cinase (anagrelide, por exemplo) de longa duração (anos) o que, no caso
dos homens, poderá determinar uma diminuição da espermatogénese. Nas mulheres existe
um risco elevado de gravidezes inesperadas sob tratamento com fármacos cujos efeitos
teratogénicos são ainda insuficientemente conhecidos.

Preservação do potencial reprodutivo em doenças hematológicas
Leucemias agudas e linfomas
No homem deve realizar-se a criopreservação de esperma, logo após o diagnóstico, desde que
não haja suspeita de invasão testicular.
Na mulher
Linfomas: Este nome designa de forma genérica diferentes doenças dos linfócitos com forma
de apresentação, sintomatologia, agressividade da doença e prognóstico muito diferentes.
A idade de apresentação, a invasão na apresentação ou na evolução da doença dos órgãos
reprodutores e a necessidade ou não de urgência no tratamento são por isso mesmo também
muito variáveis. Por outro lado, a terapêutica clássica vai sofrendo modificações com o
aparecimento de novas terapêuticas e a publicação na comunidade científica de novos
resultados de ensaios clínicos que vão sendo realizados. Por tudo isto, propomos nas doentes
em idade fértil, uma reunião entre o hematologista médico da doente e a equipa de Medicina
de Reprodução, para elaboração do plano a seguir para a doente no que respeita a preservar o
seu potencial reprodutivo, tendo em conta a vontade desta, após o diagnóstico e antes do
início do tratamento de indução.
Leucemias: Devem considerar-se os efeitos definitivos sobre a fertilidade dos tratamentos das
recaídas, e recolher e conservar ovócitos a todos as doentes em remissão completa (mês
+6 após último tratamento de radioterapia ou de quimioterapia, para efeito de “washout” dos
fármacos citostáticos utilizados).
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A gravidez deve ser adiada até, pelo menos, dois anos após a remissão completa, com a
finalidade de minimizar o risco da necessidade de tratamento de recaídas durante a gravidez.
Leucemia mieloide crónica
Considerando os efeitos definitivos sobre a fertilidade dos tratamentos das recaídas, devem
recolher-se ovócitos/espermatozoides a todos os doentes em remissão completa.
Assim, nas mulheres, em situação de remissão molecular sustentada e após interrupção
temporária de tratamento com TKIs (“washout” de três meses, embora podendo-se
considerar, no intervalo, manutenção com interferão alfa) e nos homens sem qualquer
restrição, desde que em remissão hematológica.
Embora não se definam restrições temporais para o momento da gravidez, considera-se
preferível esperar remissão molecular sustentada, pela necessidade de suspender tratamento
com TKIs (mesmo podendo ser feito tratamento de manutenção com interferão alfa,
idealmente apenas no segundo e terceiro trimestres).
Trombocitemia essencial
A trombocitemia essencial parece não se acompanhar de alterações definitivas da fertilidade,
mesmo em situação de progressão; todavia, na altura da recolha de ovócitos/espermatozoides
e em mulheres durante a gravidez, é recomendado, se possível, o tratamento apenas com
aspirina e/ou heparina, eventualmente, em situações de risco elevado (trombocitoses
extremas e superiores a 1 X 106/mm3, antecedentes trombóticos ou hemorrágicos,
complicações em gestações anteriores) manutenção com interferão alfa (no caso de gravidez,
idealmente só no segundo e terceiro trimestres).
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Figura 2.1 Recomendações clínicas para a preservação/proteção do potencial reprodutivo na mulher.
Cirurgia
Sempre que possível, garantindo o melhor resultado oncológico, o tratamento cirúrgico de órgãos que
comprometam a função reprodutora da mulher deve ser o mais conservador possível.
Radioterapia
Sempre que seja necessário efetuar radioterapia pélvica, como complemento do tratamento cirúrgico
(adjuvante) ou com intenção curativa (quimiorradioterapia concomitante) deve considerar-se:
– A transposição ovárica.
– Proteção gonadal com material blindado (se não for possível nenhuma das técnicas de preservação do
potencial reprodutivo).
Sempre que seja necessária a realização de radioterapia cranioespinhal deve considerar-se a realização
de técnicas de preservação do potencial reprodutivo.

Tratamento sistémico
Idealmente, todas as mulheres que desejem preservar o seu potencial reprodutivo devem ser
referenciadas a unidades de Medicina da Reprodução antes do início de qualquer tratamento sistémico.
_____________________________________________________________________________________
Se necessidade de tratamento imediato, mas com condições para a realização de técnicas de
preservação do potencial reprodutivo, pode proceder-se à criopreservação de tecido ovárico ou
aspiração de folículos antrais com maturação in vitro.
Se possibilidade de diferir o inicio do tratamento ≥ 2 semanas: Se a doente não quiser ser submetida a
estimulação hormonal – ponderar criopreservação de tecido ovárico (técnica experimental). A
estimulação hormonal pode ser utilizada em doentes com cancro da mama com indicação para
quimioterapia neoadjuvante, adjuvante e/ou hormonoterapia durante 5-10 anos. Nas situações em que
os recetores hormonais são positivos deve ser considerada a estimulação hormonal associada a letrozol.

Figura 2.2 Indicações gerais para a preservação do potencial reprodutivo na mulher.
Mulheres com idade inferior a 40 anos.
Adequada reserva ovárica (contagem de folículos antrais, níveis de Hormona Anti-Mulleriana).
Projeto reprodutivo incompleto.
Prognóstico favorável.
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Figura 2.3 Contraindicações gerais para a preservação do potencial reprodutivo na mulher.
Mulheres com idade ≥ 40 anos.
Falência ovárica.
Projeto reprodutivo completo.
Doença metastizada ou prognóstico muito reservado.

Figura 2.4 Recomendações clínicas de preservação/proteção do potencial reprodutivo no homem e
jovens pós-púberes.
Colheita e criopreservação de esperma - deve ser realizada aquando do diagnóstico e antes de qualquer
procedimento terapêutico, desde que não haja suspeita de invasão testicular, ou que não comprometa
a realização e/ou o início do tratamento.
Cirurgia
Sempre que possível o tratamento cirúrgico de órgãos que comprometam a função reprodutora do
homem, deve ser o mais conservador possível, garantindo o melhor resultado oncológico.
Radioterapia
Sempre que o recurso à radioterapia pélvica ou cranioespinhal for necessário e possa comprometer a
função gonadal, deve ponderar-se criopreservação de esperma.
Também poderá ser necessário recorrer à proteção gonadal, se adequado.
Tratamento sistémico
É recomendado que antes de qualquer tratamento sistémico que possa comprometer o potencial
reprodutivo, se deva proceder à colheita e criopreservação de esperma.

6. Considerações finais
Os profissionais de saúde devem abordar com o doente (ou com os seus pais ou
representantes legais) o risco de infertilidade e as possibilidades de preservação do potencial
reprodutivo, tendo em atenção os seguintes aspetos:

Informação sobre o risco individual
• Alguns tratamentos podem causar infertilidade ou menopausa precoce.
• O risco individual de cada doente pode vir a sofrer alterações em função do tipo de cancro,
idade e do plano de tratamento.
• Deve estratificar-se o risco de infertilidade (alto, intermédio, baixo, inexistente,
desconhecido).
• A avaliação da reserva reprodutiva antes do diagnóstico da neoplasia pode ser determinante
na indicação para realização de técnicas de preservação do potencial reprodutivo.
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Opções para a preservação de fertilidade
• Nos homens, a opção mais comum e mais eficaz é a criopreservação de esperma. Existem
outras opções, caso a criopreservação de esperma não seja possível ou adequada.
• Nas mulheres, a opção preferencial é a criopreservação de ovócitos. Existem outras opções
caso esta técnica não seja exequível ou adequada.

Tempo
• O tempo é essencial.
Os tratamentos de preservação do potencial reprodutivo necessitam de estar completos antes
do início dos tratamentos potencialmente lesivos da função gonadal.
• Nos homens, a criopreservação de esperma pode ser conseguida em 24-48 h.
• Nas mulheres, a preservação do potencial reprodutivo pode ser completada em duas a
quatro semanas. Contudo, alguns procedimentos experimentais podem ser realizados mais
rapidamente.
• A referenciação deve ser o mais precoce possível, assim que esteja feito o diagnóstico da
doença oncológica e se estabeleça a necessidade de terapêutica potencialmente lesiva da
função reprodutiva.
Custo
A Assembleia da República recomendou que o Serviço Nacional de Saúde assegure a
preservação de gâmetas de doentes que correm risco de infertilidade devido a tratamentos
oncológicos.
O recurso a estas técnicas no âmbito do SNS é gratuito, ficando apenas a cargo das mulheres o
custo inerente aos medicamentos necessários para a estimulação ovárica.
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In the course of this research, a number of other initiatives was planned and implemented to
promote the field of oncofertility and to engage Portuguese healthcare professionals in the
provision of information and discussion of these topics with patients, in one hand, and in
practices of timely and effective patient referral, on the other. The main promoters of these
initiatives were the LPCC, the CFP and the SPMR. Through participation in these events,
courses and seminaries, it was possible to share information with oncologists and other health
professionals about the specific effects of cancer and cancer treatments in fertility, to create
awareness on the tools available to support infertility risk assessment and also to disseminate
some important results of this investigation.
A summary of these initiatives, including their promotors, target audience and objectives, is
presented below in chronological order.

Initiative

Course “Fertility
preservation: a multidisciplinary
approach”
5th Congress of the SPMR;
Pre-congress course
Portuguese Society of Reproductive
Medicine
(SPMR)
October 2013
IV Conference of the Center for
Pharmaceutical Studies
Center for Pharmaceutical Studies
(CEF), Faculty of Pharmacy of the
University of Coimbra

Target audience and objectives
Oncologists, embryologists,
gynaecologists, reproductive
medicine specialists and other
healthcare professionals
The course intended to inform,
educate and stimulate a debate
regarding the value of this new
intervention area and of
patient’s participation in the
decision process.

Researchers and academics in
pharmaceutical sciences
To disseminate research projects
from the CPS

Contribution

Oral presentation
Section 2: Infertility risk in
oncology patients: the
contribution of information for
supporting the fertility
preservation decision.

Poster presentation
Effects of antineoplastic therapy
on fertility: contribution of new
markers in risk identification and
production of information to
support the decision to preserve
fertility

November 2013
5th APFH Oncology Meeting
Portuguese Association of Hospital
Pharmacists (APFH)

Hospital pharmacists
To inform and raise awareness
on the subject of infertility risks
and FP options in cancer patients

Oral presentation
Cancer treatments and fertility

May 2014
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Initiative

Public session of presentation of
the project
“Oncofertility: a new approach to
young patients with cancer”
Portuguese League Against Cancer
in partnership with the Centre for
Fertility Preservation and the
Regional Health Administration of
the Centre

Target audience and objectives

Contribution

Cancer care clinicians
To highlight the importance of
providing maximum information
to cancer patients about the
possibility of preserving their
fertility and of their rapid referral
to reproductive medicine
specialists.

Oral presentation
Risk of infertility in cancer
patients: Determinants and
online tools

February 2015
Faculty Meetings
Faculty of Pharmacy of Coimbra
University

PhD students, Professors and
Researchers from the Faculty of
Pharmacy of Coimbra University

Oral presentation
PhD project

May 2015
SIF 2015 - 10th International
Pharmacy Seminary
Racine Institute
September 2015
IX NEF/AAC Scientific Congress
"Cancer: From Prevention to
Therapeutics"
Students’ Association of the Faculty
of Pharmacy of Coimbra University
(NEF/AAC)

Portuguese and Brazilian
Pharmacists
To promote scientific and
cultural exchange between
pharmacists.

Students, Professors and
Researchers of the Faculty of
Pharmacy of Coimbra University

Oral presentation
(in)Fertility in Oncology

Oral presentation
(in)Fertility in Oncology

November 2015
"It's time to talk about your
fertility!"
The challenges of pediatric
oncofertility
Reproductive Medicine and
Pediatric Oncology Units of CHUC,
EPE
November 2016
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Specialists and interns of
Gynecology and Obstetrics,
Pediatrics, Hematology and
Oncology
To highlight the importance of
providing information to
pediatric cancer patients and/or
their parents about the
possibility of FP and of their
rapid referral to reproductive
medicine specialists

Oral presentation
Why are we going to talk about
my fertility? - The impact of
cancer treatments on future
fertility

Chapter III
Factors associated with ovarian function recovery
after chemotherapy for breast cancer:
a systematic review and meta-analysis

Factors associated with ovarian function recovery after
chemotherapy for breast cancer: a systematic review and
meta-analysis.

Silva C, Caramelo O, Almeida-Santos T, Ribeiro Rama AC.
Published in

Hum Reprod. 2016 Dec;31(12):2737-2749
DOI: 10.1093/humrep/dew224
Available at
https://academic.oup.com/humrep/article/31/12/2737/2730241
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Abstract
Study question: Which factors related to patient, treatment or disease are associated with
ovarian function recovery after chemotherapy in premenopausal women with breast cancer?
Summary answer: Younger age and GnRH agonist (GnRHa) administration during chemotherapy
were significantly associated with menses recovery, but this recovery was less likely in patients
exposed to taxanes.
What is already known: To date, published meta-analyses have only assessed GnRHa
administration as a possible factor for ovarian function recovery, and their results were
conflicting. Current guidelines present distinct recommendations regarding the use of GnRHa
for fertility preservation in women with breast cancer.
Study design, size, and duration: A systematic review and meta-analysis of published studies in
the English, Portuguese, French or Spanish languages (1990–2015), ongoing trials or completed
trials (1990–2015) and conference proceedings (2000–2015) were performed.
Participants/materials, setting, and methods: We searched the Medline, Embase, Lilacs, Scielo,
Toxline and DART databases, online trial registries and conference proceedings. Studies were
eligible if they included premenopausal women with early breast cancer treated with
chemotherapy, reported ovarian function recovery data and identified factor(s) associated with
recovery. Two authors independently screened the studies, extracted data and assessed the risk
of bias. an odds ratio (or) was estimated from the number of recovery events. a meta-analysis
was conducted using a random-effects model.
Main results and the role of chance: Fifteen articles were included. Five different factors were
analysed: younger age and baseline levels of anti-Mullerian hormone (patient-related factors),
co-administration of GnRHa, addition of taxanes to anthracycline-based chemotherapy and
addition of endocrine therapy to chemotherapy (treatment-related factors). Menses recovery
was the most used marker. Younger age (≤40 years) and exposure to GnRHa were positively
associated with menses recovery (or 6.07 and 2.03, respectively) but exposure to taxanes
adversely affected recovery (or 0.49). Significant heterogeneity among studies was found.
Limitations, reasons for caution: A general limitation of the included studies is the use of
menses as the main recovery marker. Regarding GnRHa, the substantial heterogeneity and
conflicting results limit the interpretation of our results. Studies that use additional markers and
have a longer follow-up are needed.
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1. Introduction
Breast cancer is one of the most frequently diagnosed malignancies in young women worldwide.
Approximately 1 in every 200 women will develop breast cancer before the age of 40 years
(Jemal et al., 2010).
Adjuvant chemotherapy has significantly improved disease-free and overall survival, but a
considerable number of these young patients eventually develop premature ovarian failure,
which is one of the possible long-term adverse effects of chemotherapy regimens, especially
when alkylating agents such as cyclophosphamide are included.
Consequently, many women with breast cancer may present with diminished reproductive
potential after treatment.
In an attempt to overcome these effects, fertility preservation (FP) methods such as oocyte or
ovarian tissue cryopreservation are available and can be offered but may not be suitable for all
patients. Each method presents specific limitations, which makes FP a complex decision,
particularly for very young patients or those presenting aggressive or hormonal-dependent
disease.
Typically, the effects of chemotherapy on female reproductive potential have been analysed
using amenorrhoea, but this may not be an accurate marker. Infertility, and also reduced ovarian
reserve, is typically observed in women who resume menses after treatment with
chemotherapy (Partridge et al., 2010). On the other hand, spontaneous pregnancies can still
occur in women with chemotherapy induced amenorrhoea (Hamre et al., 2012; van der Kaaij et
al., 2012).
Measures of ovarian reserve, including ultrasound (e.g. antral follicle count (AFC) and mean
ovarian volume) and hormonal measures (e.g. anti-Müllerian hormone (AMH), oestradiol (E2)
and FSH), are useful surrogate markers for fertility potential. AMH appears to be the most
promising hormonal marker because its levels show low intercycle variation and correlate
strongly with the number of antral follicles and follicle depletion at an earlier stage. The
potential use of AFC as a surrogate measure of ovarian reserve in this population has also been
demonstrated (Nelson, 2013).
The individual risk of infertility after treatment for women with breast cancer is difficult to
estimate because it depends on several factors such as age, baseline fertility and the type and
dose of chemotherapy received (Ben-Aharon and Shalgi, 2012). Owing to the influence of all of
these variables, the incidence of amenorrhoea can vary from 30 to 70% (Kasum et al., 2014).
Nevertheless, the effects on fertility can be reversible. A variable proportion of women recover
their menstrual or ovarian function after presenting with amenorrhoea or menopausal hormone
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levels during or shortly after chemotherapy (Hickey et al., 2009; Hamy et al., 2014). In this
context, it will be important to identify the potential factors associated with that recovery
because they can influence both treatment and FP decisions.
Until now, GnRH agonist (GnRHa) administration has been the only aspect evaluated in relation
to ovarian function recovery (Vitek et al., 2014; Shen et al., 2015; Munhoz et al., 2016), even
though the results of these studies were conflicting. Therefore, it is crucial to gather additional
knowledge on GnRHa and the impact of other potential recovery factors.
The aim of this systematic review and meta-analysis was to identify factors related to patient,
treatment or disease associated with ovarian function recovery after chemotherapy in young
women with breast cancer.

2. Methods
This study was conducted in agreement with the guidelines of the Cochrane Collaboration, and
our findings were reported according to the PRISMA statement (Moher et al., 2009).
Protocol and registration
The reviewers (C.S. and O.C.) and two mentors (T.A.-S. and A.C.R.R.) established the protocol for
this systematic review, which was published in the International Prospective Register of
Systematic Reviews (PROSPERO) in April 2015 (registration number CRD42015013494, available
in http://www.crd.york.ac.uk/prospero/display_record.asp?ID=CRD42015013494).
Eligibility criteria
A number of eligibility criteria were established for the studies (PICOD methodology).
Population (P): Premenopausal women with early, non-metastatic (excluding axillae) breast
cancer, who have developed amenorrhoea and/ or present decreased ovarian reserve after CT
using anthracycline- or taxane-based regimens.
Intervention/exposure (I): Reported patient, treatment or disease-related factors (e.g. age, CT
regimen and pre-chemotherapy ovarian reserve).
Comparators/controls (C): Non-exposed or differently exposed groups (e.g. different age,
different chemotherapy regimens or patients not exposed to GnRHa).
Outcomes (O): Data on ovarian function recovery up to 2 years after the end of chemotherapy
with at least one of the following markers: menstrual cycle recovery, increase in ovarian reserve
markers to premenopausal levels, time for menses or ovarian reserve marker recovery,
pregnancy and/or live birth.
Study design (D): Analytical studies including a comparison of groups exposed and
not/differently exposed with any design (e.g. interventional or observational, prospective,
retrospective or cross-sectional).
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Literature search
The following databases were searched: MEDLINE (through PubMed), Embase, LILACS, Scielo,
Toxline and DART. The search strategies were built using free terms or medical descriptors when
available (e.g. MeSH terms) for each PICOD synonym (search equation used for PubMed is
provided in Supplementary Data). The search was limited to articles published after 1990
because anthracycline-based chemotherapy regimens were introduced in the 1990 s (Verrill,
2009). One reviewer (C.S.) performed the electronic search, piloted it in PubMed MEDLINE
(1990–2014) and adapted it to run in all the other databases (1990–2014). The last search was
performed on 25 September 2014 with weekly automatic e-mail updates until the end of 2015.
Online trial registries (i.e. the Cochrane Central Register of Controlled Trials and the World
Health Organization International Clinical Trials Registry Platform) were searched for ongoing or
completed trials with available results (1990–2014). The online conference proceedings of the
American Society for Clinical Oncology (ASCO) annual meetings were searched from 2000
onwards.
Study selection
Studies were screened for inclusion over three phases, using EndNote®s oftware: we searched
and deleted duplicates; two authors (C.S. and O.C.) independently assessed the results,
screening first by title and then by abstract. When a title seemed relevant, the abstract was
reviewed for eligibility; if any doubt remained, the full text of the article was retrieved and
discussed. Arbitration by the third author was applied in cases of disagreement. Reasons for
exclusion were recorded after full text screening.
Data collection
The data extraction form was validated by C.S. and O.C. and then pilot tested for feasibility and
comprehensiveness with three studies. Minor consensual adjustments were made. The data
were independently extracted by C.S. and O.C., and then compared and discussed until an
agreement was reached. Two authors were contacted to obtain additional information
regarding statistical data. We collected the following data: Study (authors, year, country);
Methods (study design, duration of follow-up, inclusion and exclusion criteria, number of
participants included/evaluated, outcomes of recovery assessed, exposure/intervention
analysed as a factor); Participants (mean age, treatments) and Results (intervention/exposure
associated with recovery, risk measure, significance).
Risk of bias assessment
For each study included, the risk of bias was independently assessed by C.S. and O.C. using the
Cochrane Collaboration Tool for assessing risk of bias in randomized trials (Higgins et al., 2011)
and the QUIPS Tool for Assessing Risk of Bias in Prognostic Factor Studies (Hayden et al., 2013)
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to assess the risk of bias in RCTs and observational studies, respectively. Disagreements were
discussed and solved by a third researcher (T.A.-S. or A.C.R.R.) when needed.
Data analysis
A study-specific odds ratio (OR) was estimated indirectly from the number of patients and the
number of recovery events in each arm (exposed/not or differently exposed). If only a risk
measure was reported with a measure of precision (confidence interval (CI) or standard error)
it was used.
MedCalc Software® version 16.1 (https://www.medcalc.org/) was used for statistical
calculations and forest-plot generation. Meta-analysis was conducted using a random-effects
model. Statistical heterogeneity was assessed with a chi-square test.

3. Results
Search results
After removal of duplicates, a total of 5222 references were identified (Fig. 3.1). A total of 60
were selected for detailed review and 46 of these were excluded. Of the excluded studies, 17
did not assess any outcome of recovery, 11 had no comparator/control group, five did not
identify any factor associated with recovery, four were published in Chinese or Czech, three
included non-eligible participants, one was a letter to the editor and five did not provide
sufficient data. We identified one additional article through saved search e-mail updates. A total
of 15 articles were finally included, from which 13 were included in the meta-analysis (Fig. 3.1).
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Figure 3.1 PRISMA flow diagram of the literature search.

Studies, risk factors and recovery outcomes
From the 15 studies, 8 were RCTs (Table 3.1) and 7 were observational studies (Table 3.2). Of
these seven, four were retrospective and three had a prospective design. The general
characteristics of the included studies are summarized in Tables 3.1 and 3.2.
Five different factors potentially associated with ovarian function recovery were subject to
analysis in the included studies. The factors included young age and baseline levels of AMH
(patient-related risk factors), co-administration of GnRHa, addition of taxanes to anthracyclinebased chemotherapy regimens and addition of endocrine therapy (treatment-related factors).
No studies assessed the influence of disease-related factors on ovarian function recovery. Four
of the included studies assessed more than one risk factor (Table 3.3).
Menses recovery was the most frequently used marker but recovery time was also assessed in
five studies. One study evaluated return of ovulation through ultrasound examination. Re-
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occurrence of premenopausal FSH values and pregnancy rates was assessed in one and two
studies, respectively.
Patient-related factors
Young age. In our meta-analysis, younger women (≤40 years) had a significantly higher rate of
menses recovery after treatment (OR 6.07; 95% CI, 2.70–13.61; P < 0.001) (Fig. 3.2). Significant
heterogeneity among studies was observed (I2 = 68.15%; P = 0.014). The study by Lee et al.
(2009) also found a significantly shorter menses recovery time (P = 0.03) for younger women.
Baseline AMH. In a small prospective observational study (n = 27) by Henry et al. (2014),
detectable levels of baseline AMH (≥0.16 ng/ml) were significantly associated with ovarian
function recovery in univariate analysis (OR 108; 95%CI, 5.80–2.000; P < 0.002), but this
association was not confirmed in multivariate analysis.
Treatment-related factors
Administration of GnRHa. (1) Administration of GnRHa and menses recovery: The administration
of GnRHa was associated with a higher rate of menses recovery (OR 2.03; 95%CI, 1.18–3.47; P =
0.01) (Fig. 3.3) although a substantial heterogeneity among trials was observed (I2 = 60.91%; P
= 0.018). Recovery time was assessed in four trials (Del Mastro et al., 2011; Gerber et al., 2011;
Munster et al., 2012; Song et al., 2013) but significant differences were only found in the study
by Del Mastro et al. (2011) (P = 0.07). (2) Administration of GnRH agonists and ovulation: In the
RCT by Badawy et al. (2009), administration of GnRHa was associated with a higher rate of
recovery of ovulation (OR 6.53; 95%CI, 2.43–17.55; P = 0.0002). (3) Administration of GnRH
agonists and pregnancy: Two trials evaluated the association of GnRHa administration with
pregnancy rate (Lambertini et al., 2015; Moore et al., 2015). Only the study by Moore et al.
(2015) found a significant association (OR 2.23; 95%CI, 1.04–4.77; P = 0.034).
Addition of taxanes
(1) Addition of taxanes and menses recovery: Taxane exposure was a negative factor for
recovery (OR 0.49; 95% CI, 0.30–0.80; P = 0.004) (Fig. 3.4). Women exposed to these agents
showed a lower rate of menses recovery compared with women exposed to chemotherapy
regimens without taxanes.
(2) Addition of taxanes and premenopausal hormone levels: In the study by Berliere et al. (2008),
exposure to taxanes increased recovery of premenopausal FSH levels even though the effect
was not significant (OR 1.63; 95% CI, 0.71–3.72; P = 0.247).
Addition of endocrine therapy. One retrospective study assessed the addition of endocrine
therapy as a factor for recovery (Lee et al., 2009). Menses recovery was lower in patients
exposed although this result was not significant (OR 0.67; 95% CI, 0.28–1.62; P = 0.38).
Risk of study bias
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Global results for risk of bias concerning RCTs are presented in Fig. 3.5. In summary assessments,
one trial was classified as ‘low risk of bias’, two were classified as ‘unclear risk of bias’ and four
as ‘high risk of bias’. For observational studies (Fig. 3.6), study participation, attrition and
confounders were the domains in which more studies presented moderate or high risk of bias.
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Table 3.1 Main characteristics of the eight included Randomized Controlled Trials (RCTs).

Study and
country

Inclusion
criteria

Badawy,
A., et al.
(2009);
Egypt

18 - 40 years;
premenopausal
status with basal
[FSH] levels <10
mIU/mL

Del
Mastro, L.,
et al.
(2011);
Italy
PROMISEGIM6
study

18 - 45 years;
stage I through
III;
premenopausal
status with
active menstrual
cycles in 6 weeks
before CT

Follow- Participants
up
included/
(months) evaluated

8

12

80/78

281/260

Mean age

Hormonereceptor
status (n)
HR+/HR-

Study
group: 30,0
Control
Not reported
group: 29.2
(p=0,76)

Study
group:
39
Control
group: 39
(ns)

226/51

Use of
Tamoxifen
(n)

Not
reported

226

Chemotherapy regimens

FAC regimen
(5-Fluorouracil 500
mg/m2 iv, Doxorubicin
500 mg/m2 iv,
Cyclophosphamide 500
mg/m2 iv)

Marker(s) of
recovery
assessed

Exposure/Intervention
(factor)

GnRH agonist
(Goserelin)
Menses recovery
3,6 mg subcutaneous,
Ovulation
2 weeks before CT and
recovery
then every 28 days for
6 months

GnRH agonist
(Triptorelin)
Anthracycline-based
3,75 mg intramuscular
(n=118)
Menses recovery
at least 1 week before
Anthracycline plus taxane Time to menses
starting CT and then
(n=151)
recovery
every 4 weeks for the
CMF (n=12)
duration of the
treatment
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Inclusion
criteria

18 - 40 years;
Elgindy, E.
stage I – IIIa;
A., et al.
history of regular
(2013);
menstrual
Egypt
periods

18 - 45 years;
premenopausal
Gerber, B., status with
et al.
regular and
(2011);
spontaneous
Germany menstrual
ZORO
periods and FSH
study
below 15
mlU/mL in the
follicular phase
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Follow- Participants
up
included/
(months) evaluated

12

24

Mean age

100/100

Study
group1:
33.28
Control1:
32.32
Study
group2: 33
Control2:
32.84 (ns)

60/52

Study
group: 35,0
Control
group: 38,5
(p=0,092)

Hormonereceptor
status (n)
HR+/HR-

0/100

0/52

Use of
Tamoxifen
(n)

Chemotherapy regimens

NA

FAC regimen
(5-flourouracil (500
mg/m2), adriamycin (50
mg/m2), and
cyclophosphamide (500
mg/m2) IV every 21 days)
for six cycles

NA

FEC + Docetaxel (n=10)
EC + Docetaxel (n=7)
FEC/FAC (n=28)
TAC (n=13)
Other (n=2)

Marker(s) of
recovery
assessed

Exposure/Intervention
(factor)

GnRH agonist
(Triptorelin)
Menses recovery 3.75 mg 1 week before
and then every 4
weeks until the end of
CT

GnRH agonist
(Goserelin)
Menses recovery
3.6 mg at least 2 weeks
Time to menses
before start of CT and
recovery
then every 4 weeks
until the end of CT
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Inclusion
criteria

<45 years; FSH
level less than 40
mIU/mL and at
least two
menstrual
periods in the
preceding 6
months.

18 - 45 years;
stage I to III;
premenopausal
Lambertini (menstrual
M. (2015); cycles/normal
Italy
menses during
the 6 weeks
before the start
of CT

Follow- Participants
up
included/
(months) evaluated

18

87

49/47

281/246

Mean age

Study
group: 39
(median)
Control
group: 38
(median)
(p=0,99)

Study
group: 39
Control
group: 39
(ns)

Hormonereceptor
status (n)
HR+/HR-

36/32

226/51

Use of
Tamoxifen
(n)

36

182

Chemotherapy regimens

Marker(s) of
recovery
assessed

Exposure/Intervention
(factor)

AC, 4 cycles (n=23)
AC, 4 cycles, then taxane,
4 cycles (n=13)
FEC/FAC, 6 cycles (n=13);
ER+ tumours: tamoxifen
for 5 years (n=36)

GnRH agonist
(Triptorelin)
administered every 28
to 30 days by IM
Menses recovery injection starting no
Time to menses sooner than 4 weeks
recovery
and at least 7 days
before the first cycle of
CT and continued
throughout CT
duration

Anthracycline plus
taxane-based (n=148)
Anthracycline-based
(n=113)
CMF (n=12)

GnRH agonist
(Triptorelin)
3.75 mg administered
Menses recovery intramuscularly at least
Pregnancy rate 1 week before
chemotherapy and
then every 4 weeks for
the duration of CT
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Inclusion
criteria

18 - 45 years;
histological stage
I–III;
premenopausal
status with basal
FSH<10 mIU/ml
and regular
menstrual cycle

18 - 49 years;
operable stage I
to IIIA;
premenopausal

Follow- Participants
up
included/
(months) evaluated

12

48

220/183

257/218

Mean age

Study
group: 40.3
Control
group: 42.1
(p>0,05)

Study
group: 37,6
Control
group: 38,7

Hormonereceptor
status (n)
HR+/HR-

150/33

0/257

Use of
Tamoxifen
(n)

150

Chemotherapy regimens

AC for 6 cycles
(600 mg/m2
cyclophosphamide and
60 mg/m2 doxorubicin)
(n=126)
AC + Paclitaxel for 4
cycles (n=57)
Tamoxifen was given to
all patients with HR+
tumours (n=150)

3–4 cycles of
anthracycline-based
therapy (ABT) (n=46); 3–4
Not
cycles of non-ABT (n=12);
Applicable
6–8 cycles of ABT (n=152)
6–8 cycles of non-ABT
(n=8)

Marker(s) of
recovery
assessed

Exposure/Intervention
(factor)

GnRH agonist
(Leuprorelin)
subcutaneous
injections of 3.75 mg,
Menses recovery
before CT until ovarian
Time to menses
suppression; during CT,
recovery
patients were given
leuprolide acetate at
same dosage every 4
weeks.

Pregnancy rate

GnRH agonist
(Goserelin)
3.6 mg subcutaneously
every 4 weeks
beginning 1 week
before CT and
continued to within 2
weeks before or after
the final CT dose.

Abbreviations: AC, doxorubicin (adriamycin) and cyclophosphamide; ACT, doxorubicin (adriamycin), cyclophosphamide and taxane; AI, aromatase inhibitor; AMH, anti-Müllerian hormone; BSO, bilateral salpingooophorectomy; CMF, cyclophosphamide, methotrexate and 5-flourouracil; CRA, chemotherapy-related amenorrhea; CT, chemotherapy; dd, dose-dense; EC, epirubicin and cyclophosphamide; ER, estrogen receptor;
FAC/FEC, 5-flourouracil, doxorubicin (adriamycin)/epirubicin and cyclophosphamide; FSH, follicle-Stimulating Hormone; GnRH, gonadotropin-releasing hormone; HR, hormone receptor; HER2, human epidermal growth
factor receptor 2; ns, non-significant; T, taxane; TAC/TEC, taxane, doxorubicin (adriamycin)/epirubicin and cyclophosphamide.
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Table 3.2 Main characteristics of the seven included observational studies.

Study

Berliere,
M., et al.
(2008);
Belgium
and France

Study design
(follow-up)

Prospective
controlled
(12 months
follow-up)

Mean age
Number participants
Inclusion criteria
(significanc
included/ evaluated
e)

Premenopausal
patients with
node-positive
operable breast
cancer

Prospective
Henry, N.
(12 months
L., et al.
follow-up;
(2014); USA 13.6 on
average)

25–50 years; one
menstrual cycle
within 3 months
prior to study
entry; stage I–III

armadha,
M. P., et al.
(2012);
India

Premenopausal
women;
hormone
sensitive early
breast cancer

Retrospective

154/154
(101 for hormonal
values)

Study
group: 44
Control
group:
43.5

29/27
4 age cohorts:
25–34 years (n=6)
35–39 years (n=8)
40–44 years (n=7)
45–50 years (n= 8)

Median of
41

50
FAC/FEC (n=36)
TAC/TEC (n=14)

FAC/FEC
group: 41
TAC/TEC
group: 38
(ns)

Hormone
receptor
status (n)
HR+/HR-

112/42

21/8

50/0

Use of
Tamoxifen
(n)

Chemotherapy
regimens

Menses
recovery
Premenopausal
FSH (FSH <45.7
mIU/mL)

112

14
(AI plus
GnRH
agonist or
BSO in 6)

50

Markers of
recovery
assessed

ddAC or ddAC- ddpaclitaxel
or ddAC-weekly paclitaxel or
Docetaxel/
cyclophosphamide or
Docetaxel/carboplatin
Trastuzumab n=12
AI plus GnRH agonist or BSO
n=6

All patients received
endocrine adjuvant therapy
with tamoxifen.

Exposure/ Intervention
(factor)

Addition of taxanes to
anthracycline-based
chemotherapy regimens
(6FEC vs
3FEC+3Docetaxel)
Younger age
(≥ or < 40 years)

Menses
recovery
Baseline levels of AMH
and/or
and inhibin B
Oestradiol > 10
pg/mL

Menses
recovery

Addition of taxanes to
anthracycline-based
chemotherapy regimens
(FAC/FEC x 6 versus
TAC/TEC x 6)
Younger age
(≥ or <40 years)
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Study design
(follow-up)

Mean age
Number participants
Inclusion criteria
(significanc
included/ evaluated
e)

PerezFidalgo, J.
A., et al.
(2010);
Spain

Reh, A., et
al. (2008);
USA

Study

Retrospective

Pre- or perimenopausal
women,
diagnosed with
hormonesensitive early
breast cancer

305 (Anthracyclines
group n=212;
Anthracyclines and
taxanes group n=93)

Anthracycli
nes group:
44 (29–53)
Anthracycli
nes and
taxanes
group:
43 (29–53)
(ns)

Prospective
(mean of 28
months of
follow-up)

Women who had
a history of
breast cancer of
stages I-IIIa

45
(AC group n=28; ACT
group n=17)/ 25 in
second follow-up

ACT group:
38.4 ±5.6
AC Group:
41.4 ±3.3
(ns)

191

≤ 40 years;
n=157
> 40 years;
n= 34

Tham, Y. L.,
et al.
Retrospective
(2007); USA
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Less than 50 at
the start of
chemotherapy;
premenopausal

Hormone
receptor
status (n)
HR+/HR-

Use of
Tamoxifen
(n)

Chemotherapy
regimens

Markers of
recovery
assessed

305/0

305

Anthracyclines group:
ACx6/FACx6
Anthracyclines and taxanes
group:
FACx4+Paclitaxelx8w/ATx4+
CMFx4/TACx6
All patients received
adjuvant endocrine therapy.

Menses
recovery

Not
reported

Not
reported

Not
reported

106

Exposure/ Intervention
(factor)

Younger age
(< 40, 40-45 or
>45 years)

Menses
recovery

Addition of taxanes to
anthracycline-based
chemotherapy regimens
(AC versus ACT)

Menses
recovery

Addition of taxanes to
anthracycline-based
chemotherapy regimens
(AC versus ACT)
Younger age
( ≤ 40 years)

Results

Study

Lee, S., et
al. (2009);
Korea
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Study design
(follow-up)

Retrospective

Mean age
Number participants
Inclusion criteria
(significanc
included/ evaluated
e)
Premenopausal,
newly diagnosed
with localized
breast carcinoma
and less than 50
at time of
diagnosis

326
<40 n=128
≥40 n=198

42 (22-50)

Hormone
receptor
status (n)
HR+/HR-

Use of
Tamoxifen
(n)

246/78

238
(adjuvant
endocrine
therapy,
not
specified)

Chemotherapy
regimens

CT with and without
taxanes; some received
tamoxifen

Markers of
recovery
assessed

Exposure/ Intervention
(factor)

Addition of endocrine
Temporary CRA therapy to
Time to menses chemotherapy
recovery
Younger age
(≥ or < 40 years)

Abbreviations: AC, doxorubicin and cyclophosphamide; ACT, doxorubicin, cyclophosphamide and taxane; AI, aromatase inhibitor; AMH, anti-Müllerian hormone; BSO, bilateral salpingo-oophorectomy; CMF, cyclophosphamide, methotrexate and 5flourouracil; CRA, chemotherapy-related amenorrhea; CT, chemotherapy; dd, dose-dense; EC, epirubicin and cyclophosphamide; ER, estrogen receptor; FAC/FEC, 5-flourouracil, adriamycin/epirubicin and cyclophosphamide; FSH, follicle-Stimulating
Hormone; GnRH, gonadotropin-releasing hormone; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; ns, non-significant; T, taxane; TAC/TEC, taxane, adriamycin/epirubicin and cyclophosphamide.

259

Results

Chapter III

Table 3.3 Factors associated with recovery and markers assessed in the included studies.
Factor

Recovery marker

Studies
Badawy (2009)
Del Mastro (2011)
Elgindy (2013)

Menses recovery

Gerber (2011)
Munster (2012)
Song (2013)

Administration of GnRH agonist

Lambertini (2015)
Ovulation

Badawy (2009)
Del Mastro (2011)

Time to menses recovery

Gerber (2011)
Munster (2012)
Song (2013)

Pregnancy rate

Moore (2015)
Lambertini (2015)
Berliere (2008)

Menses recovery
Addition of taxanes

Narmadha (2012)
Reh (2008)
Tham (2007)

Premenopausal hormone values

Berliere (2008)
Narmadha (2012)
Pérez-Fidalgo (2010)

Menses recovery

Tham (2007)
Lee (2009)

Younger age

Berliere (2008)
Premenopausal hormone values

Berliere (2008)

Time to menses recovery

Lee (2009)

Addition of endocrine therapy

Menses recovery

Lee (2009)

Baseline AMH

Menses recovery

Henry (2014)
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Figure 3.2 Younger age (≤40 years) and menses recovery.
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Figure 3.3 GnRH agonist exposure and menses recovery.
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Figure 3.4 Taxane exposure and menses recovery.
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Figure 3.5 Risk of bias assessment in the included RCTs.

Figure 3.6 Risk of bias assessment in the included observational studies.
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4. Discussion
Our results confirmed that younger age (<40 years) is a major factor for recovery of ovarian
function in women who received CT for breast cancer because this factor was the most
significant factor for menses recovery (pooled OR of 6.07; Fig. 3.2).
The use of GnRHa was also identified as a significant factor for menses recovery regardless of
type of agonist used. However, we found substantial heterogeneity across studies (I2 = 60.91%,
P = 0.0177) (Fig. 3.3). Clinical and methodological sources of heterogeneity were identified and
limited the applicability of results. For instance, it is not clear which patient subgroups for
hormone receptor status could benefit most from this intervention. In addition, inconsistency
was evident concerning the definitions of ovarian dysfunction and recovery as well as time for
recovery assessment. For GnRHa exposure, other markers of recovery were evaluated. Although
the return of ovulation was significantly higher in women exposed to GnRHa (Badawy et al.,
2009), the results for pregnancy and recovery time outcomes were conflicting. Some studies
reported a significant beneficial effect of this exposure on ovarian function recovery (Song et al.,
2013; Moore et al., 2015), but others did not (Del Mastro et al., 2011; Gerber et al., 2011;
Munster et al., 2012; Lambertini et al., 2015). The published consensus statements and
guidelines also include distinct recommendations regarding the use of GnRHa for FP. The latest
guidelines from ASCO (Loren et al., 2013) and the European Society for Medical Oncology
(Peccatori et al., 2013) still consider this approach to be experimental, but St. Gallen’s consensus
recommends GnRHa for premenopausal women with estrogen receptor-negative tumours
(Coates et al., 2015), and another consensus states that GnRHa administration is a reliable
strategy to preserve ovarian function and fertility (Lambertini et al., 2016). Considering the
conflicting results regarding GnRHa use, other FP strategies should also be considered.
Another factor that was assessed was the addition of taxanes (Berliere et al., 2008; Tham et al.,
2007; Reh et al., 2008; Narmadha et al., 2012). Despite the possible advantage of a lower
number of cycles with cyclophosphamide, taxane exposure was not associated with an increase
in menses recovery. Meta-analysis results for this outcome indicate that taxane exposure can
inclusively be regarded as a negative factor for recovery (OR 0.488; 95% CI, 0.299–0.796; P =
0.004) (Fig. 3.4). In contrast, the only study evaluating recovery of premenopausal FSH levels
(Berliere et al., 2008) showed that exposure to taxanes increased recovery, although the effect
was not significant and the number of patients assessed for this outcome was low.
Only one small study (Henry et al., 2014) evaluated baseline AMH as a factor for menses
recovery. AMH is known to be an important marker of ovarian reserve and is considered a
promising predictor of future fertility in young cancer patients (Broer et al., 2014; Dewailly et
al., 2014). However, the very small sample may have limited the statistical power for detecting
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associations in multivariate analysis and did not allow for the identification of a cut-off value for
recovery. Other indirect ovarian reserve markers, such as AFC, were rarely assessed.
Concerning endocrine therapy exposure, more data from prospective controlled studies are
needed. In the study by Lee et al. (2009), the type of endocrine therapy used was not uniform,
and the short duration of follow-up may have underestimated recovery in the exposed group.
To the best of our knowledge, this is the first published study that evaluates a broad range of
potential factors associated with ovarian function recovery. Our search was not restricted to any
particular factor but intended to find every published study assessing one or more factors
related to recovery. We believe that the identification of these factors will be important to
support counselling for young breast cancer patients regarding their infertility risks and available
FP options.
Other publications on this subject only assessed the impact of the addition of GnRHa to
chemotherapy (Vitek et al., 2014; Shen et al., 2015; Munhoz et al., 2016). Similar to our results,
two of them (Shen et al., 2015; Munhoz et al., 2016) have shown a higher rate of menses
recovery with GnRHa. However, in the study by Shen et al. (2015), the
effect was only significant in the subgroups of older (age >35 years) and hormone receptornegative patients. In a review by Vitek et al. (2014), which included only breast cancer patients
who did not receive tamoxifen, no significant differences in the rate of menses recovery were
found. In the study by Munhoz et al. (2016), the beneficial effect was confirmed by a higher
number of pregnancies in the group exposed to GnRHa (OR 1.85; 95% CI, 1.02–3.36; P = 0.04).
However, as stated by the authors, this outcome was not a primary end point for the included
studies, and the number of attempted pregnancies was not uniformly reported.
There are some potential limitations to our review. Our search did not include unpublished
literature and some articles were excluded because they were written in languages such as
Chinese or Czech. Concerning the meta-analysis, the substantial heterogeneity limits the
interpretation of results. Furthermore, we did not have access to individual patient information.
Limitations were also found in most of the included studies. Recovery was mainly evaluated
using menses, which is a marker that is not considered reliable for ovarian function and fertility
assessment. Diverse definitions for amenorrhoea and menses recovery were used across
studies. Moreover, when other markers, such as FSH or LH values, were assessed the data were
often incomplete. It would be important in future studies to include additional markers, such as
AMH and AFC. Pregnancy was also used as a marker but not always as a primary end point.
Moreover, the number of attempted pregnancies and the pregnancy outcomes were not
consistently reported.
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Regarding study design, potential methodological limitations were found. The observational
studies were mainly retrospective. Only one was a large prospective controlled study (Berliere
et al., 2008).
Furthermore, participation bias (small samples) and attrition bias (patients lost to follow-up)
were seen in prospective studies and the presence of confounders, i.e. unbalanced age groups
or heterogeneous CT regimens, was also found. Other limitations affected the interpretation of
the results. Some studies (Gerber et al., 2011; Elgindy et al., 2013; Moore et al., 2015) included
only hormone receptor negative patients and eliminated the potential confounding effect of
tamoxifen but many others included both hormone receptor-positive and -negative patients or
this information was absent (Tham et al., 2007; Reh et al., 2008; Badawy et al., 2009). Concerning
patient’s age, in the studies by Song et al. (2013), Berliere et al. (2008), Munster et al. (2012)
and Pérez-Fidalgo et al. (2010), the mean patient age was 41, 44, 45 and 43 years, respectively,
which may have contributed to diminished recovery. Furthermore, five of the included studies
followed patients for 12 months or less. Longer follow-up times may be needed to appropriately
assess recovery.
A high risk of bias was found in four RCTs, including lack of outcome data, selective outcome
reporting and other, such as the absence of hormone receptor or endocrine therapy status (Fig.
3.5). Additionally, most studies did not assess other factors that may influence fertility, such as
smoking or BMI.

Conclusion
An age <40 years was the most relevant factor associated with ovarian function recovery after
chemotherapy for breast cancer. Our results favoured the use of GnRHa for FP but we have to
keep in mind the substantial heterogeneity and conflicting results for some recovery markers.
Therefore, other FP strategies should also be considered in premenopausal women with breast
cancer. Concerning chemotherapy regimens, our results showed that the decision to use taxanes
must take into account potential adverse effects on female fertility.
Additional trials are needed to reach definitive conclusions about factors such as prechemotherapy AMH levels, different chemotherapy regimens and endocrine therapy in
recovery. Furthermore, future studies should track ovarian function recovery over longer time
periods and consider the use of ovarian reserve markers.
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Supplementary File I
Search Strategy in PubMed MEDLINE
((("breast

cancer"[Title/Abstract]

OR

"breast

neoplasm"[Title/Abstract]

OR

"breast

carcinoma"[Title/Abstract] OR "breast tumor"[Title/Abstract] OR "breast tumour"[Title/Abstract] OR
breast neoplasm[MeSH])) AND (chemotherapy[Text Word] OR antineoplastic[Text Word] OR
"Antineoplastic Agents"[Mesh] OR "Antineoplastic Combined Chemotherapy Protocols"[Mesh])) AND
((amenorrhea[Text Word] OR “Amenorrhea"[Mesh] OR "Primary Ovarian Insufficiency"[Mesh] OR
menstruation OR menses OR menstrual OR "Menstruation"[Mesh] OR “Menstrual cycle”[Mesh] OR
"Menopause, Premature"[Mesh] OR “ovarian function” OR “ovary function” OR ovarian reserve OR
ovarian markers OR “ovary failure” OR “ovarian failure” OR Ovary/drug effects[MeSH] OR Ovarian
diseases/chemically induced[MeSH] OR "Ovary/injuries"[Mesh] OR "Ovary/physiology"[Mesh] OR
mullerian OR “antral follicle” OR Ovarian Function Tests[Mesh] OR "Follicle Stimulating Hormone"[Mesh]
OR "Anti-Mullerian Hormone"[Mesh] OR conception OR motherhood OR offspring OR Pregnancy[MeSH]
OR Pregnancy rate[MeSH] OR "Time-to-Pregnancy"[Mesh] OR "Fertility"[Mesh] OR "Infertility"[Mesh] OR
"Live Birth"[Mesh])). Publication date from 1990/01/01
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1. Introduction
Breast cancer (BC) is the second most frequent cancer in the world and by far the most
frequent cancer among women, with an estimated 1.67 million new diagnoses in 2012
(International Agency for Research on Cancer 2012). Although most cases are diagnosed in
women older than 40 years of age, it is also the leading type of cancer in younger women, with
an incidence around 6.6%, being also the most lethal (Assi, Khoury et al. 2013, Ribnikar, Ribeiro
et al. 2015). BC in young women is more likely to be of a more aggressive subtype, such as
triple negative or HER2-positive BC and to be diagnosed at a more advanced stage(Assi, Khoury
et al. 2013). Still, in women under the age of 40 with BC, survival rates range from 72-85%
(Anders, Johnson et al. 2009, UK Cancer Research 2013). Young BC women are often treated
with first-line (neo) adjuvant chemotherapy (CT) regimens that include gonadotoxic agents,
like cyclophosphamide and anthracyclines. Additionally, because the mean age of women at
childbirth has been increasing in recent decades (OECD - Social Policy Division - Directorate of
Employment 2015), it is now more likely that a cancer diagnosis occurs in childless women.
Thus, BC survivors have to deal with reproductive concerns and engage in family planning
decisions, more and more often.
The identification of (in)fertility in cancer patients has been traditionally based on the
presence or absence of amenorrhea. This clinical surrogate marker is currently known to be a
poor and late marker of damaged ovarian function (Ruddy and Partridge 2012). Female
reproductive potential is mainly dictated by the ovarian reserve (OR), i.e. the pool of nongrowing (primordial) ovarian follicles present in the ovaries at a specific time point. Although
it is not possible to directly measure the OR, various indirect markers are available. The AntiMullerian Hormone (AMH), produced by the granulosa cells of growing follicles and the Antral
Follicle Count (AFC), assessed by intravaginal ultrasound, are highly inter-correlated measures
and are currently recognized as the most specific surrogate markers of OR (Partridge, Ruddy
et al. 2010, Su, Chung et al. 2011, Nelson 2013). In comparison to other endocrine markers
such as follicle-stimulating hormone (FSH) and oestradiol, AMH presents the additional
advantage of little inter and intra-cycle variability (Dewailly, Andersen et al. 2014). The
measurement of serum AMH levels is now recognized as a relevant tool for OR assessment
and follow-up during treatment in premenopausal women with BC (Freour, Barriere et al.
2017) even though it is not yet accepted as a criteria used to identify women with premature
ovarian insufficiency (POI) induced by chemotherapy (van Dorp, Mulder et al. 2016, Webber,
Davies et al. 2016).
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Much is still to be known about the mechanisms and gonadotoxic effects of specific CT
regimens for BC. The more commonly used regimens include a combination of three cytotoxic
agents (cyclophosphamide, an anthracycline and a taxane), with the addition of targeted
therapy (TT) for Her2-positive tumours, followed by hormonal therapy (HT) for hormone
sensitive tumours. While cyclophosphamide and anthracyclines are recognized gonadotoxics, it
is not definitely established if the addition of a taxane contributes to the impact of CT on OR
(Freour, Barriere et al. 2017), despite their widely use in current regimens for BC. As for
targeted therapy agents, the data currently available is limited although some clinical studies
do not indicate ovarian toxicity with exposure to trastuzumab (Abusief, Missmer et al. 2010,
Ben-Aharon, Granot et al. 2015). Furthermore, HT with tamoxifen is the mainstay of HT for
premenopausal BC patients and is currently recommended for a time period of up to 10 years
(Anampa, Makower et al. 2015) which further narrows the reproductive window of BC
patients. In this scenario, the assessment of the risk of infertility in BC woman and their
reproductive counselling can be challenging tasks. There is a clear need to prospectively collect
data on the reproductive health outcomes of BC patients exposed to modern treatment
regimens, using reliable fertility markers, in order to support an informed and shared decision
on fertility preservation (FP).
In order to gather additional information on the gonadotoxicity of CT regimens for BC and to
improve the reproductive counselling of young female patients with BC, this study had the
following objectives:
1. To prospectively measure levels of OR markers in a cohort of young women with BC
exposed to CT;
2. To identify adverse reproductive health outcomes during and after CT: amenorrhea,
decreased OR, ovarian function impairment and POI;
3. To assess the influence of patient and treatment-related factors in those outcomes.

2. Methods

2.1. Patients and study design
This prospective observational study was conducted at the Center for Fertility Preservation
(CFP) of the Coimbra Hospital and University Centre (CHUC, EPE). Patients included were
premenopausal women, aged 18 to 40 years at the time of BC diagnosis and undergoing (neo)
adjuvant CT. Exclusion criteria were metastatic BC, pregnancy, levels of AMH below the
quantification limit or history of previous gonadotoxic chemo/radiotherapy. Women with BC
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that were scheduled for a first consultation for FP counselling in the CFP were invited to
participate. Recruitment took place between July 2014 and September 2016 and all
participants signed an informed consent. The study received ethical approval by the
institutional ethics committee and authorization to collect patient’s data from the Portuguese
Data Protection Authority. Hormonal (FSH, AMH) and ultrasound (AFC) ovarian reserve
markers were assessed at several time points (Figure 4.1):
1) Before CT initiation;
2) During CT, in patients where treatment with taxane was sequential to the anthracyclinebased regimen;
3) Up to 1 month after the end of CT;
4) At six months after the end of CT;
5) At a minimum of 9 months after the end of CT.
Demographic, reproductive, menstrual and clinical data were collected at the time of patient
recruitment (by interview and review of clinical records) and updated at subsequent
appointments during and after CT.

Legend: AFC – antral follicle count; AMH – anti-Mullerian hormone; CT – chemotherapy; FSH – follicle-stimulating hormone; POI – premature ovarian
insufficiency.

Figure 4.1 Schematic representation of the study design.

2.2. Reproductive health outcomes

Menses and ovarian reserve markers
Self-reported menstrual data was collected at the time of recruitment and updated at
subsequent appointments.
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Blood samples for hormonal assays were drawn by venous puncture, regardless of the phase
of the menstrual cycle. In a few cases, blood samples were collected, and serum was frozen, in
a private clinic located in a different country region, for patient convenience. All samples were
centrally analysed for AMH and FSH levels at the Clinical Pathology Department of CHUC, EPE.
AMH was measured by the UltraSensitive AMH ELISA assay kit (Ansh Labs) with a Limit of
Quantification (LoQ) of 0.06 ng/mL. FSH was measured by the ADVIA Centaur® FSH
immunoassay, with a LoQ of 0.3 mIU/mL.
Antral follicle count (AFC) by intravaginal ultrasound was performed by experienced
gynaecologists at the CFP and the private clinic. The total number of ovarian follicles with 2 to
10 mm of diameter, in both ovaries, was documented (Broekmans, de Ziegler et al. 2010).
Ultrasound examinations took place regardless of the patient’s phase of the menstrual cycle
due to time constraints (pre-CT evaluation) and patient convenience (during and after CT
evaluations). Furthermore, several women became amenorrheic during and after CT, making
impossible to identify the optimal day of the cycle. At each time point, AFC was not performed
if the participants were under ovarian suppression with GnRH agonists.

Recovery of ovarian function
Recovery of ovarian function at the last follow-up was defined with one of the following
criteria:
1) Post-CT return of menses and recovery of at least one of the measures of OR (FSH level ≤25
mIU/mL or AMH level ≥ baseline level/expected median level for age or AFC ≥ baseline level/
expected median count for age;
2) The occurrence of pregnancy at any point after the end of chemotherapy.
The expected AMH and AFC levels for age were set based on median results obtained by Seifer
(Seifer, Baker et al. 2011) and Almog (Almog, Shehata et al. 2011), correspondingly.
Published data suggest that patients under tamoxifen therapy may have reduced FSH levels
(Rossi, Morabito et al. 2009, Su 2010) and exposure to GnRH agonists (GnRHa) also
downregulates the levels of FSH (Kumar and Sharma 2014). Tamoxifen does not seem to
interfere with AMH levels (Dezellus, Barriere et al. 2017, Shandley, Spencer et al. 2017, Trapp,
Steidl et al. 2017) but the effect of GnRHa in the OR is still poorly understood (Anderson,
Themmen et al. 2006, Hagen, Sorensen et al. 2012, Su, Maas et al. 2013). Due to these
uncertainties, ovarian function recovery was not assessed in women with premenopausal FSH
levels that were exposed to some form of HT.
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Premature Ovarian Insufficiency
According to the recommendations from the European Society of Human Reproduction and
Embryology (Webber, Davies et al. 2016), Premature Ovarian Insufficiency (POI) i.e. loss of
ovarian activity before the age of 40, was defined as the occurrence of oligo/amenorrhea for
at least four months and elevated FSH serum levels (>25 IU/L) on two occasions more than
four weeks apart, after CT. Patients under ovarian suppression with a GnRHa and therefore
amenorrheic, were not evaluated for the occurrence of POI.

2.3. Statistical analysis
The analysis was performed with the software Statistical Package for Social Sciences (SPSS)
version 21.
Non-parametric tests were used due to the small sample size and deviation from normality of
most variables. Spearman’s Rho (ρ) was used to test the association between variables. MannWhitney and Kruskall-Wallis tests were used to compare 2 and 3 or more groups, respectively.
Paired sample analysis was conducted using the Wilcoxon signed-rank test. The significance
level was set at 0.05. All measurements of AMH below the limit of quantification (LoQ = 0.06
ng/mL) were assigned the value of 0.06 ng/mL.

3. Results
3.1. Patients’ characteristics and cancer treatments
A total of forty six women were recruited. One patient with baseline level of AMH below the
LoQ and an FSH of 54 mIU/mL was excluded at enrolment. Seven participants were lost to
follow-up. Two of them were unreachable and the other five dropout of the study due to
clinical deterioration (n=1), patient’s decision (n=3) and emigration (n=1). From the total
number of patients included in the study (n=45), thirty six (n=36) were evaluated at six months
after the end of CT (Figure 4.2) and twenty-four (n=24) in a subsequent follow-up at a
minimum of 9 months after the end of CT. Median age of participants at study inclusion and at
the last follow–up was 33 years (mean 32.9 ± 3.5 years; min 25-max 39) and 34 years (mean
34.5 ± 3.7 years; min 27-max 41), respectively. The last follow-up occurred at a mean of 17
months (range 6 – 35 months) after the end of CT and a mean of 2 years (range 1-3 years) after
recruitment (Table 4.1).
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Legend: CT – chemotherapy

Figure 4.2 Flow diagram of participation in the study.
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Table 4.1 Patient’s age at recruitment and at the last follow-up and time periods between recruitment,
end of chemotherapy and the last follow-up.

Legend: CT – chemotherapy; M – months; Y – years.

Baseline demographic, obstetric and fertility preservation data for the 38 participants are
detailed in Table 4.2. At the time of recruitment, seven of the participants were overweight,
three were obese, five were past smokers and two were current smokers. All but one
participant had been previously exposed to some form of hormonal contraception (HC). In
most of them, HC was discontinued less than 2 months before the baseline evaluation, usually
at the time they received the BC diagnosis. The vast majority of participants had a university
level of education, (26/38; 68%). Twenty-five patients were childless at diagnosis (25/38; 66%).
After their first consultation at the CFP for FP counselling before cancer treatment initiation,
twenty-seven decided to undergo FP (27/38; 71%), by freezing oocytes (n =23), oocytes and
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embryos (n=2) or ovarian tissue (n=2). From those who did not undergo FP (n=11), seven had
already children, three were single and two did not have a partner. Figure 4.3 shows the
relations between fertility preservation decision/techniques and patients’ education level,
marital status and obstetrical history.

Table 4.2 Baseline demographic, obstetric and fertility preservation characteristics of the study
participants.

Legend: BMI – Body Mass Index; CT – Chemotherapy; HC – Hormonal contraception; GnRHa – Gonadotropin-Releasing Hormone agonist
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Legend: ECr – embryo cryopreservation; G;P – gravidity; parity; 9G -9th grade; HS – high school; M – married; OCr – oocyte cryopreservation; S –
single; P – partner; OTCr – ovarian tissue cryopreservation; U – university W/D – widowed/divorced w/P – without partner.

Figure 4.3 Relations between fertility preservation decision/performed techniques and patients’
education level, marital status and obstetrical history at baseline.

Systemic treatments for BC are presented in Table 4.3, organized according to the tumour
biology. Eight patients were treated with cytotoxic CT only (triple-negative tumours), five with
CT + TT (Her2-positive tumours), fifteen with CT + some form of HT (HR-positive tumours) and
ten patients with CT + TT + HT (triple-positive tumours). Concerning the CT regimens, most
women (32/38; 84%) received an anthracycline-based chemotherapy regimen followed by a
taxane (FEC, AC or EC and sequential docetaxel and/or paclitaxel) with or without targeted
therapy (mainly trastuzumab) and hormonal therapy (tamoxifen, aromatase inhibitor and/or
ovarian suppression agents). Tables 4.4 and 4.5 present additional information about the
diversity of antineoplastic, targeted therapy and hormonal therapy agents, and the diversity of
CT regimens to which the participants were exposed. All regimens included at least one taxane
and all but three patients were exposed to cyclophosphamide (35/38; 92%). CT duration varied
from 12 to 24 weeks with a median of 18 weeks (Table 4.5).
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Table 4.3 Type of systemic treatments for breast cancer in each participant, organized by the
corresponding tumour biology.

Legend: CT – chemotherapy; HER2 - Human Epidermal growth factor Receptor-type 2; HR – hormonal receptors; HT – hormonal therapy; seq –
sequential; TT – targeted therapy.
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Table 4.4 Chemotherapy, targeted therapy and hormonal therapy agents to which each participant was
exposed.

Legend: C – cyclophosphamide; Cap – capecitabine; CT – Chemotherapy; D – doxorubicin; 5-FU – fluorouracil; E - epirubicin; Exem – exemestane;
Gos – goserelin; GnRHa - gonadotrophin‐releasing hormone agonists; HT – hormonal therapy; P – paclitaxel; PZM – pertuzumab; T – docetaxel; Tam
– tamoxifen; TT – targeted therapy; TZM – Trastuzumab.
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Table 4.5 Treatment combinations of chemotherapy, targeted therapy and hormonal therapy and
corresponding sequence and length that were administered to each patient.

Legend: AC – doxorubicin hydrochloride (Adriamycin) and cyclophosphamide; Cap – capecitabine; CT – Chemotherapy; EC - epirubicin and cyclophosphamide; Exem –
exemestane; FEC - Fluorouracil, epirubicin and cyclophosphamide; GnRHa - gonadotrophin‐releasing hormone agonists; HR – hormonal receptors; Her2 - Human Epidermal
growth factor Receptor-type 2; P – paclitaxel; PZM – pertuzumab; T – docetaxel; Tam – tamoxifen; TC – docetaxel and cyclophosphamide; TE – docetaxel and epirubicin; TZM
– Trastuzumab; W – weeks; Y – years.
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3.2. Reproductive health outcomes

3.2.1. Menses
All patients reported regular menses at the time of recruitment. At the first follow-up after the
end of CT, only 4 patients reported menses (4/32; 13%). Detailed information on the
occurrence of menses, in each patient, at the two follow-ups after the end of CT can be seen in
Table 4.6.
Table 4.6 Patient’s self-reported regular menses (Yes/No) at baseline, 1 month after the end of CT and
at the last follow-up.

Legend: AMH – Anti-Mullerian Hormone; CT – Chemotherapy; FSH – Follicle-stimulating Hormone; GnRHa - GnRHa - gonadotrophin‐releasing
hormone agonists; N – No; N.A. – not applicable; Y – Yes.
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As represented in Figure 4.4, the occurrence of menses at the last follow-up was assessed in a
total of 35 patients: ten reported regular menses (n=10/35) and twenty-five (n=25/35)
reported amenorrhea (absence of menstrual periods) or oligomenorrhea (i.e. menstrual
periods occurring at intervals of greater than 35 days). Most of the amenorrheic patients were
under ovarian suppression (n=16). From the nine that were not under therapy with GnRHa, six
were amenorrheic and three were oligomenorrheic (9/35; 26%). Moreover, the majority of
patients reporting regular menses presented low levels of OR markers (AMH levels below the
normal for their age and/or FSH levels >25 mIU/mL), at the last follow-up (7/10; 70%).

Legend: AMH – Anti-Mullerian Hormone; FSH – Follicle-stimulating Hormone; GnRHa - gonadotropin‐releasing hormone agonists; N.A. – not
applicable.

Figure 4.4 Patient distribution according to menstrual status at the last follow-up and corresponding
levels of OR markers.

3.2.2. Ovarian reserve markers
A total of 152 evaluations of hormonal and/or ultrasound markers were made throughout the
study: at baseline (n = 45), during CT (n =21), at a mean of 27 days [range 11-55] after the end
of CT (n =31), at a mean of 6 months [range 6-8] after the end of CT (n = 32) and at a minimum
of 9 months after the end of CT (n = 23). The mean time between the end of CT and each
patient’s last follow-up was of 18 months.

Ovarian reserve markers at baseline
Table 4.7 presents the baseline levels of AMH, AFC and FSH for each of the participants.
Mean baseline AMH in this cohort was of 3.1 ± 2.9 ng/mL (n=38; median of 2.2 ng/mL) and
mean AFC was of 10.6 ± 5.2 (n=35; median of 9). Twenty-two (22/38; 58%) and sixteen women
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(16/35; 46%) presented AMH levels and AFC that were normal (equal/above) according to the
expected values for their age, respectively. In some, AMH levels were consistent with
polycystic ovarian syndrome (PCOS), which is a frequent benign condition in young women. In
the remaining participants, AMH levels and AFC at recruitment were below the expected
normal values for age. The baseline levels of AMH and AFC were strongly inter-correlated (ρ=
0.656; p<0.001) and negatively correlated with patient’s age (AMH, ρ= -0.41, p=0.01; AFC, ρ= 0.37, p=0.028). A total of 36 patients had their FSH levels assessed at baseline and mean levels
were 7.1 ± 5.6 mIU/mL (with a median of 5.2 mIU/mL). Only one patient presented a baseline
FSH level >25 mIU/mL.
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Table 4.7 Baseline levels of ovarian reserve markers (AMH, AFC and FSH) and patient’s categorization
according to expected AMH/AFC values for their age, BMI, smoking status and previous exposure to HC.

Legend: AFC – Antral Follicle Count; AMH – Anti-Mullerian Hormone; BMI – Body Mass Index; FSH – Follicle-stimulating Hormone; HC – Hormonal
Contraception; ** Not assessed
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A distribution of patients with normal/high or low AMH levels considering their weight,
smoking status and HC use at baseline can be seen in Figure 5. Current smokers (n=2) had
lower than expected AMH levels. However, the proportion of patients with lower AMH was
similar in the groups of past smokers compared with those who had never smoked. Half of
those who had discontinued HC less than 2 months before (10/20) presented low baseline
AMH as compared to less than one third (5/17) of those who had discontinued HC more than 2
months before. All women that were overweight (n=7) had normal AMH levels and only one of
the obese patients (1/3) presented low baseline AMH.

Legend: AMH – Anti-Mullerian Hormone; BMI – Body Mass Index; HC – Hormonal Contraception; NW- normal weight; Ob – obese; OW - overweight.

Figure 4.5 Distribution of patients with normal/higher and lower AMH levels considering their weight,
smoking status and HC use at baseline.

An overview of the levels of the three OR markers at baseline, for each patient, is presented in
Figure 4.6. Patients are organized in ascending order with respect to their age at recruitment.
Their categorization according to the expected AMH and AFC levels is also included. Most
patients with lower than expected AMH levels at baseline had also lower than expected AFC.
Yet, ten of the patients with lower than expected AFC had normal/high AMH. A trend towards
higher AMH and AFC in younger patients is visible, in accordance with the previously
mentioned correlations of baseline AMH and AFC with patient’s age.
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Legend: AFC – Antral Follicle Count; AMH – Anti-Mullerian Hormone; FSH – Follicle-stimulating Hormone; N – No; Y – Yes; < - below; ≥ - equal/above;
* - on goserelin; ** - not performed.

Figure 4.6 Baseline levels of AMH, AFC and FSH for each patient, presented in ascending order of
patient’s age at recruitment.

Evolution of ovarian reserve markers
Table 4.8 presents the mean levels of AMH, AFC and FSH measured at baseline, during CT, at a
mean of 27 days after the end of CT and at each patient’s last available follow-up (mean of 18
months after the end of CT).
Table 4.8 Mean and median levels of ovarian reserve markers (AMH, AFC and FSH) measured at
baseline, during CT, 1 month and at a mean of 18 months after the end of CT.

Legend: AFC - antral follicle count; AMH - anti-Mullerian hormone; CT - chemotherapy; FSH - follicle-stimulating hormone; SD - standard deviation.
1 as compared to baseline, p˂0.001; 2 as compared to baseline, p=0.001; 3 as compared to the previous follow-up, p=0.03; 4as compared to the
previous follow-up, p˂0.001
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Anti-Mullerian Hormone (AMH)
The levels of AMH significantly decreased from baseline to the post-CT follow-ups, both at 1
month after CT (z= -4.78, p˂0.001) and at a mean of 18 months after CT (z=-4,9; p˂0.001).
However, a significant increase of AMH levels between these two last follow-ups was noticed
(z=-2.9, p=0.003). A detailed picture of the evolution of AMH in each patient can be seen in
Table 4.9. During the course of the study, the number of patients with AMH levels below the
LoQ increased from 12 during CT (12/21; 57%) to 28 at 1 month after CT (28/31; 90%) and then
decreased to 21 (21/35; 60%), at the last available follow-up for each patient. Still, at the end
of the study, 30 patients (30/35; 86%) had AMH levels below the expected values for age and
only one had recovered to baseline levels. Among those whose AMH levels re-increased at
some point after CT (n=12), the mean monthly recovery rate was of 2.1%.
Table 4.9 Evolution of AMH levels, in each patient, from baseline until the last follow-up.

Legend: AMH - anti-Mullerian hormone; CT - chemotherapy; Ɨ non-sequential taxane; ** Not assessed; ***Missed clinical appointment; § Relapse
between the two last follow-ups; second line CT with T, TZM and PZM; 1 According to (Seifer, Baker et al. 2011).
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Figures 4.7, 4.8 and 4.9 clearly show the persistent negative evolution of AMH levels from
baseline until the last follow-up, in three different perspectives: patients are ordered according
to time to last follow-up (Figure 4.7), baseline AMH levels (Figure 4.8) and age at recruitment
(Figure 4.9). These graphics illustrate a tendency for higher AMH levels in patients with longer
follow-up time, higher baseline AMH and younger at recruitment. These relations were
confirmed by the subsequent significant correlations that were found (vide 3.3.1., 3.3.2 and
3.3.3). In addition, Figure 4.9 reinforces the fact that most patients presented lower than
expected AMH levels, at the last follow-up.

Legend: AMH - anti-Mullerian hormone; CT – chemotherapy.

Figure 4.7 Patients’ AMH levels at the various time points of the study presented in ascending order
with respect to time between the end of CT and the last follow-up.
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Legend: AMH - anti-Mullerian hormone; CT – chemotherapy.

Figure 4.8 Patients’ AMH levels at the various time points of the study presented in ascending order
with respect to their baseline AMH levels.

Legend: AMH - anti-Mullerian hormone; CT – chemotherapy; ≥ Equal/above; < Below.

Figure 4.9 Patients’ AMH levels at the various time points of the study and corresponding classification
according to the expected value for age, presented in ascending order with respect to patient’s age at
recruitment.
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Antral Follicle Count (AFC)
At baseline, 35 patients performed AFC and most presented normal counts considering the
expected values for their age (16/35; 46%). The number of performed counts was reduced to
21, at the last available follow-up, most often because patients were under ovarian
suppression with a GnRHa. Mean baseline AFC was of 10.6 ± 5.2 (median of 9), a number that
progressively and significantly decreased to 2.2 ± 3.0 AF (median of 2), at the last follow-up (z=
-3.9, p<0.001). The evolution of AFC in each patient, from baseline to the last follow-up, can be
seen in Table 4.10. No patient recovered to their initial AFC. Patient 20 was the only who
presented an AFC above the normal median value for her age, at her last follow-up (28 months
after the end of CT).

Table 4.10 Evolution of AFC, in each patient, from baseline until the last follow-up.

Legend: Ɨ non-sequential taxane; * on goserelin; ** Not assessed; ***Missed clinical appointment; § Patient relapsed between the two last followups and underwent second line CT with docetaxel, trastuzumab and pertuzumab; 1 According to (Almog, Shehata et al. 2011).
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The evolution of AFC in relation to time to follow-up, baseline AFC and age at recruitment is
represented in Figures 4.10 to 4.12. Data on patient’s exposure to GnRHa at the last follow-up
was included as AFC was not performed in this subset of patients under ovarian suppression.
A very slight tendency to a higher number of AF at the last follow-up in patients with longer
follow-up (Figure 4.10) and those younger at recruitment (Figure 4.12) may be pointed,
although the associations seem less significant than those found with AMH evolution. In fact,
no correlations were found between these variables and AFC at the last follow-up (c.f. 3.2.1
and 3.3.3). Figure 4.11 highlights the transversally low number of AF at the last follow-up, as
compared to the values that would be expected considering patients’ age and irrespective of
patients’ baseline counts.

Legend: AFC - antral follicle count; CT – chemotherapy; GnRHa – gonadotropin-releasing hormone agonist.

Figure 4.10 Patients’ AFC at the various time points of the study, presented in ascending order of time
between the end of CT and the last follow-up.
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Legend: AFC - antral follicle count; CT – chemotherapy; GnRHa – gonadotropin-releasing hormone agonist.

Figure 4.11 Patients’ AFC at the various time points of the study and corresponding expected counts for
age, presented in ascending order of the baseline AFC values.

Legend: AFC - antral follicle count; CT – chemotherapy; GnRHa – gonadotropin-releasing hormone agonist.

Figure 4.12 Patients’ AFC at the various time points of the study, in ascending order of patient’s age at
recruitment.
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Follicle-Stimulating Hormone
Thirty-six patients had their FSH levels assessed at baseline. Only one presented an FSH level
>25 mIU/mL. Mean FSH levels at baseline were 7.1 ± 5.6 mIU/mL (median of 5.2 mIU/mL).
Although a high variability was observed, these levels significantly increased at the follow-up 1
month after CT (n=28; z=-4.2, p<0.001). Considering each patient’s FSH at last follow-up, a
significant decrease was found comparatively to the first follow-up after CT (z= -3.8, p<0.001)
and the distribution of FSH was no longer different as compared to baseline (z=-1.26; p=0.206).
A detailed picture of the evolution of FSH levels throughout the study, in each patient, is
presented in Table 4.11. One month after the end of CT, 20 patients presented FSH >25
mIU/mL. At the last follow-up, a minimum of six months after CT, eight participants (8/30;
27%) had levels consistent with menopausal status (>25 mIU/mL).
Table 4.11 Evolution of Follicle-Stimulating Hormone (FSH) levels in each patient, from baseline until the
last follow-up.

Legend: Ɨ non-sequential taxane; * On GnRHa; ** Not assessed; ***Missed clinical appointment; § Relapse between the two last follow-ups and
second line CT with docetaxel, trastuzumab and pertuzumab.
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An overview of the evolution of FSH levels in relation with time, baseline levels and patients’
age at recruitment can be seen in Figures 4.13 to 4.15. As compared to the previous results for
AMH and AFC, FSH levels at the last follow-up seem less dependent on those variables. In fact,
no significant correlations were found between FSH levels at the last follow-up and time to
follow-up (ρ=0.035; p=0.881), baseline FSH (ρ=0.235; p=0.181) or patients’ age (ρ=0.125;
p=0.474). It is also noticeable that most patients presented lower FSH levels in the last followup as compared to the 1 month after CT follow-up. We have to keep in mind that many
patients were still under HT at the last follow-up.

Legend: FSH - follicle-stimulating hormone; CT – chemotherapy; HT – hormonal therapy.

Figure 4.13 Patients’ FSH levels at the various time points of the study, presented in ascending order of
the time between the end of CT and their last follow-up.
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Legend: FSH - follicle-stimulating hormone; CT – chemotherapy; HT – hormonal therapy.

Figure 4.14 Patients’ FSH levels at the various time points of the study, presented in ascending order of
their baseline FSH levels.

Legend: FSH - follicle-stimulating hormone; CT – chemotherapy; HT – hormonal therapy.

Figure 4.15 Patients’ FSH levels at the various time points of the study, presented in ascending order of
their age at recruitment.

Ovarian reserve markers at the last follow-up
An overview of the levels of AMH, AFC and FSH at the last follow-up, in each patient, can be
seen in Table 4.12. AMH and AFC were positively and significantly inter-correlated (n=21;
ρ=0,429; p=0.05). Figure 4.16 gives a general insight on how the levels of OR markers compare
with the corresponding levels expected according to patient’s age (AMH, AFC) or the defined
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cut-off value (FSH). It is clear from the observation of both Table 12 and Figure 16 that most
patients presented lower than expected values of AMH (30/35; 86%) and AFC (20/21; 95%), at
their last follow-up. As for FSH levels, the proportion was much less expressive (8/35; 23%).
Figure 4.16 also highlights the fact that the levels of AMH and AFC were lower than expected
in many of the patients who recovered regular menses.
Table 4.12 Levels of ovarian reserve markers (AMH, AFC and FSH) at each patient’s last follow-up and
corresponding categorization according to the corresponding expected values for age.

Legend: AFC – Antral Follicle Count; AMH – Anti-Mullerian Hormone; FSH – Follicle-stimulating Hormone; * Under ovarian suppression
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Legend: AFC – Antral Follicle Count; AMH – Anti-Mullerian Hormone; CT – chemotherapy; FSH – Follicle-stimulating Hormone; N – No; Y - Yes

Figure 4.16 Patients’ levels of OR markers at the last follow-up, ordered according to menstruation
status (Y/N), and their comparison with the corresponding expected levels for age (AMH, AFC) or the
cut-off value for menopause (FSH>25 mIU/mL).

3.2.3. Secondary reproductive health outcomes

3.2.3.1. Recovery of ovarian function
At their last available follow-up, ten women had not recovered their ovarian function (10/19;
53%) (Table 4.13). Their ages varied between 30 and 39 years and nine of them had at least
one OR marker below the level that would be expected for their age, at recruitment. Two of
these patients had not preserved fertility before CT. Five of them reported amenorrhea, three
irregular menses and all presented AMH levels below the LoQ and/or FSH levels consistent
with ovarian failure. The two patients who recovered regular menses had their OR markers
altered, particularly the levels of FSH. A total of nineteen patients (n=19) were not evaluated
for recovery of ovarian function as they were under HT and presented premenopausal levels of
FSH.
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Table 4.13 Ovarian reserve markers, secondary reproductive health outcomes and treatments for the
ten patients who had not recovered ovarian function at their last follow-up.

Legend: AFC – Antral Follicle Count; AMH – Anti-Mullerian Hormone; FP – fertility preservation; FSH – Follicle-stimulating Hormone; GnRHa –
gonadotropin-releasing hormone agonist; HT – hormonal therapy; OR – ovarian reserve; POI – premature ovarian insufficiency; TT – targeted
therapy; Y – years; * Under ovarian suppression; ** Not assessed.

In contrast, nine women had recovered ovarian function at their last follow-up (9/19; 47%)
(Table 4.14). They were aged 25 to 38 years at recruitment (27-41 years at their last follow-up)
and most presented normal/high levels of OR at baseline. The oldest patient, who was 41
years old at the last follow-up, had a normal to high OR at baseline (AMH 2.5 ng/mL and 9 AF).

Table 4.14 Ovarian reserve markers, secondary reproductive health outcomes and treatments for the
nine patients who had recovered ovarian function at their last follow-up.

Legend: AFC – Antral Follicle Count; AMH – Anti-Mullerian Hormone; FP – fertility preservation; FSH – Follicle-stimulating Hormone; GnRHa –
gonadotropin-releasing hormone agonist; HT – hormonal therapy; OR – ovarian reserve; POI – premature ovarian insufficiency; TT – targeted
therapy; Y – years; * Under ovarian suppression; ** Not assesse; *** - missed clinical appointment.

Four of these women got pregnant at some point after CT (Table 4.15). Two of them were
under therapy with trastuzumab at the time of pregnancy and reported spontaneous and
medically-induced abortions. Pregnancy outcome was not known in the other two patients.
Three of the woman who got pregnant had normal/high levels of OR markers at baseline. The
only patient with low OR at baseline was treated to a taxane-only CT regimen, in opposition to
the other three who were treated with an anthracycline-based and sequential taxane regimen.
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None of the four pregnant women had hormone-positive tumours and, consequently, none
received treatment with HT. After CT, two of these women presented AMH below the LoQ and
three of them reached FSH levels well above the value of 25 mIU/mL.
Table 4.15 Detailed demographic, clinical and reproductive data for the four women who got pregnant
after CT.

Legend: AC – Adriamycin and cyclophosphamide; AFC – Antral Follicle Count; AMH – Anti-Mullerian Hormone; DD – dose dense; FEC - fluorouracil,
epirubicin and cyclophosphamide FP – fertility preservation; FSH – follicle-stimulating hormone; GnRHa – gonadotropin-releasing hormone agonist;
Her2 - HT – hormonal therapy; OR – ovarian reserve; T – docetaxel; * Under ovarian suppression; ** Not assessed; *** - missed clinical appointment.

3.2.3.2. Premature Ovarian Insufficiency
From the patients who did not recover ovarian function, a total of five (5/22; 23%) met the
defined criteria for POI, an outcome that was only assessed in patients who were not under
therapy with GnRHa. Patients with POI had ages between 32 and 39 years at recruitment (3640 years at their last follow-up). Their levels of AMH remained below the LoQ and FSH was
persistently high. One of them had not preserved her fertility before CT (Table 4.16).
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Table 4.16 Detailed demographic, clinical and reproductive data for the five women who met criteria for
Premature Ovarian Insufficiency.

Legend: AC – Adriamycin and cyclophosphamide; AFC – Antral Follicle Count; AMH – Anti-Mullerian Hormone; DD – dose dense; FEC - fluorouracil,
epirubicin and cyclophosphamide FP – fertility preservation; FSH – follicle-stimulating hormone; GnRHa – gonadotropin-releasing hormone agonist;
Her2 - HT – hormonal therapy; OR – ovarian reserve; T – docetaxel; Tam – tamoxifen; * Under ovarian suppression; ** Not assessed; *** - missed
clinical appointment.

A comparison of the characteristics and mean OR markers between the five patients with POI
(n=5) and the four patients who got pregnant (n=4) can be seen in Table 4.17. Clearly, women
identified with POI were older and presented a lower OR at baseline.
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Table 4.17 Comparison of the characteristics of women who met criteria for POI and of women who got
pregnant.

Legend: AFC – Antral Follicle Count; AMH – Anti-Mullerian Hormone; FP – fertility preservation; FSH – follicle-stimulating hormone; GnRHa –
gonadotropin-releasing hormone agonist; Her2 - HT – hormonal therapy; OR – ovarian reserve; POI – Premature Ovarian Insufficiency; T – docetaxel;
* Under ovarian suppression; ** Not assessed; *** - missed clinical appointment.

3.2.3.3. Overall adverse reproductive health outcomes

A summary of the various adverse reproductive health outcomes identified in this cohort of
young BC women, at a mean of 18 months after CT, is presented in Table 4.18. In addition,
Figure 4.17 puts in evidence the corresponding proportions, according to the total number of
patients assessed for each outcome. A representation of the relationship between these
secondary outcomes and the corresponding primary outcomes (occurrence of regular menses
and levels of OR markers) at each patient’s last follow-up, can be seen in Figure 4.18.
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Table 4.18 Percentage of patients in which the several adverse reproductive health outcomes were
identified, at the last follow-up.

Legend: AFC – Antral Follicle Count; AMH – Anti-Mullerian Hormone; FSH – Follicle-Stimulating Hormone; LoQ – Limit of Quantification

Legend: AFC – Antral Follicle Count; AMH – Anti-Mullerian Hormone; FSH – Follicle-Stimulating Hormone; LoQ – Limit of Quantification

Figure 4.17 Number and proportion of patients presenting each adverse reproductive health outcome,
at the last follow-up.
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Legend: AFC – Antral Follicle Count; AMH – Anti-Mullerian Hormone; CT – chemotherapy; FSH – Follicle-Stimulating Hormone;

Figure 4.18 Secondary reproductive health outcomes, menstrual status and corresponding levels of OR
markers, at each patient’s last follow-up.

3.3. Patient-related factors and adverse reproductive health outcomes

3.3.1. Age at recruitment
In alignment with the trend previously seen in Figure 4.9, age at recruitment was negatively
correlated with the levels of AMH at the last follow-up (n=35; ρ=-0,377; p=0,026), i.e. younger
patients presented significantly higher AMH levels. Moreover, AMH levels at the last follow-up
were significantly higher in the group of younger patients (n= 16; age <33 years) as compared
to those aged 33 or more years (n=19) and this difference was significant (U=70.5; p=0.002). In
opposition, no significant correlation of patients’ age with final AFC was found (n=21; ρ=-0,183;
p=0,427).
In this cohort of women with BC, age at recruitment was significantly lower in patients who
recovered ovarian function as compared to those who did not recover (U=20; p=0,038) (Table
4.19). However, ages of women in which POI was identified or not, women reporting or not
regular menses and of those with/without FSH > 25 mIU/mL at the last follow-up were not
significantly different.
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Table 4.19 Mean and median age at recruitment in patients who recovered and in those who did not
recover ovarian function.
Age at recruitment (years)
Mean ± SD
(Median)
Patients who recovered ovarian function (n=9)
Patients who did not recover ovarian function (n=10)

31.3 ± 3.5
(31)
34.3 ± 2.9
(34)

3.3.2. Baseline ovarian reserve
A significant positive correlation between AMH levels at baseline and at the last follow-up was
found (n=35; ρ=0,517; p=0,001) a fact that confirms the previous analysis of Figure 4.8.
Although statistical significance was not reached, a subgroup analysis found that this
correlation was stronger in the subgroup of younger patients (age <33 years; n=19; ρ=0,414;
p=0,111) as compared to the older patients (age ≥33 years; n=19; ρ=0,209; p=0,390). The
corresponding scatterplots for these two correlations can be seen in Figure 4.19.

Legend: AMH – Anti-Mullerian Hormone

Figure 4.19 Scatterplots for correlations between baseline and final AMH levels in the age subgroups
according to the cohort’s median age (33 years).

310

Results

Chapter IV

On the contrary, no significant correlation was found between baseline and final AFC (n=20;
ρ=0,275; p=0,241). Levels of AMH at the last follow-up were also higher in the subgroup of
patients with a baseline AMH above the median value for the cohort (2.2 ng/mL), as compared
to those with baseline AMH below this median value.
Baseline AMH levels also influenced the likelihood of recovering ovarian function, experiencing
POI or reaching postmenopausal FSH levels: baseline AMH levels were significantly higher in
the subgroup of women who recovered ovarian function (n=19; U=19.5; p=0.037) and
significantly lower in patients with POI or menopausal FSH levels at the last follow-up (n=22;
U=12, p=0.017 and n=19; U=15, p=0.022, respectively) (Table 4.20). After excluding patients
under ovarian suppression, differences in baseline AMH were not significant in women who
were menstruating as compared to those reporting amenorrhea or oligomenorrhea at the last
follow-up. Significant differences in AFC at baseline were only found between the groups of
patients with/without POI at the last follow-up (U=9.5; p=0.032).
Table 4.20 Mean and median AMH levels in the groups of patients who recovered or did not recover
ovarian function, identified or not with POI and with or without FSH>25 mIU/mL.
Baseline AMH (ng/mL)
Mean ± SD
(Median)
Groups of patients
Patients who recovered ovarian function
(n=9)

4.31 ± 4.52
(2.60)

Patients who did not recover ovarian function (n=10)

1.58 ± 1.30
(1.25)

Patients with POI
(n=5)

0.87 ± 0.70
(0.60)

Patients without POI
(n=17)

3.49 ± 3.53
(2.60)

Patients with FSH >25 mIU/mL
(n=8)

1.32 ± 1.08
(1.16)

Patients with FSH ≤ 25 mIU/mL
(n=27)

3.14 ± 3.04
(2.10)

Legend: AMH – Anti-Mullerian Hormone; FSH – follicle-stimulating hormone.
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3.4. Treatment-related factors and adverse reproductive health outcomes

3.4.1. Chemotherapy regimens
No significant differences were found in OR levels at the last follow-up when comparing the
two main groups of CT regimens (anthracycline-based and sequential taxane versus taxanebased) nor between more specific subgroups (FEC-taxane, EC/AC-taxane, taxane without
anthracycline, taxane-only and others) (Table 4.21). However, in the group of patients treated
with sequential taxane, levels of AMH were significantly higher before exposure to taxane
(during CT) than at the subsequent follow-up, 1 month after CT (n=17; z=-2.2; p=0.028).
In relation to the length of chemotherapy, no significant correlations were found between
duration of exposure in weeks and the levels of AMH or AFC at the last follow-up.
Table 4.21 Mean and median AMH levels at the last follow-up in the five subgroups of CT regimens.

n

AMH
Mean ± SD (ng/mL)

AMH
Median (ng/mL)

FEC - taxane

23

0.62 ± 1.66

0.06

EC/AC-taxane

7

0.15 ± 0.23

0.06

Taxane only

1

2.60

2.60

Taxane without anthracycline

3

0.12 ± 0.07

0.10

Other (T-TE)

1

0.06

0.06

Total

35

0.52 ± 1.40

0.06

CT regimen subgroup

Legend: AC – Adriamycin and cyclophosphamide; AMH – anti-Mullerian hormone; CT – Chemotherapy; EC - epirubicin and cyclophosphamide; FEC Fluorouracil, epirubicin and cyclophosphamide; SD – standard deviation; T – docetaxel; TE – docetaxel and epirubicin.

The adverse reproductive health outcomes that were observed after exposure to each specific
CT regimen are presented in detail in Figures 4.20 to 4.31. The only regimen in which no
negative outcome was identified was the paclitaxel-only regimen. In this group (n=2), one
patient got pregnant and the other recovered regular menses and normal expected OR levels
(Figure 4.27).
In the group of patients exposed to dose-dense (DD) regimens (DD EC/DD AC – paclitaxel), one
got pregnant and the other recovered regular menses although her AMH levels and AFC
remained low. Ovarian function recovery was not evaluated in these two patients because of
exposure to HT (Figures 4.21 and 4.22). The patient with the “regular” AC-paclitaxel regimen
met the criteria for ovarian function recovery but she did not recover to the expected levels of
AMH and AFC (Figure 4.23). All patients who did not recover ovarian function had been treated
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with triple-drug CT regimens (alkylating agent, anthracycline and taxane), namely 3 FEC – 3 T
(n=6), 4 AC - 4T (n=3) and FEC – weekly paclitaxel (n=1) (Figures 4.24, 4.30 and 4.31). Among
the five women who met criteria for POI, most (n=3) had been exposed to the 3 FEC – 3 T
regimen (Figure 4.31).

Legend: AFC – antral follicle count; AMH – anti-Mullerian hormone; CT –chemotherapy; EC – epirubicin and cyclophosphamide; FSH – folliclestimulating hormone; GnRHa – gonadotropin-releasing hormone; HT – hormonal therapy; LoQ – limit of quantification; N.A. – not applicable; N.E. not evaluated; POI – premature ovarian insufficiency; RM – regular menses; RO – recovery of ovarian function; T - docetaxel.

Figure 4.20 Reproductive health outcomes in patients treated with the EC – T chemotherapy regimen
(n=2).

Legend: AFC – antral follicle count; AMH – anti-Mullerian hormone; CT –chemotherapy; DD – dose dense; EC – epirubicin and cyclophosphamide; FSH
– follicle-stimulating hormone; GnRHa – gonadotropin-releasing hormone; HT – hormonal therapy; LoQ – limit of quantification; N.A. – not
applicable; N.E. - not evaluated; POI – premature ovarian insufficiency; RM – regular menses; RO – recovery of ovarian function.

Figure 4.21 Reproductive health outcomes in patients treated with the dose-dense (DD) EC – weekly
paclitaxel chemotherapy regimen (n=1).
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Legend: AC – adriamycin and cyclophosphamide; AFC – antral follicle count; AMH – anti-Mullerian hormone; CT –chemotherapy; DD – dose dense;
FSH – follicle-stimulating hormone; GnRHa – gonadotropin-releasing hormone; HT – hormonal therapy; LoQ – limit of quantification; N.A. – not
applicable; N.E. - not evaluated; POI – premature ovarian insufficiency; RM – regular menses; RO – recovery of ovarian function.

Figure 4.22 Reproductive health outcomes in patients treated with the dose-dense (DD) AC – weekly
paclitaxel chemotherapy regimen (n=1).

Legend: AC – adriamycin and cyclophosphamide; AFC – antral follicle count; AMH – anti-Mullerian hormone; CT –chemotherapy; DD – dose dense;
FSH – follicle-stimulating hormone; LoQ – limit of quantification; POI – premature ovarian insufficiency; RM – regular menses; RO – recovery of
ovarian function.

Figure 4.23 Reproductive health outcomes in patients treated with the AC – weekly paclitaxel
chemotherapy regimen (n=1).
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Legend: AC – adriamycin and cyclophosphamide; AFC – antral follicle count; AMH – anti-Mullerian hormone; CT –chemotherapy; DD – dose dense;
FSH – follicle-stimulating hormone; LoQ – limit of quantification; Olig – oligomenorrhea; POI – premature ovarian insufficiency; RM – regular menses;
RO – recovery of ovarian function; T - docetaxel.

Figure 4.24 Reproductive health outcomes in patients treated with the AC – T chemotherapy regimen
(n=3).

Legend: AFC – antral follicle count; AMH – anti-Mullerian hormone; CT –chemotherapy; FSH – follicle-stimulating hormone; LoQ – limit of
quantification; N.E. – not evaluated; POI – premature ovarian insufficiency; RM – regular menses; RO – recovery of ovarian function; T – docetaxel; TE
– docetaxel and epirubicin.

Figure 4.25 Reproductive health outcomes in patients treated with the T - TE chemotherapy regimen
(n=1).
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Legend: AFC – antral follicle count; AMH – anti-Mullerian hormone; CT –chemotherapy; FSH – follicle-stimulating hormone; GnRHa – gonadotropinreleasing hormone; LoQ – limit of quantification; N.A. – not applicable; N.E. – not evaluated; POI – premature ovarian insufficiency; RM – regular
menses; RO – recovery of ovarian function; TC – docetaxel and cyclophosphamide.

Figure 4.26 Reproductive health outcomes in patients treated with the T - TE chemotherapy regimen
(n=3).

Legend: AFC – antral follicle count; AMH – anti-Mullerian hormone; CT –chemotherapy; FSH – follicle-stimulating hormone; N.A. – not applicable;
N.E. – not evaluated; POI – premature ovarian insufficiency; RM – regular menses; RO – recovery of ovarian function.

Figure 4.27 Reproductive health outcomes in patients treated with the paclitaxel-only chemotherapy
regimen (n=2).
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Legend: AFC – antral follicle count; AMH – anti-Mullerian hormone; CT –chemotherapy; FSH – follicle-stimulating hormone; GnRHa – gonadotropinrelasing hormone; LoQ – limit of quantification; N.A. – not applicable; N.E. – not evaluated; POI – premature ovarian insufficiency; RM – regular
menses; RO – recovery of ovarian function; TC – docetaxel and cyclophosphamide.

Figure 4.28 Reproductive health outcomes in patients treated with the FEC – T - capecitabine
chemotherapy regimen (n=1).

Legend: AFC – antral follicle count; AMH – anti-Mullerian hormone; CT –chemotherapy; FEC – fluorouracil, epirubicin and cyclophosphamide; FSH –
follicle-stimulating hormone; HT – hormonal therapy; N.A. – not applicable; N.E. - not evaluated; POI – premature ovarian insufficiency; RM – regular
menses; RO – recovery of ovarian function; T - docetaxel.

Figure 4.29 Reproductive health outcomes in patients treated with the FEC – T – weekly paclitaxel
chemotherapy regimen (n=1).
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Legend: AFC – antral follicle count; AMH – anti-Mullerian hormone; CT –chemotherapy; FEC – fluorouracil, epirubicin and cyclophosphamide; FSH –
follicle-stimulating hormone; GnRHa – gonadotropin-releasing hormone; HT – hormonal therapy; LoQ – limit of quantification; N.A. – not applicable;
N.E. - not evaluated; POI – premature ovarian insufficiency; RM – regular menses; RO – recovery of ovarian function; T - docetaxel.

Figure 4.30 Reproductive health outcomes in patients treated with the FEC – weekly paclitaxel
chemotherapy regimen (n=2).

Legend: AFC – antral follicle count; AMH – anti-Mullerian hormone; CT –chemotherapy; FEC – fluorouracil, epirubicin and cyclophosphamide; FSH –
follicle-stimulating hormone; GnRHa – gonadotropin-releasing hormone; HT – hormonal therapy; LoQ – limit of quantification; N.A. – not applicable;
N.E. - not evaluated; Olig. – Oligomenorrhea; POI – premature ovarian insufficiency; RM – regular menses; RO – recovery of ovarian function; T –
docetaxel.

Figure 4.31 Reproductive health outcomes in patients treated with the FEC – T chemotherapy regimen
(n=20).
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3.4.2. Treatment combinations, exposure to trastuzumab and to hormonal therapy
AMH levels at the last follow-up were also compared in the four different treatment
combination groups: treatment with CT only, CT + HT, CT + TT and CT + HT + TT (Table 4.22).
AMH was significantly higher in the group treated with CT + TT as compared to the groups
exposed to CT only (U=2; p=0.046) and to CT+ HT (U=0; p=0.002). In accordance with these
results, we also found that AMH levels at the last follow-up were higher (U=84.5; p=0.036) in
patients treated with trastuzumab in comparison with those who were not (Table 4.23). Yet,
no significant differences in mean age, baseline AMH levels or time to follow-up were found
between the same groups.

Table 4.22 Mean and median AMH levels at the last follow-up in the four treatment combination
groups.

N

AMH
Mean ± SD (ng/mL)

AMH
Median (ng/mL)

CT only

7

0.23 ± 0.28

0.06

CT + HT

16

0.08 ± 0.04

0.06

CT + TT

3

1.52 ± 1.46

0.78

CT + HT + TT

9

1.21 ± 2.54

0.06

Total

35

0.52 ± 1.40

0.06

Treatment group

Legend: AMH – anti-Mullerian hormone; CT – Chemotherapy; HT – hormonal therapy; TT – targeted therapy

Patients under treatment with any type of HT at the last follow-up exhibited significantly lower
AMH (U=88; p=0.05) and FSH (U=83; p=0.056), although these groups were not different
regarding their baseline age or AMH levels. When comparing the same OR markers in patients
exposed, or not, to GnRHa at the last follow-up, no significant differences in AMH levels were
found, although FSH remained lower in those under ovarian suppression (U=57; p=0.002)
(Table 4.23).
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Table 4.23 Mean and median AMH levels at the last follow-up in patients exposed or not to
trastuzumab, any hormonal therapy and GnRH agonist.

N

AMH
Mean ± SD (ng/mL)

AMH
Median (ng/mL)

Patients exposed to TT

12

1.28 ± 2.26

0.19

Patients not exposed to TT

23

0.12 ± 0.16

0.06

Patients exposed to HT

23

0.41 ± 1.57

0.06

Patients not exposed to HT

12

0.73 ± 1.06

0.33

Patients exposed to GnRHa

16

0.56 ± 1.88

0.06

Patients not exposed to GnRHa

19

0.49 ± 0.89

0.06

Treatment group

Legend: AMH – anti-Mullerian hormone; GnRHa – gonadotropin-releasing hormone agonist; HT – hormonal therapy; SD –standard deviation; TT –
targeted therapy

3.5. Time to last follow after CT and adverse reproductive health outcomes

The levels of AMH at the last follow-up were significantly and positively correlated with the
time passed since the end of CT (n=35; ρ=0,366; p=0,031), i.e. we found higher AMH in
patients with longer time to follow-up. This result is in line with the previously mentioned
recovery in AMH levels in 12 of the participants. In contrast, no correlations were found
between time and AFC or FSH levels at last follow-up.

4. Discussion
Adverse reproductive health outcomes
It is of concern that more than half of the young premenopausal BC patients in this cohort did
not recover ovarian function (10/19; 53%), at a mean of 18 months after the end of CT. Other
studies have shown that ovarian function recovery (return of menstrual cycle and/or
premenopausal hormone levels) may occur up to 2 years after the end of CT in women with BC
(Sukumvanich, Case et al. 2010, Hamy, Porcher et al. 2014, Jacobson, Mertens et al. 2016), so
we anticipate that most women in this cohort have now a very low, if any, chance of recovery.
Additionally, we have identified POI in five women, a number that corresponds to 23% (5/22)
of those who could be evaluated for this outcome. In women with established POI, no
interventions have shown to increase ovarian activity and natural conception rates.
Furthermore, a diagnosis of POI has a significant negative impact on the psychological
wellbeing and quality of life of these women as they may also experience genitourinary
symptoms and present a reduced bone mineral density and an increased risk of cardiovascular
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disease (Webber, Davies et al. 2016). We have to keep in mind that a considerable number of
patients in our study were not evaluated for recovery (n=19) or POI (n=16) due to exposure to
HT, so it is likely that the incidence of these adverse outcomes would increase with a longer
follow-up. A similar prevalence of POI in young BC patients was observed for the control group
of the OPTION trial (6/30; 20%) (Leonard, Adamson et al. 2017). However, in a retrospective
study conducted in patients with HR-positive tumours, only 8.7% of the patients with age
under 40 (n=23) had chemotherapy-induced ovarian function failure (Vriens, De Bie et al.
2017). A possible explanation is the fact that most of these patients were under HT with
tamoxifen, which may have caused a reduction in FSH levels. Our results are also in accordance
with the subsequent data analysis of the OPTION trial by Anderson and colleagues (Anderson,
Mansi et al. 2017), that concluded that women who developed POI had lower pre-treatment
AMH concentrations than those who did not.
At the last follow-up, other adverse reproductive health outcomes are noteworthy: i) only one
woman recovered her baseline AMH levels, ii) only five presented AMH levels considered
normal according to age and iii) serum AMH was below the LoQ in 60% of the participants
(21/35). Moreover, ten patients presented low OR and/or postmenopausal hormone levels
despite the recovery of regular menses. These results of low and persistent OR markers after
CT exposure in women with BC are in line with several other published studies (Su 2010,
Peigne and Decanter 2014, Dezellus, Barriere et al. 2017, Freour, Barriere et al. 2017, Trapp,
Steidl et al. 2017). Also similarly to our results, other studies have reported AMH levels
remaining below the age-expected values in BC patients, even with 3 to 5 years of follow-up
(Perdrix, Saint-Ghislain et al. 2017) and several other authors reported undetectable AMH
levels after the end of CT in patients who had already recovered spontaneous menses (Peigne
and Decanter 2014). Infertility or early menopause has occurred even in women who resumed
menses after treatment (Letourneau, Ebbel et al. 2012). In many women with BC, the need to
continue HT for several years will further narrow their reproductive window.
Despite the manifestation of significant adverse reproductive health effects in this cohort, four
women became pregnant during the course of the study (4/38; 11%). In three of them, the
normal to high OR levels at baseline may have contributed to a less pronounced effect in their
fertility, as indicated by several other studies (Peigne and Decanter 2014). However, the fourth
patient had a baseline AMH level that was lower than the age-expected value. In addition, two
of the pregnant women presented AMH levels below the LoQ at their last follow-up. Previous
studies also reported pregnancy in survivors with low levels of OR (Hamy, Porcher et al. 2016,
Dezellus, Barriere et al. 2017). It is worth recalling that the pregnant woman with low baseline
OR was treated with the paclitaxel-trastuzumab regimen. Women who became pregnant were
321

Results

Chapter IV

younger and had higher OR markers at baseline, as compared to women who met criteria for
POI at the last follow-up (Table 16). Statistical analyses were not conducted considering the
small size of the groups. Not surprisingly, all pregnant women were diagnosed with HRnegative tumours and, consequently, were not under treatment with any form of HT.

Patient-related factors
It is widely accepted that older age is one of the most important risk factors for CT-induced
amenorrhea and/or low OR and commonly used cut-offs range from 35 to 40 years (Abusief,
Missmer et al. 2010, Yu, Douglas et al. 2010, Su, Haunschild et al. 2014, Anderson, Mansi et al.
2017, Dezellus, Barriere et al. 2017). In our very young cohort of patients (median age of 33
years; range 25-39) that may best represent the group of BC patients who engage in fertility
counselling, age was negatively correlated with AMH levels at the last follow-up and this
correlation was stronger in younger patients. Furthermore, patients who recovered ovarian
function were younger. Age at recruitment was also noticeably different in the groups of
women who got pregnant (n=4) and women who underwent POI (n=5).
In our cohort, the baseline levels of AMH significantly influenced both the recovery of ovarian
function and the occurrence of POI. Additionally, AMH levels at baseline and at the last followup were positively correlated. These results reinforce the usefulness of this hormone as a
predictor of ovarian function after CT and are in line with several studies where pre-CT level of
AMH was associated with the occurrence of amenorrhea (Anderson and Wallace 2013) or with
post-CT AMH levels (Dezellus, Barriere et al. 2017, Trapp, Steidl et al. 2017). Our results also
confirm AMH as the most sensitive marker of ovarian damage in BC patients exposed to CT.

Treatment-related factors
In our study, CT regimens were not totally homogeneous but exposure to a three drug regimen
composed of an anthracycline, cyclophosphamide and a taxane was an important common
feature to the majority of the participants. Anthracyclines and cyclophosphamide are widely
recognized as associated with moderate to high risk of CT-induced amenorrhea. Taxanes are
currently included in modern CT regimens for BC as they have proved to reduce recurrence
and increase survival. However, the addition of these agents to anthracycline-based regimens
has been associated with an increased negative impact of CT on fertility in several published
clinical studies (Berliere, Dalenc et al. 2008, Abusief, Missmer et al. 2010, Perdrix, SaintGhislain et al. 2017) and meta-analysis (Zhao, Liu et al. 2014), despite a few studies reporting
opposite results (Perez-Fidalgo, Rosello et al. 2010, Sukumvanich, Case et al. 2010). In our
cohort, we found significant differences in the levels of AMH before and after the
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administration of the taxane, so the additional exposure to these agents may have contributed
for the significant adverse reproductive health outcomes, despite the young age of patients at
recruitment. Our study failed to associate the post-CT levels of AMH with the type and
duration of CT regimen, probably because of the low number of patients in some of those
groups. Nevertheless, other prospective (Dezellus, Barriere et al. 2017) and retrospective
(Hamy, Porcher et al. 2014) studies in BC patients were also unsuccessful in proving this type
of association.
One of the possible ways to overcome the negative effects of CT treatments in fertility is to
select less gonadotoxic CT regimens. Most CT regimens currently used for BC include the above
mentioned combination of three agents, which significantly increases the risk of CT-induced
amenorrhea (Zhao, Liu et al. 2014). In view of these and other published results (Ruddy, Guo et
al. 2015) we may assume that less complex CT regimens or those that do not include alkylating
agents (such as the weekly paclitaxel regimen) may be an alternative to consider in young
women with a BC diagnosis who value the possibility of future offspring. This regimen is
currently recommended, in association with trastuzumab, for low risk Her2-positive tumours
(Coates, Winer et al. 2015). In our study, two women were treated with this CT regimen: one
became pregnant during the study and the other patient was one of the few who recovered
menstrual function and presented normal AMH levels at the last follow-up. Despite the very
small sample, these results are in accordance with those from the APT trial (Ruddy, Guo et al.
2015), where the weekly paclitaxel regimen caused a less pronounced gonadotoxic effect. To
test this theory, it would be important to conduct prospective controlled studies assessing the
reproductive outcomes of premenopausal women exposed to this specific regimen.
An interesting and somehow unexpected result of our investigation was the significant higher
AMH levels in the 12 patients treated with trastuzumab, as compared to patients who were
not. Moreover, patients in the CT + TT treatment subgroup (n=3) also presented higher AMH at
the last follow-up, as compared to the CT only (n=7) and CT and HT (n=16) subgroups.
Trastuzumab is a monoclonal antibody that targets HER2-expressing tumour cells and preclinical reproductive studies in cynomolgus monkeys, using doses up to 25 times the weekly
human maintenance dose of 2 mg/kg, showed no evidence of impaired fertility (Lorenzi,
Simonelli et al. 2016). Our results also concur for the lack of gonadotoxicity that was already
pointed by other clinical studies (Abusief, Missmer et al. 2010, Meng, Tian et al. 2013) and add
further data to the hypothesis of trastuzumab as a protector of ovarian vasculature from CTinduced damage (Ben-Aharon, Granot et al. 2015). In this study, the authors observed a trend
toward reduced vascular toxicity, as demonstrated by a milder decrease in ovarian blood flow,
in patients treated with trastuzumab (n=7) compared with those treated with CT only. The
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relevance of our observation is also supported by the results of a recently published crosssectional analysis where exposure to trastuzumab was associated with increased AMH in BC
survivors with normal menstrual cycles (n=25) (Morarji, McArdle et al. 2017). Moreover, this
finding corroborates the previously mentioned outcomes of the adjuvant paclitaxeltrastuzumab trial (Ruddy, Guo et al. 2015). Despite these encouraging results, further clinical
investigations are warranted, with larger samples, to confirm the direct effect of trastuzumab
on ovarian function and to clarify its potential mechanism of action.
In our study, we found evidence of the influence of HT in the levels of OR markers: patients
under therapy with tamoxifen, aromatase inhibitor and/or GnRHa at the last follow-up
exhibited significantly lower levels of AMH and FSH, despite no differences in their baseline
ages and AMH levels were found. However, when the isolated effect of ovarian suppression
with GnRHa was investigated, only FSH levels remained different. Previous studies have also
reported that patients under treatment with tamoxifen and/or a GnRHa may experience
reduced FSH levels (Su, Maas et al. 2013, Su, Haunschild et al. 2014) (Hamy, Porcher et al.
2016). Regarding the influence of GnRHa on AMH, some authors believe they have no direct
effect on OR due to the absence of FSH, LH, or GnRH receptors in primordial follicles (Oktay
and Bedoschi 2016) but others have reported reduced AMH levels in patients under ovarian
suppression (Anderson, Themmen et al. 2006, Trapp, Steidl et al. 2017) so further investigation
is needed to confirm AMH as a reliable marker in this setting. Until then, diagnosis of ovarian
insufficiency in BC patients under HT must rely not only on FSH but also on oestradiol levels
and clinical symptoms of oestrogen deficiency, in accordance with recent recommendations
(van Dorp, Mulder et al. 2016, Vriens, De Bie et al. 2017). Furthermore, clinicians have to keep
in mind that low FSH levels in BC patients under HT may be misleading, so oestradiol levels
should also be assessed in those presenting premenopausal FSH (Vriens, De Bie et al. 2017).
This issue is of even greater concern considering that confirmation of menopausal status in BC
patients with HR-positive tumours is needed for the adequate selection of HT (Torino,
Barnabei et al. 2014).

Limitations
This small cohort study may have lacked statistical power to detect differences between
treatment combinations and different CT regimens, for instance between patients exposed or
not to cyclophosphamide or anthracyclines. Moreover, all women were treated with taxanes,
most often sequentially to an anthracycline-based protocol, a fact that restrained the analysis
of the specific effects of those agents in the reproductive markers. Furthermore, our results
might have been influenced by the low baseline OR levels seen in 16 participants, in
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comparison with the corresponding age-expected values. Nevertheless, the median AMH level
of 2.2 ng/mL was similar to levels reported in other studies that included younger BC patients
(Hamy, Porcher et al. 2014). Previously published studies have not found significant
differences between AMH levels in women with BC and healthy controls (Lutchman Singh,
Muttukrishna et al. 2007, Yu, Douglas et al. 2010, Su, Flatt et al. 2013), except for a group of
older patients (age ≥37 years) (Su, Flatt et al. 2013). In our study, initial AMH levels may have
been influenced by hormonal contraception and/or smoking. It is reported that these two
exposures may significantly reduce the levels of this OR marker (Dolleman, Verschuren et al.
2013, Johnson, Sammel et al. 2014, Birch Petersen, Hvidman et al. 2015) although the effects
of hormonal contraceptives are reported to be reversible after 2 months of discontinuation
(van den Berg, van Dulmen-den Broeder et al. 2010). In addition, seven of those women had
been diagnosed with triple-negative tumours. Up to 20% of triple negative BC patients harbour
germline BRCA mutations and some published results suggest that BRCA1/2 mutation carriers
may present lower AMH levels (Phillips, Collins et al. 2016) or even experience earlier onset of
menopause (Lin, Beattie et al. 2013), as compared to non-carriers. Our results reinforce the
need for pre-treatment fertility counselling of BC patients with triple-negative tumours, BRCA
mutations or smokers, due to their increased chance of CT-induced loss of ovarian reserve and
POI occurrence.
Other major limitation is the fact that a very significant number of participants (n= 20) was still
under the influence of HT at the last follow-up, which restricted the assessment of the
outcomes ovarian function recovery and POI. Nevertheless, this limitation also occurs in clinical
practice: many BC patients remain in treatment with HT for several years and the identification
of reliable markers to assess their menopausal status is still an unsolved issue (Amir, Freedman
et al. 2010, Krekow, Hellerstedt et al. 2016). The hormonal and ultrasound evaluations
performed during and after CT were scheduled irrespective of patients’ menstrual cycle, in
order to overlap with other hospital appointments and facilitate patient’s participation. This
can constitute a limitation of the study methodology as AMH and AFC are not prone to
significant variation but the levels of FSH fluctuate during the menstrual cycle.
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5. Conclusions
Our study in young women with BC revealed significant effects of CT on several reproductive
outcomes and confirmed their strong relation with patient’s age and baseline level of AMH.
We have confirmed AMH as the most sensitive marker of OR in young premenopausal women
with BC and its effectiveness as a predictor of ovarian function recovery and occurrence of POI.
However, we did not find any relation between AMH levels and the occurrence of pregnancy.
Despite the noteworthy effects, our results also point to the possibility of a lower
gonadotoxicity when patients are treated with less complex CT regimens or when treatment
includes targeted therapy with trastuzumab. Also, this investigation highlights the lack of
reliable OR markers in women with BC under treatment with HT and the consequent risk of
undetected ovarian failure in this population.
Overall, and despite the mentioned limitations, our results strongly emphasize the relevance of
pre-treatment counselling regarding infertility risks and fertility preservation for all
premenopausal BC patients, with a special emphasis on older patients or those with low prechemotherapy OR. Moreover, they support the need for a systematic evaluation of ovarian
function in BC survivors using a variety of clinical and hormonal markers, in order to ensure an
adequate counselling. Nevertheless, many questions remain and additional research is needed
to confirm the lower gonadotoxicity of CT regimens like the paclitaxel-trastuzumab regimen,
the possibility of a protective effect with exposure to trastuzumab and the usefulness of
measuring AMH in patients with BC under HT and/or ovarian suppression.
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General discussion

In the cancer setting, there is a clear need for a patient-centred approach and shared decision
making, i.e. decisions must be shared by doctor and patient and informed by the best evidence
(Towle and Godolphin 1999). The first main goal of this research was to contribute for shared
decisions in the context of fertility preservation. The systematic method we have used for the
provision of information, based on the identification of information needs and the most
relevant and up-to-date recommendations, the involvement of all the relevant stakeholders in
the context of cancer care and quality evaluation using international standards, revealed itself
to be a sound approach for the development of evidence-based, relevant and useful
information resources. Cancer patients and survivors had an active participation by sharing
their information needs and preferences and by appraising and providing suggestions for
improvement in the stage of pre-testing of the information resources. In addition, the
collaboration of professionals working in cancer care, human reproduction and primary care
was essential to improve the contents and the organization of the information resources.
Another factor that was determinant for success was the diligent cooperation of the most
important national Portuguese cancer patients’ organization (LPCC), through financial support
and active involvement in the publication and dissemination stages. Finally, the contributions
of several Portuguese professional and scientific societies in the fields of reproductive
medicine, oncology and pharmaceutical sciences were, and still are, of crucial importance to
guarantee an effective dissemination and clinical implementation of the developed
information resources.
The results of this comprehensive information program are totally innovative in Portugal: the
developed resources provide broad information contents both on infertility risks and fertility
preservation options in male and female patients and target, at the same time, cancer patients
and health professionals. The inclusion of these contents in the website of the Centre for
Fertility Preservation (CFP) for a more convenient and easy access has broadened their
availability even more.
Some difficulties have arisen along this path. We found the first and major barrier when we
tried to pursue our aim of identifying the information needs of Portuguese cancer patients and
oncologists. This step was deemed fundamental for the development of information contents
and formats that would be adjusted to those specific needs, anticipating that they could be
distinct from those internationally reported. At the time this objective was established, in the
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beginning of 2013, no information was available regarding Portuguese oncologists’ knowledge
or practices concerning this subject or the particular needs of Portuguese cancer patients or
survivors. As previously mentioned, the limited number of responses to both questionnaires
may have compromised the generalizability of our results. In what concerns the participation
of clinicians, a similar number of responses (n=35) were obtained in a more recent survey sent
by email to 339 Portuguese oncologists, intending to assess their knowledge about FP
techniques and patient referral practices (Martins and Guimarães 2016). In accordance,
another recently published study that was conducted by the CFP’s team showed that
Portuguese oncologists report lack of time with patients as the most important barrier to FP
discussions (Melo, Fonseca et al. 2018). These investigators also found that the lack of
communication skills and patient-related factors, such as bad prognosis or being single, were
related to a lower frequency of informing their patients about infertility risks and FP. Since
questionnaires were delivered to patients by their cancer care clinicians, reasons for low
participation by patients may be similar. Cancer care professionals may be mainly focused on
the immediate success of cancer treatment and less attentive to long-term issues such as the
quality of life in survivorship. Treatments for cancer may result in long-term issues including
those impacting the physical, emotional, spiritual or social domains (Duska and Dizon 2014). At
present, an increasing focus among patients, clinicians, researchers, and politicians regarding
cancer survivors' health and well-being is observed. For instance, by searching Medline for
references mentioning “cancer survivorship”, “survivors” or “survival”, a very significant
increase in research is seen in the last decades, with the number of references rising from
around 100 publications in 1997, to nearly 600 in 2007 and to over 2,000 publications in 2017.

We believe that the information resources are currently contributing to facilitate decisionmaking in the context of FP, helping oncologists to overcome the widely reported barrier of
lack of knowledge and information (Logan, Perz et al. 2018) and leading patients to more
informed clinical judgments, especially in the context of female FP, where all options present
pros and cons and patients have to include their preferences in the decision process. The
developed information resources also contribute for a more accurate infertility risk
assessment, which is the first and fundamental step for engaging in discussions about FP: they
include information on risks associated with specific cancer treatments and about patient and
treatment factors that may influence that risk; in the comprehensive resource for oncologists,
a selection of tools to support risk estimation was also incorporated.
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We are certain that the present research work has also given valuable inputs to the journey of
oncofertility in Portugal, by means of the above mentioned information program and through
active cooperation to establish national clinical guidance concerning FP and several other
information and education initiatives. In Portugal, the mean age of the mother at birth of first
child has significantly increased in the last decades, from 25 years (1960) to 30.3 years (2016)
(PORDATA 2016). Consequently, many young female patients with BC will be childless at the
time of their diagnosis and will have to deal with reproductive concerns and engage in family
planning decisions. Fortunately, most Portuguese public institutions already provide access to
FP techniques and/or other fertility options. With the contributions from this investigation and
the efforts of the CFP’s team and of many other professionals and institutions, Portuguese
patients and oncologists are now more aware of the infertility risks associated with cancer
treatments. Therefore, opportunities to overcome these risks are available to all young cancer
patients as long as referral by their oncologists is made in a timely and efficient manner.
An evidence of the positive contributions for the acknowledgement of oncofertility in Portugal
is the evolution of the CFP’s casuistic, from 2012 through 2016. In this time period, the number
of cancer patients coming to the CFP for fertility preservation counselling has seen a tenfold
increase: only eleven patients were consulted in 2012 and over 100 were consulted in 2016. In
consequence, an increasing number of FP techniques have been performed and the number of
oocyte and ovarian tissue cryopreservations has reached a total of 86, in the year of 2016.
Moreover, the mentioned results of an email survey sent to Portuguese oncologists, at a time
where the information booklet for oncologists had already been published, indicate some
advance in their awareness and their daily practices concerning this topic (Martins and
Guimarães 2016). Almost all participants (97%) believed that more attention should be given
to fertility preservation and 52.4% mentioned addressing the subject with their patients.
However, the reported knowledge on the FP techniques was in general low and the techniques
of testicular and ovarian tissue cryopreservation were relatively unknown procedures. Almost
half of the inquired oncologists reported never having referred a patient to a reproductive
medicine department or specialist. Patient prognosis, tumour stage and fears related to the
costs of FP techniques, along with legal or ethical issues, were amongst the most reported
reasons not to discuss the subject of FP with patients. A previous survey that was conducted in
2012, in a sample of 30 clinicians from the haematology, bone tumours, gynaecology and
surgery departments of the Coimbra Hospital and University Centre, revealed a generalized
lack of information concerning the possibility of FP in female cancer patients (unpublished
data).
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The developed information resources are being distributed to cancer care professionals with
the cooperation of the Portuguese oncology and reproductive medicine professional societies.
They are also reaching cancer patients all over the country through the campaigns and events
of the LPCC and with the help of Portuguese pharmacists, through the cooperation of the
Portuguese Pharmaceutical Society (SRC-OF). It is now important to continue these efforts of
dissemination continuously update the information contents and further evaluate the impact
of information in clinical context, by means of relevant measures such as acceptability,
knowledge, decision conflict or self-efficacy. In parallel, other barriers that are preventing
oncologists from discussing infertility risks and FP with their patients, such as communication
skills, must be properly addressed.

Our second main goal was to contribute for a more accurate infertility risk assessment in
young female patients with breast cancer. To pursue this goal, two parallel, yet
complementary, methods of investigation were used.
The first method was to carry out a systematic review and meta-analysis of published studies
identifying patient, treatment or disease-related factors associated with the recovery of
ovarian function after CT, in premenopausal women with breast cancer. In this review the aim
was to confirm the existence of one or more factors that would help to predict, in each specific
cancer patient, the chance of recovering ovarian function. Our review was the first of its kind:
at that time, published meta-analyses had only assessed the administration of GnRH agonists
as a possible factor associated with ovarian function recovery, and even so with conflicting
results. Other novelty was the definition of ovarian function recovery used, not limited to
menses recovery, but including additional and more reliable outcomes of recovery such as the
increase in OR markers to premenopausal levels and the occurrence of pregnancy or live birth.
Some of our conclusions were limited by the poor quality of some studies, the lack of uniform
definitions and the predominant use of amenorrhea as marker of ovarian function in clinical
trials. Nevertheless, in the meta-analysis that was performed, younger patients (≤40 years)
were more likely to recover menses. The administration of GnRH agonist for ovarian
protection was also a factor for recovery although substantial heterogeneity between studies
was a major limitation. On the contrary, the addition of taxanes to the CT regimen proved to
negatively impact recovery.
The second method consisted in a clinical observational study recruiting young BC patients
consulted in the CFP of CHUC, EPE for decision-making regarding FP. The prospective design
was chosen to: 1) avoid bias associated with retrospective analysis, and 2) to guarantee the
temporal association between the exposure (CT) and the outcomes.
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One of the novel aspects of this study was the young age of the recruited patients (all were
less than 40 and median age was 33 years) which best represent the subgroup of patients with
BC that value future fertility and will appoint to fertility counselling. Other innovative feature
was the chosen surrogate fertility markers. We have reported not only menstrual status but
also OR markers which are, at present, recognized as more reliable. At the time the study was
initiated, most of the published research had used the presence of amenorrhea as the
surrogate marker for ovarian failure and infertility. Additionally, we wanted to gather
information for a better understanding of the impact of modern, and complex, treatment
combinations for BC on those OR markers. Information was still limited regarding the effects of
treatments such as the taxanes, targeted therapy (TT) and the various possible combinations
of CT, hormonal therapy (HT) and TT on female fertility.
An interesting point is the fact that a number of results from the clinical study and from the
systematic review are in accordance and support each other, namely:

I. Younger age was a significant factor for ovarian function recovery both in the meta-analysis
and in the clinical study, although the cut-off was different (40 years in the meta-analysis
and 30 years of median age in the clinical study). Age at recruitment was inversely
correlated with OR after exposure to CT, in the prospective study. Age also influenced the
strength of correlation between OR levels before and after CT, which was stronger in
younger (<33 years) patients.

II. The addition of taxanes to the anthracycline-based CT regimens was identified as a
negative factor for ovarian function recovery in the meta-analysis, a result that may explain
the significant adverse reproductive health outcomes identified in the clinical study, where
all the participants were exposed to docetaxel or paclitaxel, most often in addition to an
anthracycline-based CT regimen. Our clinical investigation has also found significant
differences in the levels of OR markers before and after taxane administration. The various
results confirm the negative impact of the sequential addition of taxanes to the standard CT
regimens of FEC, FAC or AC on the fertility of BC patients. Still, it remains unclear if, and
how much of, this negative impact comes from the taxanes’ specific gonadotoxic effects, is
due to an added or synergistic effect with other cytotoxic agents or is the result of a more
prolonged exposure to CT. Nevertheless, women exposed to less complex CT regimens that
include taxanes, such as the weekly paclitaxel regimen in association with trastuzumab, had
favourable reproductive health outcomes, though our sample was too small to draw any
firm conclusions. The absence of recognized gonadotoxic agents such as cyclophosphamide
337

General Discussion

or doxorubicin in this regimen may explain these results. Up till now, the effects of the
paclitaxel-trastuzumab regimen on female fertility had only been reported in a single
clinical study (Ruddy, Guo et al. 2015), probably due to its narrower therapeutic indications
as compared to standard combination regimens. At a mean of 51 months after CT, the rate
of amenorrheic women (28%) appeared lower than those seen historically with standard
alkylator-based BC regimens. Concerning the reproductive toxicity of taxanes, results of
pre-clinical studies are conflicting. In female Wistar rats, exposure to paclitaxel caused a
decrease of antral follicles, but not of primordial or pre-antral follicles and the authors
suggest that the ovarian toxicity of this agent is mild and transient (Tarumi, Suzuki et al.
2009). However, contrasting results were published by Lopes and colleagues after a preclinical study evaluating ovarian toxicity of docetaxel in mice, where they found a decrease
in the number of primary follicles through the induction of apoptosis of granulosa cells
(Lopes, Smith et al. 2014). In addition, we have come to a very innovative result that may
further add to this theory of a lower impact on female fertility when patients are treated
with the paclitaxel-trastuzumab regimen: in our cohort, women exposed to trastuzumab
had significant higher OR after CT, irrespective of their age, baseline ovarian reserve or the
time passed since the end of CT. As previously discussed, this ground-breaking outcome has
only been subtly reported in two other clinical studies (Ben-Aharon, Granot et al. 2015,
Morarji, McArdle et al. 2017), as their samples were equally small and differences were not
always significant. It is imperative to further test the hypothesis of a protective effect on
fertility from exposure to trastuzumab and to understand the mechanisms subjacent to this
apparent protective effect. These promising results may: 1) support the choice of less
gonadotoxic treatments for BC and 2) contribute to identify possible targets for future
development of approaches for fertility protection.

Overall, both investigations indicate that modern complex treatment combinations for BC
expose young premenopausal women to a moderate to high risk of gonadotoxicity. Although
younger age and normal-to-high OR before exposure to CT were confirmed as protective
factors, many young women with BC will not recover to their age-expected levels of OR and
some will be at risk for premature ovarian failure. Further information on the gonadotoxicity
associated with specific treatments and CT regimens for BC was gathered: our work revealed
strong evidence for the addition of taxanes to standard anthracycline/alkylating agent-based
CT regimens to decrease the odds of recovering ovarian function and to increase the risk of
lower OR; and limited yet cutting-edge results indicate a possible less toxic effect of some CT
regimens, such as the taxane-only CT regimen and/or to a protective effect of the TT agent
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trastuzumab on female fertility, as demonstrated by the higher OR after CT. More
investigations are needed to confirm whether these treatment approaches may be a valuable
option for young women who prioritize future fertility.

Our prospective study has also emphasized another clinically significant issue: the lack of
reliable markers of OR in patients exposed to some form of HT. Interpretation of OR markers in
patients with HR-positive BC under the influence of tamoxifen, an aromatase inhibitor and/or a
GnRH agonist is a difficult task and may impair a reliable assessment of their ovarian function
and menopausal status. Twenty-four participants had HR-positive tumours and, from those,
sixteen were still under some form of HT at the last follow-up. Their levels of FSH and AMH at
the last follow-up were significantly changed and the assessment of a number of secondary
outcomes was not possible.
The small sample included may be pointed as a strong limitation of the clinical study but, in
fact, we have included all eligible patients that came for a pre-chemotherapy FP consultation
at the CFP and even extended the recruitment period to almost two and a half years. In the
pre-established research protocol we had estimated that a minimum of 72 participants would
be required in order to detect differences corresponding to one third of the standard deviation
in serum levels of pre and post-CT AMH, with a power of 80% and a type I error of 0.05. This
was a very conservative estimative as the differences in AMH levels were known to be much
more significant. The observed losses to follow up (7 patients) are a recognized limitation of
prospective studies which may sometimes introduce bias but, in our study, we see no reason
to believe that women who dropout would present different reproductive health outcomes.
Although the participants were highly motivated to engage in the research, dropouts occurred
mainly due to the additional effort needed to comply with the follow-up appointments at the
CFP. In fact, three of the participants made a single post-CT evaluation and only half have
attended to all scheduled appointments. Our small sample size may have prevented us from
detecting differences, for example between the various groups of CT regimens.
Currently, 60% of cancer patients are expected to survive 5 years or more from the diagnosis
time point. As the number of cancer survivors increase, a shift in the paradigm of cancer care is
happening slow but steadily: cancer patients perceive fertility preservation counselling as
critical in the process of cancer care, regardless of their age or parity. Furthermore, the
opportunity to engage in FP improves their coping with the diagnosis, reduces long-term
regret and dissatisfaction concerning fertility and improves their physical quality of life.
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The problem addressed by this work remains current and relevant. The interest in issues
related to fertility preservation has been rising at a global level: in the last years, numerous
international organizations, including scientific societies and other professional or clinical
organizations, have published (or updated) a number of clinical, technical and ethical
recommendations on this subject (Martinez and International Society for Fertility
Preservation–ESHRE–ASRM Expert Working Group 2017, Oktay, Harvey et al. 2018, Schuring,
Fehm et al. 2018, von Wolff, Germeyer et al. 2018). The results presented in this thesis are an
additional contribution for this worldwide and meaningful concern about the future fertility of
cancer patients.
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Conclusions

This thesis has addressed several of the reported barriers and needs for an adequate FP
decision-making process: lack of awareness, difficulties in the assessment of the risk of
infertility in each patient and lack of knowledge about the available options for FP.

The specific goal of developing evidence-based, relevant and useful information resources
concerning infertility risks and fertility preservation options in cancer patients was, in our view,
fully accomplished. The information resources were developed through a systematic approach,
based on reported information needs and high quality standards, and all of them were
successfully published and are currently available to Portuguese health professionals and
cancer patients in many institutions of primary, cancer and reproductive healthcare. In
addition, this research has decisively contributed to the significant advances in oncofertility
that have been happening in our country in the last years.

The results here presented will certainly enable a more accurate assessment of the risk of
infertility in the specific context of female breast cancer. Besides reinforcing previously
published results about relevant markers and predictors, this work highlighted some
difficulties that remain and has brought to light a few innovative hypotheses.
Data from the observational study confirm AMH as the most relevant ovarian reserve marker
in this setting. Both this study and the systematic review conducted during this research have
contributed to identify patient-related and treatment-related variables that may be used as
predictors of post-treatment ovarian reserve levels and other reproductive health outcomes.
This association was either positive, for lower age, higher AMH and exposure to trastuzumab,
or negative, for taxane and hormonal therapy exposure. While younger age and higher pretreatment levels of OR are already acknowledged as predictors of ovarian function recovery in
premenopausal women with BC, the present results add to the existent data on the negative
effect of the addition of taxanes and the influence of HT on the levels of FSH and AMH. They
also bring to light an interesting and novel hypothesis: trastuzumab may be a fertility
protective factor.
The results gathered from both investigations will also support more informed decisions
concerning fertility preservation in each premenopausal woman with a breast cancer
diagnosis.
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We believe that the overall results of this research represent very significant contributions to a
multitude of aspects related with oncofertility, both at the national and international levels.
Each and every research work that was conducted has given important contributions both for
shared decisions concerning fertility preservation and for a more easy and accurate
assessment of the risk of infertility in each cancer patient, especially in the case of young premenopausal patients with BC. Information needs and preferences were addressed and a vast
amount of information to support risk assessment was produced. By looking at the results as a
whole, we see they are synergistic and reinforce each other in many ways.

The research results herein published have a high and immediate applicability in clinical
practice and therefore contribute, both at present and in the near future, to a more facilitated
and conscious journey on oncofertility.
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