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Special Report

This is the third in a series of three articles dis-
cussing cancer and human reproduction from 
a clinical perspective. The first article presented 
a general overview of how cancer and its treat-
ment can adversely affect human reproduction, 
summarizing the nature and extent of those 
adverse effects in men, women and their off-
spring [1]. The second article discussed the dif-
ferent approaches to minimize the reproductive 
damage caused by cancer and its treatment, as 
well as the various options for preserving human 
fertility in cancer survivors [2]. This article dis-
cusses, from a clinical perspective, the manage-
ment of three important reproductive needs for 
cancer survivors. First, fertility enhancement 
in women by ovarian stimulation and assisted 
reproduction when fertility is desired. Second, 
contraceptive needs when fertility is not desired. 
Third, replacement of hormonal deficiency, in 
particular delayed or absent puberty, menopause 
and andropause.

Recent advances in the early detection of 
cancer and its effective treatment have resulted 
in a growing number of cancer survivors world-
wide. The National Cancer Institute and the 

Centers for Disease Control and Prevention 
estimated  that there were more than 10 mil-
lion cancer survivors in the USA alone, in 
2002. With current figures predicting that 
60% of adults newly diagnosed with cancer are 
expected to be alive 5 or more years later, out 
of the 1,300,000 new cancer cases anticipated 
in 2006 in the USA, almost 0.8 million indi-
viduals will survive cancer. This number is still 
growing and the projected incidence of new 
cancer cases in the USA in 2007 was almost 
1,500,000 (up from 1,300,000 in 2006) with 
approximately 4% of them expected to occur in 
patients younger than 35 years old. By 2010, it 
is estimated that one in every 250 people in the 
adult population (during their reproductive age) 
will be childhood cancer survivors [3,4]. 

In a recent review, Carver et al. investigated 
the late effects of cancer treatment, focusing on 
cardiac and pulmonary late consequences in 
cancer survivors. The authors concluded that 
the cancer and its treatment have a substan-
tial impact on the long-term health of cancer 
survivors, including organ damage and func-
tional disabilities, as well as the problem of the 
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Over the last few decades, a growing number of cancer survivors cured or in long-term 
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development of second malignancies. Moreover, they highlighted 
the significance of the growing recognition that these late effects 
have become more common with the increasing use of more com-
plex and intensive cancer treatment, with a growing number of 
cancer survivors [4].

Currently, there is a growing need to provide adequate long-
term clinical care for cancer survivors that is dependent on 
evidence-based guidelines. Comprehensive long-term clinical 
care would not be complete without including the important 
reproductive issues that cancer survivors might have, including 
desired fertility, contraceptive needs and hormone-replacement 
therapy. There are helpful guidelines addressing long-term health 
problems in cancer survivors including recommendations from 
experts in the area [101].

Cancer survivors desiring fertility
Ovarian stimulation & assisted reproductive technology
For those cancer survivors desiring fertility, options depend on 
two main factors: extent of gonadal damage and gender. With 
complete gonadal damage, third-party assisted reproductive 
technology (ART) is the only available option. This includes 
sperm and oocyte donors. With incomplete gonadal damage 
(i.e., when the sperm production or ovarian reserve is severely 
impaired), the outcome of fertility treatment is significantly 
gender dependent. While ART with intracytoplasmic sperm 
injection is highly successful for cases of severe sperm depletion, 
the case is different for women. With significant reduction of 
ovarian reserve, the outcome of ART is usually not encouraging 
unless oocytes are obtained from healthy young oocyte donors. 
Several approaches have been tried to improve ovarian reserve, 
but without promising outcomes [5].

It is important to mention here that in all cases of hereditary/
familial cancer survivors, the option of preimplantation genetic 
diagnosis (PGD) with ART should be offered to cancer survi-
vors. This option should also be offered to other family members 
who could be carrying a genetic mutation that would predispose 
them or their offspring to the increased risk of suffering from 
such hereditary/familial cancer. With PGD, testing the embryos 
for the presence of a cancer-predisposing mutation can help to 
avoid the transmission of such a mutation into future offspring. 
This type of strategy might be successful in the eradication of 
many hereditary/familial cancers in the future. This issue will 
be discussed in more detail later. 

In addition to the established ARTs, other experimental options 
are now available since the report of the first case of a spontaneous 
conception more than 5 years ago. This was in a young woman 
with documented ovarian failure in whom ovarian cortical tissue 
had been cryopreserved [6].

Low ovarian reserve in cancer patients
Ovarian reserve or the ability of the ovaries to produce good 
quality oocytes that can successfully fertilize and form a com-
petent embryo that will implant and result in a healthy baby, 
is frequently impaired by cancer and its treatment [1,7]. One 
in every six female survivors was found to develop premature 

ovarian failure. Other survivors, with spontaneous menstrual 
cycles, usually have diminished ovarian reserve [8].

In a more recent study, which included 2819 survivors of 
childhood cancer aged 18 years or older, risk factors for prema-
ture menopause were found to include attained age, exposure 
to increasing doses of radiation to the ovaries, use of alkylating 
agents and a diagnosis of Hodgkin’s lymphoma. For survivors who 
were treated with alkylating agents plus abdominopelvic radiation, 

the authors found that the cumulative incidence of premature 
menopause approached 30% [9].

The nonrenewable pool of ovarian primordial follicles declines, 

by atresia, from 2 million at birth to 500,000 at menarche. When 
the total number reaches 25,000 at a mean age of 37–38 years, the 
loss accelerates and spontaneous and assisted conceptions become 
increasingly difficult [10]. 

Although there are different methods to test for ovarian 
reserve, none of them is of proven superiority in all situations [1]. 
The most important test believed to determine the extent of 
ovarian reserve is to stimulate the ovaries with fertility medica-
tions and test the ability of the obtained oocytes to fertilize and 
result in healthy pregnancy. When reduced ovarian reserve is 
suspected, it is crucial not to delay fertility treatment for investi-
gating the ovarian reserve. The most logical approach is to start 
administering fertility medications (ovarian stimulation) when 
deemed safe and try to achieve pregnancy without delay. This is 
important, as the window of chance for a cancer survivor might 
be too short to waste while waiting for further investigations 
and laboratory work-up.

Regain of ovarian reserve
As suggested previously, delaying in fertility treatment pending 
investigation of ovarian reserve is not clinically warranted. Such 
an approach is supported by the general belief among reproduc-
tive endocrinologists that once ovarian reserve has deteriorated, 
it is almost never back to normal again. However, it is believed 
that the decline in ovarian reserve does not follow a steady sloping 
decline path. On the contrary, sometimes the recovery of some 
ovarian reserve may happen over time either spontaneously or 
with treatment. In support of this hypothesis, some women with 
premature ovarian failure were reported to regain some ovarian 
function after being in menopause for several months, experienc-
ing spontaneous ovulations and even pregnancy [11]. Moreover, 
there are interesting recent reports of some breast cancer survivors  
suffering from iatrogenic menopause, who were found to regain 
some of their ovarian hormonal function and even ovulate and 
achieve pregnancy after using aromatase inhibitors [12]. 

Ovarian stimulation in cancer patients
Ovarian stimulation is usually applied, particularly in con-
junction with ART, to achieve multiple oocyte development to 
enhance the chances of success of infertility treatment. High 
estrogen levels are inevitably attained during ovarian stimula-
tion because each of the growing ovarian follicles will be con-
tributing to estrogen production, leading to the achievement 
of supraphysiological levels of estrogen. High levels of estrogen 
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are not desirable, particularly in women who have survived 
estrogen-dependent cancers (particularly breast and endome-
trial cancer). The aromatase inhibitors are estrogen-suppressing 
agents that have been approved for women with breast cancer 
and have been reported recently to be successful for ovarian 
stimulation either alone or with gonadotropins. Interestingly, 
with the use of aromatase inhibitors for ovarian stimulation, 
multiple ovarian follicular development has been associated 
with significantly lower estrogen levels compared with ovarian 
stimulation with gonadotropins alone [13–15]. For this reason, 
aromatase inhibitors have been suggested to stimulate ovulation 
in breast cancer survivors [16,17]. Recently, reports of successful 
use of the aromatase inhibitors for ovarian stimulation in cancer 
survivors have been accumulating [18–22]. 

Concerns regarding pregnancy outcome after the off-label 
use of the aromatase inhibitors for ovarian stimulation have 
been refuted by recent reports on the safety of pregnancy out-
come in babies delivered following stimulation by aromatase 
inhibitors. The short half-life of the aromatase inhibitors enables 
their complete clearance from the body before the implantation 
period, thus reducing the likelihood of detrimental effects on 
the pregnancy [23,24].

Pregnancy after cancer treatment
This topic, including the safety of pregnancy on the mother 
and health of babies born, has been discussed previously in the 
first two manuscripts of this series [1,2]. Edgar and Wallace have 
reviewed this topic in their recent review with reference to a 
number of large, multicenter studies that are underway and will 
provide new insights into pregnancy outcomes in survivors of 
childhood cancer [25]. 

Gestational carrier is an option in situations when a cancer 
survivor cannot undergo pregnancy due to surgical absence of 
the uterus or the presence of a uterus with a blood supply dam-
aged by cancer treatment, such as post-radiation. This is also 
true when the cancer survivor cannot undergo pregnancy due 
to general health problems [2]. With this option, embryos can 
be created by fertilizing the oocytes from the cancer-surviving 
woman using her partner’s sperm in vitro, then transferring 
the embryo into the uterus of another woman (gestational car-
rier). This option is valid for frozen embryos and/or oocytes 
obtained before cancer treatment when the cancer survivor 
cannot achieve pregnancy.

Breastfeeding after cancer treatment
There is inadequate literature on breastfeeding in women surviv-
ing cancer treatment. Most of the available literature includes 
sporadic case reports on breastfeeding in women who have sur-
vived breast cancer. The two issues that have been identified as 
important for women who breastfeed after breast cancer are: the 
mechanical ability to breastfeed after cancer treatment (radiation 
treatment [26,27] and breast surgery) and the risk of activating 
breast cancer by breastfeeding, despite literature indicating the 
contrary (i.e., that breastfeeding protects against breast cancer). 
Small case studies have documented the success of breastfeeding 

from an affected breast. However, some difficulties have been 
experienced, such as the infant favoring the nonaffected breast 
and low milk supply [28–30]

ART with PGD for hereditary cancers
With recent advances in cancer genetics, there is a growing list 
of genetic mutations associated with hereditary cancers and pre-
disposition for cancer, such as BRCA1 and BRCA2 association 
with breast and ovarian cancer. It is important to counsel sur-
vivors of these cancers regarding the technology of PGD, which 
would allow the selection of embryos free from the mutations. 
This will almost eliminate the risk of passing those genetic muta-
tions onto the offspring and minimize their risk of developing 
such hereditary cancers. The PGD program requires collabora-
tion between the ART team, clinical geneticists and laboratory 
investigators [31].

The success of PGD appears to approximately follow the gen-
eral success rates ART with success rates of achieving a healthy 
live-birth of approximately 25% per treatment cycle. Examples of 
the conditions that benefit from PGD include adenomatous poly-
posis coli, BRCA, retinoblastoma, Li–Fraumeni syndrome and 
von Hippel–Lindau syndrome, as well as disorders that predispose 
to cancer (Fanconi anemia, Wiskott–Aldrich syndrome) [32]. The 
list of such hereditary cancer predisposition syndromes is long 
and likely to increase [33].

It is important to mention here that the ethical dilemma regard-
ing embryo selection by PGD has been the topic of intense debate. 
However, there is an acceptable consensus that, except for sex selec-
tion of the child, most current extensions of PGD are ethically 

acceptable [34]. 

Contraceptive needs for cancer survivors
For women surviving cancer treatment who still have fertility 
potential following cancer treatment but do not desire achiev-
ing pregnancy or for whom pregnancy is contraindicated, an 
effective method of contraception is needed. These women can 
be divided into three groups. The first group includes women 
for whom pregnancy is permanently undesired or contraindi-
cated. The second group includes women for whom pregnancy 
is temporarily contraindicated (due to adverse effects expected 
from high sex hormones associated with pregnancy), such as 
survivors of breast cancer or other estrogen-dependent cancers, 
such as endometrial cancer. The third group includes women 
for whom pregnancy is temporarily contraindicated without 
concern about the high sex hormones levels associated with preg-
nancy. For this group, most available methods of contraception 
can be considered.

For the first group when fertility is permanently undesired 
or pregnancy is permanently contraindicated, a safe method of 
sterilization is a good choice, including tubal interruption by 
ligation through laparoscopy or minilaparotomy. For those with 
contraindication for laparoscopy or laparotomy, the option of 
hysteroscopic sterilization is an exciting new effective method 
of sterilization that has the advantage of effectiveness with less 
invasiveness [35]. 
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For the second group of women, for whom pregnancy is tem-
porarily contraindicated due to the concern regarding the high 
sex hormone levels associated with pregnancy, such as survivors of 
breast cancer and possibly hepatocellular carcinoma and cholan-
giocarcinoma, postponing pregnancy until a disease-free interval 
of 3–5 years has been achieved is recommended. Nonhormonal 
contraceptives are the appropriate choice [35].

Hormonal replacement therapy for cancer survivors
A significant number of cancer survivors, both males and 
females, suffer from sex hormonal deficiency (andropause and 
menopause respectively) due to the surgical extirpation of the 
gonads or as a result of cancer treatment (chemotherapy and/or 
radiotherapy) [36]. A recent follow-up on the function of the 
hypothalamic–pituitary–gonadal axis in long-term survivors 
of hematopoietic stem cell transplantation for hematological 
diseases included a series of 41 female and 31 male patients 
who had undergone bone marrow/peripheral blood stem cell 
transplantation at a mean age at transplantation of 32.6 years 
and mean follow-up interval from transplantation of 1.5 years 
(range: 0.2–9.8 years). Although none of the patients had 
gonadal dysfunction prior to their underlying illness, hyper-
gonadotrophic hypogonadism was observed in almost all 
females (97%) and a good proportion of males (19%). In 32% 
of males, despite normal testosterone levels, evidence of Leydig 
cell strain (normal testosterone, high luteinizing hormone lev-
els) was present. Moreover, spermatogenesis damage (high fol-
licle-stimulating hormone levels) was observed in two-thirds 
of the males (68%) [37].

A more recent study included, in a cross-sectional design, 176 
male cancer survivors and 213 male controls, aged 25–45 years. 
Of the cancer survivors, 97% had received chemotherapy and 
40% radiotherapy. The authors found cancer survivors had 
significantly lower total testosterone than controls. Cancer 
survivors had features of hypogonadism, including a greater 
fat mass, higher fasting insulin and glucose levels, increased 
fatigue and reduced sexual function and health-related quality 
of life [38].

For these patients, the nature of their cancer, as well as 
the severity of symptoms of hormonal deficiency are the two 
main determinants of the decision for starting and choosing 
the hormone-replacement regimens. A third important deter-
minant of the decision for sex hormone-replacement therapy, 
which is unfortunately usually overlooked, includes long-term 
health problems associated with premature loss of the gonadal 
hormonal function. These long-term health problems include, 
in particular, the risks of bone loss and fractures and possible 
cardiovascular problems, such as coronary artery disease and 
hypertension. Balancing the risks of activating underlying sex 
hormone-sensitive cancers against the risks of sex hormone defi-
ciency is a very difficult clinical question. This is well illustrated 
in young women who survive breast cancer. In these patients, 
nonhormonal options to relieve menopausal symptoms have 
been tried. In a recent systematic review of therapeutic options 
for the treatment of menopausal symptoms in cancer survivors, 

the authors reviewed both pharmacological and nonpharmaco-
logical options. The authors found that despite the availability 
of a number of nonpharmacologic approaches, those approaches 
did not appear to be of significant value. On the other hand, 
complementary alternative medicine therapies and vitamin E 
were found to have modest effectiveness at best, with a lack of 
data on their long-term safety. The approaches that were found to 
be of significant clinical effectiveness and well tolerated included 
centrally active agents, such as the antidepressants venlafaxine 
and paroxetine, and the antiseizure agent gabapentin [39].

In a recent review concerning testosterone-replacement therapy 
for andropause, Morgentaler evaluated the issue of testosterone 
therapy for men at risk for or with history of prostate cancer [40]. 
The author indicates that because of the assumption that higher 
testosterone levels cause enhanced growth of prostate cancer, it 
has been considered taboo to offer testosterone-replacement ther-
apy to any man with a prior history of prostate cancer, even if all 
objective evidence suggests he has been cured. Furthermore, the 
US FDA mandated language in all testosterone package inserts 
state that testosterone is contra indicated in men with a history 
of or suspected of having prostate cancer due to the fear that 
higher testosterone levels would ‘awaken’ dormant cells and cause 
a recurrence. The review challenges the taboo of testosterone-re-
placement therapy because of the lack of experience with prostate 
cancer activation due to administration of testosterone in men 
with known history of prostate cancer. On the contrary, there is 
extensive literature indicating that testosterone replacement does 
not pose any increased risk of prostate cancer growth in men 
with or without prior treatment. Further evidence discussed by 
the review article is that prostate cancer is almost never observed 
in the peak testosterone years of the early 20s, despite autopsy 
evidence that men in this age group already harbor microfoci 
of prostate cancer in substantial numbers. Moreover, there has 
been a report on the absence of prostate-specific antigen recur-
rence with testosterone replacement in small numbers of men 
after radical prostatectomy. The author concluded that although 
still controversial, there appears to be little reason to withhold 
testosterone-replacement therapy from men with favorable out-
comes after definitive treatment for prostate cancer. For those 
men on testosterone replacement, monitoring with prostate-spe-
cific antigen and digital rectal examination at regular intervals 
is recommended [40].

To conclude, the issue of hormone-replacement therapy for 
hormonal deficiency following cancer treatment remains an 
extremely controversial issue that needs further extensive research 
to aid decision-making, balancing the risk of activating underly-
ing sex hormone-dependent cancers against the short- and long-
term health benefits of sex hormone-replacement therapy. Mulder 
addressed the issue in an interesting review that focused on young 
adult cancer survivors [41].

Pubertal disturbance following cancer treatment
Cancer treatment can affect puberty in different ways. Both pre-
cocious and delayed puberty can occur as a result of disturbance of 
the hypothalamic–pituitary–gonadal axis. Gonadal damage may 
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result in delayed puberty or even absent puberty when the damage 
is irreversibly complete. Müller reviewed the issue of pubertal dis-
turbances associated with cancer treatment. Chemotherapy and 
irradiation of the brain given for childhood cancer can affect the 
hypothalamic–pituitary–gonadal axis, which carries the risk of 
late endocrine effects, including pubertal disturbances. Cranial 
irradiation during the prepubertal age can induce early or even 
precocious puberty, particularly in girls. Damage to the hypotha-
lamic–pituitary axis may cause hypogonadotrophic hypogonad-
ism at a later stage. Gonadal damage secondary to irradiation, 
such as part or total body irradiation before bone marrow trans-
plantation, will most likely cause gonadal failure and incomplete 
or absent puberty in girls. Interestingly, this is not the case in 
boys who in most cases will experience normal pubertal devel-
opment except for small testes. Gonadal damage can also occur 
secondary to chemotherapy, particularly when alkylating agents 
are administered, which are particularly gonadotoxic. Again, girls 
are more susceptible to gonadal failure than boys, who will usu-
ally achieve normal pubertal development. Unfortunately, a good 
proportion of childhood cancer patients receive a combination 
of cancer treatments that complicates the prediction of pubertal 
development [42].

The management of pubertal disturbances associated with 
cancer treatment should start with the careful close follow-up of 
these children following cancer treatment to detect any puber-
tal disturbances (either precocious or delayed). Treatment of 
precocious puberty due to premature activation of the hypotha-
lamic-pituitary–gonadal axis should be amenable for treatment 
with GnRH analog. However, there is a paucity of information 
in the literature concerning outcomes, particularly in cancer 
patients [43].

 On the other hand, delayed or absent puberty development 
should respond to sex hormone-replacement therapy. In addi-
tion, the use of growth hormone-replacement therapy is also of 
significant help [44,45]. However, there is no consensus with regard 
to when to start treatment, particularly in girls, and the best 
dosage and regimens of replacement therapy. Close teamwork 
between pediatric endocrinologists, reproductive endocrinolo-
gists and oncologists should help in achieving adequate clinical 
outcomes [46–53].

In addition to reproductive endocrine disruption associated with 
cancer and its treatment, other endocrine glands are affected.

Conclusion
There is an increasing need to provide adequate clinical care 
for reproductive needs to cancer survivors, whose numbers are 
growing every year. For those desiring fertility (i.e., achievement 
of pregnancy), preventing reproductive damage by cancer treat-
ment, as well as fertility preservation before starting cancer treat-
ment are believed to be the most effective approaches. However, 
the existence of successful ARTs provides promising hope for 
those who have already suffered from reproductive damage due 
to cancer treatment. For those who desire fertility, applying the 
technology of assisted reproduction with PGD to prevent the 
transmission of genetic mutations that predispose for hereditary 

cancers into their offspring is an exciting new technology. For 
fertile cancer survivors, preventing pregnancy by effective con-
traception is crucial when pregnancy is contraindicated. When 
sex hormonal deficiency is inevitably attained (premature 
menopause and andropause), balancing the risks of activating 
underlying cancers that are sex hormone dependent against the 
risks of long-term morbidity due to sex hormonal deficiency is 
usually a difficult clinical judgment. Adequate counseling by 
providing the available different options and risks is usually 
helpful in making a decision, which should be shared by the 
patient and the treating physician. A collaborative consultation 
between subspecialists in oncology, reproductive endocrinology 
and andrology should provide the best evidence-based clinical 
care for cancer survivors. 

Expert commentary
There remain unmet needs for providing adequate long-term 
healthcare, particularly reproductive care, for patients surviv-
ing cancer treatment during their childhood and reproductive 
years. The lack of adequate patient counseling and failure of 
effective collaboration between subspecialists in oncology, repro-
ductive endocrinology and andrology are the two major factors 
contributing to the failure to provide clinical reproductive care 
for cancer survivors. With growing numbers of cancer survi-
vors every year, the time has come to consider building up a 
new medical subspecialty for reproductive endocrine–oncology 
that includes healthcare providers who have adequate clinical 
training and knowledge in reproductive issues related to cancer 
patients, including fertility preservation, hereditary oncogenetics 
and endocrine care for cancer patients. 

Five-year view
The success of the new technologies of fertility preservation 
and reproductive genetics (PGD) in association with increas-
ing demands from growing numbers of cancer survivors will 
open the door for the creation of a subspecialty of reproductive 
endocrine–oncology. Increased awareness of the available new 
technologies on the sides of both the healthcare professionals 
and patients should help in reducing the recent legislations and 
restrictions imposed on the practice of assisted reproduction 
in Europe and other parts of the world such as restrictions on 
oocyte and embryo freezing and practices of PGD. The expan-
sion and high success of fertility preservation, assisted reproduc-
tion and PGD technologies will make these technologies more 
readily available and less expensive, which will lead to more 
patients benefiting from them.
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