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KEY POINTS and women and testicular tissue in the child assents and the interven-
� Clinicians should inform patients
receiving potentially gonadotoxic
therapies about options for fertility
preservation and future reproduction
prior to the initiation of such treat-
ment. A collaborative multidisci-
plinary team approach is encouraged.

� Established methods of fertility pres-
ervation include sperm cryopreser-
vation in men and embryo and
oocyte cryopreservation in women.

� Due to technological advancesmade in
the past decade, oocyte cryopreserva-
tion has become a viable option prior
to gonadotoxic therapy for postpuber-
tal girls, single women, and those who
havemoral or ethical objections to em-
bryo freezing. Data, however, are still
limited about long–term follow–up.

� Experimentalprocedures suchas cryo-
preservation of ovarian tissue in girls
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prepubescent males should be offered
only in a research setting with institu-
tional review board (IRB) oversight.

� The data on the use of gonadotropin–
releasing hormone analogs (GnRHa)
for ovarian suppression have been
conflicting; until definitive proof of
efficacy is established, other fertility
preservation options should be offered
in addition to GnRHa treatment.

� All available options should be offered
and canbeperformedaloneor in com-
bination, often without causing sig-
nificant delay to cancer treatment.

� Concerns about the welfare of result-
ing offspring are not sufficient
reasons to deny patients facing go-
nadotoxic treatments assistance in
reproducing.

� Parents may act to preserve fertility
of cancer patients who are minors if
; published online October 2, 2013.
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tion is likely to provide potential
benefits to the child.

� Instructions should be specified
about the disposition of stored gam-
etes, embryos, or gonadal tissue in
the event of the patient’s death, un-
availability, or other contingency.

� Preimplantation genetic diagnosis
(PGD) to avoid the birth of offspring
with a high risk of inherited cancer is
ethically acceptable.
Cancer patients survive at increas

ing rates, but successful treatment in
younger patients often leads to reduced
fertility. Chemotherapy also is often
used for noncancerous conditions such
as autoimmune diseases like systemic
lupus erythematosus (SLE) and hemato-
logical diseases. If damage to reproduc-
tive organs from treatment is likely,
cryopreserving gametes, embryos, or
gonadal tissue may help to preserve
fertility. Techniques for freezing sperm
and embryos are well established. Tech-
niques for oocyte cryopreservation have
seen dramatic improvement in the last
decade with improved pregnancy out-
comes; however, long–term data on
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outcome are still limited. Techniques for freezing testicular and
ovarian tissue are still experimental.

The intersection of gonadotoxic therapy and reproduc-
tion raises ethical issues for both cancer and fertility special-
ists, including issues of experimental vs. established
therapies, the ability of minors to give consent, the welfare
of expected children, and posthumous reproduction (1). In
some respects, gonadotoxic treatment–related infertility is
not markedly different than other kinds of infertility. In other
respects, however, the context of cancer gives rise to issues of
patient and offspring welfare that do not arise in other infer-
tility settings. This statement seeks to guide specialists who
provide gonadotoxic therapy (oncologists, hematologists,
rheumatologists, neurologists, etc.) and fertility specialists
in attempts to preserve fertility and to aid patients in repro-
ducing after gonadotoxic treatment.
INCREASED SURVIVAL AND REDUCED
FERTILITY

Improvements in treating cancer have enabled many
younger persons with cancer to survive (2). Five–year survival
rates with testicular cancer, hematologic malignancies, breast
cancer, and other cancers that strike young people may be in
the 90% to 95% range. However, treatment of these cancers is
often highly detrimental to both male and female reproduc-
tive function.

The testis is highly susceptible to the toxic effects of radi-
ation and chemotherapy at all stages of life. Cytotoxic chemo-
therapy and radiotherapy may produce long–lasting or
persistent damage to primordial sperm cells, leading to oligo–
or azoospermia. The most common strategy to preserve
fertility is cryopreservation of sperm before treatment for later
use. Cryopreservation of testicular tissue from prepubescent
males remains experimental (3).

Female fertility also may be impaired following surgery,
chemotherapy, or radiotherapy treatment for cancer (4).
Ovarian damage is drug– and dose–dependent and is related
to age at the time of treatment, with progressively smaller
doses producing ovarian failure as the patient’s age increases.
Total body, abdominal, or pelvic irradiation may cause
ovarian and uterine damage, depending on radiation dose,
fractionation schedule, and age at time of treatment (5). An
elevated serum follicle–stimulating hormone (FSH) level is
the most commonly used biochemical indicator of ovarian
damage and failure. However, antim€ullerian hormone
(AMH) and antral follicle count (AFC) are emerging as other
markers of ovarian aging (6–8).

Preservation of fertility in females ismore complicated than
in males. Conservative fertility–sparing treatment such as
radical trachelectomy in cervical cancer, hormonal treatment
of early endometrial cancer, and conservative surgical manage-
ment of early–stage epithelial ovarian cancer may be possible
for certain women with early invasive disease (9). Reducing
the radiation dose to the ovary by shielding or surgically
removing the ovaries from the field of radiation (i.e., oophoro-
pexy) may preserve ovarian function (10). Suppression of folli-
culogenesiswithGnRHas for fertility preservation has long been
controversial (11, 12). Several small randomized studies (13, 14)
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and meta analyses (15–18) have shown conflicting
data. However, a large, multi–center randomized trial has
recently demonstrated the efficacy of GnRHa in reducing
chemotherapy–induced ovarian failure in breast cancer
patients who mostly received nonalkylating chemotherapeutic
agents (19). If the cancer treatment can be delayed, it is
possible to undergo ovarian stimulation and retrieve and
freeze eggs (both mature and immature) or produce embryos
that can be frozen for later transfer to the individual or a
gestational carrier. Ovarian tissue freezing prior to the
initiation of gonadotoxic treatment is still experimental with
several live births reported worldwide (20). It is becoming a
viable option for prepubertal girls where oocyte and embryo
freezing is not an option, for women who either cannot delay
treatment or hormonal treatments are contraindicated, or for
women undergoing risk reduction salpingo–oophorectomy.
THE PATIENT’S DILEMMA: BALANCING
CANCER AND FERTILITY

A diagnosis of cancer is a life crisis for any person. Its
impact varies with the type of cancer, treatment prospects,
and thephysical, emotional, and social resources of thepatient.
Younger persons face the additional potential loss of reproduc-
tive function and the opportunity to have children. Surveys of
cancer patients reveal a very strong desire to be informed of
available options for fertility preservation and future repro-
duction (21). At the same time that patients (and their parents
in cases involving minors) receive a diagnosis of cancer, they
also must consider possible effects on fertility. To preserve
fertility, they may need to accept changes in standard treat-
ment protocols or undertake steps to preserve gametes or
gonadal tissue that carry their own risks and uncertainties.

Men in these circumstances sometimes find producing
sperm highly stressful. Women have more options, but all
are more intrusive. If there is time before treatment, a woman
may undergo ovarian stimulation, oocyte retrieval, in vitro
fertilization (IVF), and oocyte or embryo cryopreservation.
The approach of using oocytes to create embryos that can
be frozen indefinitely is an option only for women with
male partners and for women without male partners who
are willing to use a sperm donor. These strategies require
that the woman undergoes an invasive procedure at time of
diagnosis and while she awaits definitive treatment for her
cancer. In the future, laparoscopic ovarian biopsy with
ovarian tissue cryopreservation may become well enough
established to be offered routinely to patients as an estab-
lished therapy. Preserving the fertility of patients who are
minors further complicates the situation.

After the acute phase of diagnosis and treatment, patients
must adjust to living their lives as cancer survivors. If treat-
ment brings cure or remission, they may consider having chil-
dren. That decision will depend on the patient’s medical status
and prognosis, their partner status, their age, whether repro-
duction can safely occur for patients and offspring, and repro-
ductive options. If cancer survivors are not able to reproduce
coitally, they may seek medical assistance, including the use
of stored gametes or tissue. Theyalsomayconsider donor gam-
etes, gestational surrogacy, adoption, or not having children.
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THE ROLE OF ONCOLOGISTS AND OTHER
MEDICAL SPECIALISTS IN PRESERVING
FERTILITY

Physicians treating younger patients for cancer and
noncancerous conditions should be aware of the adverse ef-
fects of treatment on fertility and ofways tominimize those ef-
fects. Issues to be considered in choosing a treatment plan
include the risk of gonadal failure and/or uterine damage
with the proposed treatment program, the overall prognosis
for the patient, the potential risks of delaying treatment, the
impact of any future pregnancy upon the risk of tumor recur-
rence, and the impact of any required hormonal manipulation
on the cancer itself. If gonadal toxicity is unavoidable, physi-
cians also should be knowledgeable about options for fertility
preservation andoffer patients a referral to a fertility specialist.

While many physicians treating cancer in younger
patients are sensitive to these issues, oncologists traditionally
have focused on providing the most effective treatments
available to help prolong life. With the growing number of
cancer survivors, much attention is now focused on their
quality of life and the physical, psychological, social, and
spiritual issues that they confront (22). A high quality of life
for younger survivors may include the ability to have and
raise a family. With such great improvements in survival rates
for younger patients, oncologists also must pay attention to
the impact of treatment on fertility and ways to preserve it.

There is some evidence that not all oncologists are as
attentive to issues of fertility as patients might wish them to
be (23). If gonadal toxicity is likely, physicians might not al-
ways inform patients of options for gamete, embryo, or
gonadal tissue storage. In surveys of male cancer patients,
for example, 30% to 40% of patients report that physicians
did not raise the issue of fertility or sperm preservation. A
recent study showed that although 60% of oncologists re-
ported an awareness of the American Society of Clinical On-
cology’s (ASCO’s) guidelines for fertility preservation, less
than 25% of the respondents said they follow them on a reg-
ular basis, distribute any type of educational materials, or
refer patients for fertility–preservation discussions (24). In
addition, some physicians raise the issue with adolescent
patients in settings in which it may not be comfortable for
the patient to discuss the matter (e.g., in the presence of
parents). Oncologists may be unaware of the options available
for women or to whom to refer patients for further advice.

We believe that a strong case exists for fertility preserva-
tion to be considered in cases of younger persons with treat-
able cancers. This involves informing patients and/or their
families of options, benefits, and risks, and referring them
to fertility specialists, if appropriate. Unless patients are
informed or properly referred before treatment, options for
later reproduction may be lost. Fertility specialists and patient
organizations should work with cancer specialists and cancer
organizations to make certain that information is appropri-
ately conveyed and options explained. Medical specialists
who use gonadotoxic therapies to treat noncancerous condi-
tions also should be aware of these fertility–preservation
options and make appropriate resources available to their
patients.
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THE ROLE OF FERTILITY SPECIALISTS IN
PRESERVING FERTILITY

Reproductive physicians play important roles in helping
to preserve the reproductive capacities of young cancer pa-
tients. First, they are involved in developing and using proce-
dures to preserve gametes, embryos, and gonadal tissue before
treatment. Second, fertility specialists will assist cancer survi-
vors in using preserved gametes and tissue or in providing
other assistance in reproduction.

The fact that the patient has just been diagnosed with
cancer or survived the acute or extended phase of coping
with cancer distinguishes the cancer patient from other
fertility patients. Variations in type of cancer, time available
to onset of treatment, age, partner status, type and dosage of
any chemotherapy and radiotherapy, and the risk of sterility
with a given treatment regimen require that each case have
its own treatment strategy. Consultation with the patient’s
oncologist is essential. A key issue at the time of treatment
of the cancer is whether it is medically feasible to obtain
gametes or gonadal tissue for storage and later use. Questions
about the patient’s health and prognosis also will arise when
the patient is deciding later whether to reproduce. When a
partner exists, he or she also should be included in the
discussion.
PRESERVING GONADAL TISSUE, GAMETES,
AND EMBRYOS: SAFETY AND EFFICACY OF
PROCEDURES

Themain role of fertility specialists with cancer patients is
to preserve gametes, embryos, or gonadal tissue for use at a
future time. The only established clinical option for preserva-
tion of male fertility is cryopreservation of spermatozoa
obtained either via ejaculation or surgical sperm retrieval.
The feasibility depends upon the sexual maturity of the
patient. When it is not possible to obtain an ejaculate, sperm
can be retrieved by epididymal aspiration or testicular biopsy
in sexually mature men. Not infrequently, sperm produced by
cancer patients at the time of diagnosis are of poor quality.
With advances in assisted reproduction techniques, in partic-
ular intracytoplasmic sperm injection (ICSI), freezing of even
one ejaculate before starting cancer treatment provides a
plausible chance of having a biological child.

In most instances, preservation of sperm obtained by
masturbation poses no particular ethical problem. Where
ejaculation is not possible, questions also will arise about
the permissibility and circumstances under which electroeja-
culation, testicular biopsy, testicular sperm extraction, or
epididymal sperm aspiration may be appropriate.

Preserving ovarian function when chemotherapy or radi-
ation to the ovaries cannot be avoided is more problematic.
The most established strategy for preservation of female
fertility is for a woman to undergo a cycle of IVF and create
embryos for later use. This option is available only if there
is time before treatment to undergo a cycle of stimulation
to obtain eggs and a safe method of ovarian stimulation
exists. A spouse, partner, or the patient’s willingness to use
donor sperm for this purpose also is necessary. When embryo
VOL. 100 NO. 5 / NOVEMBER 2013
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cryopreservation is not feasible or desired, women who have
the time and ability to undergo a stimulation cycle should be
offered oocyte cryopreservation. Freezing ovarian tissue for
later retransplantation or in vitro maturation of oocytes
may still be offered with appropriate institutional review
board (IRB) oversight when other more established options
are not feasible.
Oocyte Cryopreservation

An option for postpubertal females who lack a male part-
ner, who are unwilling to use donor sperm, or object to embryo
freezing would be to undergo ovarian stimulation and oocyte
retrieval to obtain eggs that can be frozen and thawed at a later
timewhen the patient is ready to have offspring. Some women
with a partner alsomaywish to freeze a portion of their oocytes
unfertilized in the event that their current relationship dis-
solves. Oocyte cryopreservation, once deemed experimental
due to the technical challenges associated with the size and
structural complexity of oocytes, has now seen a higher suc-
cess in several programs as evidenced by recent literature.
With the use of cryoprotectants and cryotools in combination
with rapid freezing techniques (vitrification) and fertilization
with ICSI, multiple clinics have reported increased pregnancy
rates using frozen and thawed oocytes (25, 26).

As of June 2009, over 900 children had been born from
oocyte freezing with no apparent increase in congenital
anomalies (27). The Practice Committee of the American
Society for Reproductive Medicine, after reviewing available
evidence, concluded that oocyte cryopreservation may be
a viable alternative for those women with high potential
for ovarian failure for whom embryo freezing is not an
option (28).
Ovarian Tissue Cryopreservation

At present, women who cannot delay treatment and un-
dergo ovarian stimulation to create embryos or obtain oo-
cytes for freezing have no way to preserve their fertility.
Experimental protocols do exist, however, for removing
and freezing ovarian cortical tissue. It is anticipated that
ovarian tissue will be thawed and implanted after cancer
treatment or that techniques for maturing oocytes in vitro
will be developed in the future. Although ovarian tissue
cryopreservation is still experimental, the technique is prom-
ising as a fertility–preservation option and there have been
several live births reported from cryopreserved ovarian tissue
(20). Major problems include ischemic damage to the tissue
pending transplant and revascularization and the theoretical
possibility of reintroducing malignant tumor cells. If these
and other problems are overcome, this technique may be
used without delaying treatment or using hormones to stim-
ulate the ovaries in patients healthy enough to undergo a
laparoscopic ovarian biopsy or oophorectomy.

Some women have volunteered for experimental
removal of ovarian tissue in order to preserve the chance
of using their own eggs to reproduce. Given the uncertain
and unestablished state of this procedure, it is essential
that it be offered only as part of an IRB–approved research
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protocol, with full disclosure of risks and uncertainty of
benefits to the patient.
Issues in Minors with Cancer

The question of preserving fertility also will arise with mi-
nor patients, many of whom will not be competent to consent
to such efforts. Ethical and legal norms require that proce-
dures done on minors serve their best interests. If invasive
procedures are necessary, minors who are able to understand
the choice presented must give their assent (permission that is
less than full consent). Accepted methods of preserving
gonadal material for minors should be offered to parents in
the informed consent process and also in accord with the
American Academy of Pediatrics statement on pediatric
assent, according to which children should be involved in a
developmentally appropriate manner in health care decisions
(29, 30). Investigational methods should be offered to parents
only under an IRB–approved protocol.

Postpubertal males ordinarily will be capable of ejacu-
lation and can provide sperm for storage. Care and tact
should be taken in discussing this option with them,
including discussions outside of the presence of their par-
ents. If the children cannot ejaculate or are too young,
then an epididymal sperm aspiration and testicular sperm
extraction can be done with their assent and parental con-
sent, as long as this is recognized as a safe and effective
way of maintaining male fertility. At some point, testicular
tissue cryopreservation in prepubertal males also may be
feasible. Testicular tissue cryopreservation in prepubescent
males is considered experimental and only should be
performed only under the auspices of IRB or surgical inno-
vation committee oversight.

With females, the question of fertility preservation could
arise first with postpubertal minors who would be capable of
assent or objection. If a stimulation cycle may occur safely,
they could assent to oocyte retrieval and storage of embryos
with donor sperm. In programs where cryopreservation of
oocytes is established as safe and effective, they also might
also assent to stimulation and retrieval to provide oocytes
for storage. If ovarian tissue cryopreservation also becomes
feasible, they could assent to laparoscopy to obtain ovarian
tissue. If they object to any of these alternatives, the proce-
dures should not be done, despite parental wishes.

If ovarian tissue cryopreservation is shown to be safe and
effective, efforts to preserve the fertility of prepubertal
females also may be possible. As with older females, both
parental consent and the child’s assent to ovarian tissue cryo-
preservation procedures would be necessary. If the child is too
young to give assent, parents may consent to removal of
ovarian sections if the procedure is deemed to offer a potential
benefit to the child. Although persons might differ on this
question, reasonable persons could find that the parents’
choice to preserve the child’s fertility in this way is a reason-
able one in light of the relatively limited intrusion (laparo-
scopic ovarian biopsy) that would be necessary. It would be
advisable in such cases to have an ethics committee or other
independent body review the parental and physician decision
to go forward.
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Use of Experimental Procedures in Minors

The same requirements of minor assent, parental consent,
and net benefit would apply to use of these procedures by mi-
nor children when the procedures are still experimental (31).
Because their experimental use is beneficial for the minor
subject, it might be done with his/her assent or the consent
of the parents if an IRB finds that the expected benefits of
future reproduction to the child outweigh the burdens of the
procedure for getting gametes or gonadal tissue. If the child
is postpubertal and there is time, then a controlled ovarian
stimulation cycle could occur. If there is not time or the pa-
tient has not entered puberty, experimental ovarian cryopres-
ervation might occur as part of an IRB–approved protocol for
preserving the fertility of younger female cancer patients with
the assent of the patient and parental consent. Ordinarily,
however, the efficacy of this procedure should be tested first
in persons who are capable of giving an informed consent.
DIRECTIONS FOR DISPOSITION OF STORED
GAMETES, EMBRYOS, AND GONADAL TISSUE

Persons whose gametes, embryos, or tissue are stored to
preserve fertility or their legal guardians should give direc-
tions for disposition of that tissue in the future. This might
best be done when the gametes, embryos, or gonadal tissue
are removed or preserved, but directions can be given or
amended at any later time that the patient wishes.

As with directions for storing embryos, the person should
specify what should be done with stored gametes, embryos, or
gonadal tissue if he/she dies or otherwise is unavailable; does
not pay storage fees; or has abandoned the gametes, embryos,
or gonadal tissue. Also important is whether patients specify
in writing in advance that they want those materials dis-
carded or used in research, or whether they consent to use
of them for posthumous reproduction and by whom.
ASSISTING CANCER SURVIVORS TO
REPRODUCE

Persons of reproductive age who survive cancer may seek
to reproduce. If they have retained reproductive function,
they may conceive coitally. If they have diminished reproduc-
tive function, they may seek the help of fertility specialists. In
some cases they can make use of previously stored gametes,
embryos, and gonadal tissue for that purpose. Other options
that may be appropriate include donor gametes, donor
embryos, gestational surrogacy, and adoption.

Apart from the risks posed by fertility treatment, physi-
cians may be concerned about the risks posed by pregnancy
on cancer recurrence. Although pregnancy can theoretically
aggravate cancer, it may not necessarily be contraindicated.
However, it is generally recommended that pregnancy be
delayed until cancer treatment is concluded because of con-
cerns over the impact of treatment on the fetus. The optimal
timing of conception after cancer treatment is uncertain.

Reproductive physicians treating cancer survivors should
be cognizant of the patient’s medical status, treatment plan,
and prognosis. They also should be aware of potential harmful
effects of the therapy and reproduction on future offspring.
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Such effects may occur because of theoretic mutagenic effects
secondary to previous cancer treatment, the reproductive
techniques themselves, or the risk of heritable disease. They
also may arise from psychosocial factors, such as the prospect
of recurrence of cancer and a reduced lifespan or the posthu-
mous use of gametes. Physicians also must disclose fully the
accepted or experimental status of any procedures offered, as
will be the case when cryopreserved ovarian tissue is used to
reproduce.
Risks to Offspring from Reproduction

Providing medical assistance to cancer survivors may
on occasion raise ethical issues about the impact of their
reproduction on future children. One set of issues concerns
whether resulting offspring are at a higher risk for congenital
anomalies, chromosomal defects, or cancer because of previ-
ous treatment or the effects of the assisted reproductive
technologies.

Studies that have examined pregnancy outcomes in can-
cer survivors have found no significant increase in congenital
malformations or malignant neoplasms in the resulting
offspring (32). These studies, however, primarily evaluated
women who conceived spontaneously many years after
chemotherapy treatment.

Patients should be counseled about the current state of
knowledge about the risks of assisted reproductive techniques
to offspring. Thus far, review of relevant published data on
the health of children born following IVF/ICSI find only
modestly increased risk of most malformations, cancers, and
birth defects and no evidence of impaired psychosocial devel-
opment (33–36). However, singleton IVF babies are at
increased risk for low birth weight, prematurity, and perinatal
mortality. There is also a 10–fold increase in multiple births
following IVF compared with the overall population, and
multiple births are at higher risk for adverse neonatal
outcomes (37).

If evidence developed that children born to men and
women after chemotherapy or fertility preservation and assis-
ted reproduction suffered serious defects, then presumably
few persons would be interested in using and few doctors in
providing these procedures. In those cases, the resulting chil-
dren, strictly speaking, may not have been harmed because
they have been born and would not have existed if the parent
with cancer had not reproduced. Whether parents and doctors
should nevertheless proceed would depend upon how great
those risks are and whether doing so, in light of all the circum-
stances, seems reasonable and responsible.

A second set of issues concerns the possibility that the can-
cer patient who appears to have been cured or be in remission
will have a recurrence of the cancer and die prematurely, leav-
ing a minor child bereft of one parent. Some physicians have
suggested that it might be unethical to enable persons to repro-
duce in situations in which the parent faces a greatly lowered
lifespan or ability to care for a child (37, 38). Ethical analysis,
however, shows that such a concern is not persuasive. First,
depending on the cancer type and stage at diagnosis, the risk
of cancer recurrence, while higher than in noncancer groups,
may not be excessively high. Second, the child in question
VOL. 100 NO. 5 / NOVEMBER 2013
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will have a meaningful life even if he or she suffers the
misfortune of an early death of one parent. Third, while the
impact on a child of the early loss of a parent is substantial,
many children experience stress and sorrow from the
economic, social, and physical circumstances of their lives.
Posthumous Use of Stored Reproductive Tissue

In some cases, persons who have stored gametes, em-
bryos, or gonadal tissue will die before they have had an op-
portunity to use them. Patients, surviving spouses, or family
might want to have the gametes or tissue used for reproduc-
tion, for donation to others, or for research. If this occurs, it
could lead to the deceased person reproducing after his or
her death either with the source’s partner at the time of storage
or with recipients of gametes or embryos donated to others.

While it is desirable that children have two rearing par-
ents, the risks to children of diminished welfare due to being
born to a single parent are not so great that helping single par-
ents reproduce is unethical or should be discouraged. As long
as the single person has the capability for reproducing,
whether the gametes used come from a posthumous source,
an anonymous living source, or a known living source, would
not ordinarily be of ethical importance.

A relevant question is whether the deceased had con-
sented to posthumous use of his or her stored tissue or gam-
etes in a consent form, advance directive, or another
reliable indicator of consent before death. The legal system
has recognized that the person’s prior wishes about disposi-
tion of reproductive material is controlling after death. In-
structions that all such material shall be destroyed or not
used after death should be honored. Similarly, the law permits
gametes and embryos to be used after death if the person has
given such directions or if the partner or next of kin has dispo-
sitional control of them. Courts have also accepted that chil-
dren born after posthumous conception or implantation are
the legal offspring of the deceased if he or she gave instruc-
tions that gametes or embryos may be used after his or her
death for reproduction (39, 40).

Until there is more experience with posthumous reproduc-
tion, this Committee thinks that a policy of allowing posthu-
mous reproduction only when the deceased has specifically
provided an advance directive and the surviving spouse or other
designee agrees is a sound one. As a result, it is essential that
programs storing gametes, embryos, or gonadal tissue for can-
cer patients inform patients of the options for disposition of
those materials at a future time when the depositor is, due to
death, incompetency, or unavailability, unable to consent
themselves to disposition. Whether offspring conceived or im-
planted posthumously will be recognized under the deceased’s
will or state inheritance laws will depend on the law of the state
in which these events occur.

AVOIDING CANCER IN OFFSPRING
At present, there do not appear to be major mutagenic

effects in offspring born to patients successfully treated for
cancer (41). An additional concern is the efforts of patients
at risk for, or who have, inherited forms of cancer to prevent
transmission to offspring. Some persons with heritable can-
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cers want to reproduce only if they have reasonable assurance
that their child would not have a high risk for their cancer and
the burdens that that risk entails.

The development of techniques for prenatal diagnosis and
PGD provides a way that parents with heritable cancers can
prevent transmission of that risk to offspring. Couples intent
on minimizing the risk of transmitting cancer genes to
offspring may be reluctant to use prenatal diagnosis and
termination of pregnancy but would accept PGD for that
purpose.

PGD now is generally accepted in lieu of prenatal diag-
nosis to reduce the risk of the birth of a child with autosomal
or X–linked diseases, such as cystic fibrosis, Tay–Sachs,
sickle cell anemia, and fragile X syndrome. Unlike the early
onset of these conditions, the risk of inheriting cancer might
not eventuate until much later in the life of the child, and the
gene for the disease may not be fully penetrant. While some
persons would argue that the time of onset of disease or vari-
ation in risk for inherited cancer has enough ethical weight
to justify treating those cases differently, this Committee
believes that when the genetic risks are substantial and pre-
implantation tests for them exist, couples may ethically
choose to screen embryos to avoid having children with a
high risk of those cancers.
CONCLUSIONS
Patients facing gonadotoxic treatments have important

needs in preserving and exercising fertility that cancer and
fertility specialists should try to protect. When damage to
reproductive organs due to gonadotoxic treatment is un-
avoidable, health care providers should inform patients of op-
tions for storing gametes, embryos, or gonadal tissue and
refer them to fertility specialists who can provide or counsel
them about those services. Counseling by a qualified mental
health professional and genetic counselor, when appropriate,
also should be offered.

Fertility programs should counsel patients and survivors
on the risks of gonadotoxic treatment on fertility and the op-
tions for and risks of preserving fertility and reproducing after
cure or remission. Fertility–preservation procedures that have
not been shown to be safe and effective should be offered to
patients only in an experimental setting under IRB oversight.
Parents may act to preserve reproductive options of minor
children undergoing gonadotoxic treatment as long as the
minor assents, the intervention does not pose undue risk,
and the intervention offers a reasonable chance of net benefit
to the child.

Concerns about the welfare of resulting offspring,
whether due to an expected shortened lifespan of the parent
or effects of cancer or infertility treatment (in the present state
of knowledge) ordinarily are not a sufficient reason to deny
cancer patients assistance in reproducing. Programs storing
gametes, embryos, or gonadal tissue for cancer patients
should request clear instructions about what should be done
with stored materials in the event of the patient’s death,
unavailability, nonpayment of storage fees, or other contin-
gency. Spouses or family members with legal rights to dispose
of a deceased patient’s stored gametes or other material
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should use them for posthumous reproduction only if the
deceased had previously consented to such posthumous use.

Physicians should assess the likely impact on offspring of
cancer treatments and fertility preservation and assisted
reproduction procedures and inform patients accordingly.
Preimplantation genetic diagnosis to avoid the birth of
offspring with a high risk of inherited cancer is ethically
acceptable.

Acknowledgments: This report was developed by the Ethics
Committee of the American Society for Reproductive Medi-
cine as a service to its members and other practicing clini-
cians. While this document reflects the views of members of
that Committee, it is not intended to be the only approved
standard of practice or to dictate an exclusive course of treat-
ment in all cases. This report was approved by the Ethics
Committee of the American Society for Reproductive Medi-
cine and the Board of Directors of the American Society for
Reproductive Medicine.

This document was reviewed by ASRMmembers and their
input was considered in the preparation of the final docu-
ment. The following members of the ASRM Ethics Committee
participated in the development of this document. All Com-
mittee members disclosed commercial and financial relation-
ships with manufacturers or distributors of goods or services
used to treat patients. Members of the Committee who were
found to have conflicts of interest based on the relationships
disclosed did not participate in the discussion or development
of this document.

Paula Amato, M.D.; Robert Brzyski, M.D., Ph.D.; Jean
Benward, L.C.S.W.; Andrea Stein, M.D.; Bonnie Steinbock,
Ph.D.; Bruce Wilder, M.D., M.P.H., J.D.; Richard Reindollar,
M.D.; Leslie Francis, J.D., Ph.D.; Laurie Zoloth, Ph.D.; Lau-
rence McCullough, Ph.D.; Elena Gates, M.D.; John Robertson,
J.D.; Judith Daar, J.D.; Senait Fisseha, M.D., J.D.; Steven Ral-
ston, M.D.; Mark Sauer, M.D.; Monique Spillman, M.D.; Rob-
ert Rebar, M.D.; Sean Tipton, M.A.

REFERENCES
1. Robertson JA. Cancer and fertility: ethical and legal challenges. JNCI Mono-

graph 2005;34:104–5.
2. U.S. National Institutes of Health, National Cancer Institute, Division of Can-

cer Control and Population Sciences. Surveillance, Epidemiology, and End
Results Program, 1975–2000. Available at: http://www.seer.cancer.gov.
Last accessed August 30, 2013.

3. Bahadur G, Chatterjee R, Ralph D. Testicular tissue cryopreservation in boys.
Ethical and legal issues: case report. Hum Reprod 2000;15:1416–20.

4. Thomson AB, Critchley HO, Kelnar CJ, Wallace WH. Late reproductive
sequelae following treatment of childhood cancer and options for fertility
preservation. Best Pract Res Clin Endocrinol Metab 2002;16:311–34.

5. Critchley HO, Bath LE, Wallace WH. Radiation damage to the uterus—
review of the effects of treatment of childhood cancer. Hum Fertil (Camb)
2002;5:61–6.

6. Broekmans FJ, Soules MR, Fauser BC. Ovarian aging: mechanisms and clin-
ical consequences. Endocr Rev 2009;30:465–93.

7. Visser JA, de Jong FH, Laven JS, Themmen AP. Anti-Mullerian hormone: a
new marker for ovarian function. 466 Reproduction 2006;131:1–9.

8. HI S. Measuring ovarian function in young cancer survivors. Minerva Endo-
crinol 2010;35:259–70.

9. Plante M. Fertility preservation in the management of gynecologic cancers.
Curr Opin Oncol 2000;12:497–507.
1230
10. Tulandi T, Al-Shahrani AA. Laparoscopic fertility preservation. Obstet Gyne-
col Clin North Am 2004;31:611–8.

11. Blumenfeld Z. Gynaecologic concerns for young women exposed to gona-
dotoxic chemotherapy. Curr Opin Obstet Gynecol 2003;15:359–70.

12. Oktay K, S€onmezer M. Gonadotropin-releasing hormone analogs in fertility
preservation-lack of biological basis? Nat Clin Pract Endocrinol Metab 2008;
4:488–9.

13. Badawy A, Elnashar M, El-Ashry M, Shahat M. Gonadotropin-releasing hor-
mone agonists for prevention of chemotherapy-induced ovarian damage:
prospective randomized study. Fertil Steril 2009;91:694–7.

14. Behringer K,Wildt L,Mueller H,Mattle V, Ganitis P, van den Hoonaard B, et al.
No protection of the ovarian follicle pool with the use of GnRH-analogues or
oral contraceptives in young women treated with escalated BEACOPP for
advanced-stage Hodgkin lymphoma. Final results of a phase II trial from the
German Hodgkin Study Group. Ann Oncol 2010;21:2052–60.

15. Beck-Fruchter R, Weiss A, Shalev E. GnRH agonist therapy as ovarian protec-
tants in female patients undergoing chemotherapy: a review of the clinical
data. Hum Repro Update 2008;14:553–61.

16. Clowse ME, Behera MA, Anders CK, Copland S, Coffman CJ, Leppert PC,
et al. Ovarian preservation by GnRH agonists during chemotherapy: a
meta-analysis. J Womens Health (Larchmt) 2009;18:311–9.

17. Ben-Aharon I, Gafter-Gvili A, Leibovici L, Stemmer SM. Pharmacological in-
terventions for fertility preservation during chemotherapy: a systematic re-
view and meta-analysis. Breast Cancer Res Treat 2010;122:803–11.

18. Bedaiwy MA, Abou-Setta AM, Desai N, Hurd W, Starks D, El-Nashar SA,
et al. Gonadotropin-releasing hormone analog cotreatment for preservation
of ovarian function during gonadotoxic chemotherapy: a systematic review
and meta-analysis. Fertil Steril 2010;95:906–14.

19. Del Mastro L, Boni L, Michelotti A, Gamucci T, Olmeo N, Gori S, et al. Effect
of the gonadotropin releasing hormone analogue triptorelin on the occur-
rence of chemotherapy-induced early menopause in premenopausal
women with breast cancer: a randomized trial. JAMA 2011;306:269–76.

20. Donnez J, Squifflet J, Pirard C, Demylle D, Delbaere A, Armenio L, et al. Live
birth after allografting of ovarian cortex between genetically non-identical
sisters.Hum Reprod 2011;26:1384–8.

21. Schover LR, Brey K, Lichtin A, Lipshultz LI, Jeha S. Knowledge and experience
regarding cancer, infertility, and sperm banking in younger male survivors.
J Clin Oncol 2002;20:1880–9.

22. Centers for Disease Control. A National Action Plan for Cancer Survivorship:
Advancing Pubic Health Strategies. Available at: http://www.cdc.gov/
cancer/survivorship/what_cdc_is_doing/action_plan.htm. Last accessed
August 30, 2013.

23. Schover LR, Brey K, Lichtin A, Lipshultz LI, Jeha S. Oncologists’ attitudes and
practices regarding banking sperm before cancer treatment. J Clin Oncol
2002;20:1890–7.

24. Quinn GP, Vadaparampil ST, Lee JH, Jacobsen PB, Bepler G, Lancaster J, et al.
Physician referral for fertility preservation in oncology patients: a national
study of practice behaviors. J Clin Oncol 2009;10:5952–7.

25. Kinzer D, Alper M, Barrett B. Donor oocyte cryopreservation and subsequent
pre-implantation genetic diagnosis of resulting embryos results in high preg-
nancy rates with a minimum number of embryos transferred. Fertil Steril
2008;90(Suppl 1):524.

26. Grifo JA, Noyes N. Delivery rate using cryopreserved oocytes is comparable
to conventional in vitro fertilization using fresh oocytes: potential fertility
preservation for female cancer patients. Fertil Steril 2010;93:391–6.

27. Noyes N, Porcu E, Borini A. Over 900 oocyte cryopreservation babies born
with no apparent increase in congenital anomalies. Reprod Biomed Online
2009;18:769–76.

28. The Practice Committees of the American Society for Reproductive Medi-
cine and the Society for Assisted Reproductive Technology. Mature oocyte
cryopreservation: a guideline. Fertil Steril 2013;99:37–43.

29. FallatME, Hutter J. American Academy of Pediatrics Committee on Bioethics;
American Academy of Pediatrics Section on Hematology/Oncology; Amer-
ican Academy of Pediatrics Section on Surgery. Preservation of fertility in pe-
diatric and adolescent patients with cancer. Pediatrics 2008;121:e1461–9.

30. Bartholome WG. Informed consent, parental permission, and assent in pe-
diatric practice. Pediatrics 1995;96(5 Pt 1):981–2.
VOL. 100 NO. 5 / NOVEMBER 2013

http://refhub.elsevier.com/S0015-0282(13)03007-0/sref1
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref1
http://www.seer.cancer.gov
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref2
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref2
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref3
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref3
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref3
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref4
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref4
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref4
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref5
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref5
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref6
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref6
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref7
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref7
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref8
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref8
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref9
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref9
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref10
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref10
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref11
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref11
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref11
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref11
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref12
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref12
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref12
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref13
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref13
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref13
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref13
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref13
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref14
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref14
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref14
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref15
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref15
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref15
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref16
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref16
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref16
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref17
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref17
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref17
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref17
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref18
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref18
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref18
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref18
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref19
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref19
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref19
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref20
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref20
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref20
http://www.cdc.gov/cancer/survivorship/what_cdc_is_doing/action_plan.htm
http://www.cdc.gov/cancer/survivorship/what_cdc_is_doing/action_plan.htm
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref21
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref21
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref21
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref22
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref22
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref22
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref23
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref23
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref23
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref23
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref24
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref24
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref24
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref25
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref25
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref25
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref26
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref26
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref26
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref27
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref27
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref27
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref27
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref28
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref28


Fertility and Sterility®
31. Code of Federal Regulations, 2004. 45 CFR 46.401-408.
32. Hawkins MM. Pregnancy outcome and offspring after childhood cancer.

BMJ 1994;309:1034.
33. Olson CK, Keppler-Noreuil KM, Romitti PA, Budelier WT, Ryan G, Sparks AE,

et al. In vitro fertilization is associated with an increase in major birth defects.
Fertil Steril 2005;84:1308–15.

34. DaviesMJ,MooreVM,WillsonKJ,VanEssenP,PriestK, ScottH, etal. Reproduc-
tive technologies and the risk ofbirthdefects.NEngl JMed2012;366:1803–13.

35. Hansen M, Kurinczuk JJ, de Klerk N, Burton P, Bower C. Assisted reproduc-
tive technology and major birth defects in Western Australia. Obstet Gyne-
col 2012;120:852–63.

36. Li LL, Zhou J, Qian XJ, Chen YD. Meta-analysis on the possible association be-
tween invitro fertilizationand cancer risk. Int JGynecolCancer2013;23:16–24.
VOL. 100 NO. 5 / NOVEMBER 2013
37. Schieve LA, Rasmussen SA, Buck GM, Schendel DE, Reynolds MA,
Wright VC. Are children born after assisted reproductive technology at
increased risk for adverse health outcomes? Obstet Gynecol 2004;103:
1154–63.

38. Towner D, Loewy RS. Ethics of preimplantation diagnosis for a woman
destined to develop early-onset Alzheimer disease. JAMA 2002;287:
1038–40.

39. Woodward v Commissioner of Social Security, 435 Mass. 536, 537–538,
760 N.E. 2d 257 (Mass Super Ct 2001).

40. Gillett-Netting v Barnhart, 371 F.3d 593,599 (9th Cir 2004).
41. Grundy R, Gosden RG, Hewitt M, Larcher V, Leiper A, Spoueas HA, et al.

Fertility preservation for children treated for cancer (1):scientific advances
and research dilemmas. Arch Dis Child 2001;84:355–9.
1231

http://refhub.elsevier.com/S0015-0282(13)03007-0/sref29
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref29
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref30
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref30
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref30
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref31
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref31
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref32
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref32
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref32
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref33
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref33
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref34
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref34
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref34
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref34
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref35
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref35
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref35
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref36
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref36
http://refhub.elsevier.com/S0015-0282(13)03007-0/sref36

	Fertility preservation and reproduction in patients facing gonadotoxic therapies: a committee opinion
	Key points
	Increased survival and reduced fertility
	The patient’s dilemma: balancing cancer and fertility
	The role of oncologists and other medical specialists in preserving fertility
	The role of fertility specialists in preserving fertility
	Preserving gonadal tissue, gametes, and embryos: safety and efficacy of procedures
	Oocyte Cryopreservation
	Ovarian Tissue Cryopreservation
	Issues in Minors with Cancer
	Use of Experimental Procedures in Minors

	Directions for disposition of stored gametes, embryos, and gonadal tissue
	Assisting cancer survivors to reproduce
	Risks to Offspring from Reproduction
	Posthumous Use of Stored Reproductive Tissue

	Avoiding cancer in offspring
	Conclusions
	Acknowledgments
	References


