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T

he unique duality involved in confronting a life-threatening
diagnosis while simultaneously considering the deeply human desire to have
a child presents a struggle both for patients with cancer and for clinicians.
Yet with improved survival rates among young patients with cancer, recent benchto-bedside translation of new techniques to preserve fertility, and increased awareness of choices for the preservation of fertility, options for family planning are now
being offered to patients who have received a diagnosis of cancer. Concerns about
fertility are similar for men and women; however, their opportunities for intervention differ considerably. This review describes current and emerging options for the
preservation of fertility in patients with cancer and provides a conceptual framework for managing concerns about fertility at the time of diagnosis.
The biomedical community faces four main challenges related to the preservation
of fertility in people with cancer: the improvement of patient-specific, life-preserving
treatments; the identification and reduction of the threat that cancer treatment poses
to fertility; the expansion of safe and effective options for fertility treatment; and
the creation of symptom-management plans for patients who lose endocrine function from the gonads as a consequence of cancer treatment.1 Current methods of
fertility preservation include hormone stimulation in women and sperm banking
in men. New methods for women, such as in vitro follicle maturation and techniques for tissue transplantation, are on the horizon.2,3 Decisions about the management of cancer can help to limit the side effects of treatment. Examples include
reducing the radiation dosage and eliminating alkylating agents, etoposide, or bleomycin from chemotherapeutic regimens in children with low-risk Hodgkin’s disease and using paclitaxel more selectively in patients with breast cancer.4,5 Such
treatment modifications can help to preserve fertility without compromising cancer care. The goal is to provide and develop methods of fertility preservation that
permit a range of options for patients that are linked to a multidisciplinary treatment plan until cancer treatments can be specifically targeted to cancer cells.

Fer t il i t y Pr e servat ion in Cl inic a l Pr ac t ice
Young Women with Breast Cancer

Although several malignant conditions affect young women, including melanoma,
cervical cancer, leukemia, lymphoma, and ovarian cancer, the cancer with the highest incidence in this population is breast cancer.6 In 2008, approximately 182,000
women in the United States were expected to receive a diagnosis of invasive breast
cancer.6 Of these patients, an estimated 16,000 were younger than 45 years of age.7
Many of these young women were planning to have children or contemplating the
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possibility. In some but not all patients, options
for the preservation of fertility can be explored before the initiation of therapy.
The stage of the disease at presentation and
the biologic features of the tumor often determine
the treatment strategy in patients with breast cancer. Patients with small tumors and disease that
is in the early stage (stage I) and has favorable
biologic characteristics (i.e., estrogen receptor–
positive, progesterone receptor–positive, and human epidermal growth factor receptor type 2–negative disease) typically undergo primary surgical
treatment. In patients who do not receive chemotherapy after surgery, subsequent treatment may
include radiation therapy and antiestrogen therapy for at least 5 years. Standard regimens of radiation therapy for breast cancer are not associated with significant ovarian toxicity, although
internal scatter radiation can reach the pelvis and
ovaries. Therefore, in vitro fertilization and egg
harvesting should not be performed during radiation treatment, and pregnancy should be prevented
(Fig. 1A).8,9 Indirect evidence provides support for
the delay of antiestrogen treatment to allow for
pregnancy after surgery and radiotherapy have
been completed.10,11 Thus, patients with earlystage breast cancer who do not receive chemotherapy and whose baseline fertility is within the
normal range have a relatively small treatmentrelated threat to fertility.
Patients with breast cancer who have tumors
larger than 1 cm, cancer that is metastatic to the
lymph nodes, or hormone receptor–negative disease often undergo chemotherapy.12 These patients
face a greater threat to fertility.13 Chemotherapeutic agents routinely used for the treatment of breast
cancer include cyclophosphamide, fluorouracil,
doxorubicin, paclitaxel, and docetaxel.14 Alkylating agents, including cyclophosphamide, are quite
toxic to the ovaries, particularly to the primordial
follicles, which represent the ovarian reserve (Fig.
1A).15,16 Although the effect of chemotherapeutic
regimens on fertility is predicated on the baseline
ovarian reserve, treatment effects become particularly pronounced by the time patients reach 40
years of age.17-19 Assessment of the ovarian reserve is complex, especially in patients who have
been treated for cancer. The most sensitive predictors of ovarian reserve in patients treated with
chemotherapy are basal measurements of serum
antimüllerian hormone, follicle-stimulating hor-
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mone, inhibin B, and estrogen levels.20,21 An ultrasound-guided antral follicle count can also be
helpful in assessing the ovarian reserve in patients
treated for breast cancer.20
Currently, there are subgroups of patients with
breast cancer that is being overtreated; this may
lead to unnecessary morbidity. Prognostic markers
in addition to disease stage are being incorporated
into clinical practice to help guide decisions about
treatment. Assays such as the Oncotype DX test,
which uses 21 genes to predict breast-cancer recurrence, may help patients and clinicians to
make decisions regarding the usefulness of chemotherapy.22 More refined selection of patients
may allow further tailoring of treatments and help
to spare fertility by minimizing unnecessary exposure to toxic chemotherapeutic agents. An algorithm for fertility preservation according to treatment indications in women with breast cancer is
shown in Figure 2.
At diagnosis, plans for fertility preservation
must take into consideration the individual patient’s priorities in conjunction with the recommended treatment strategy. Several options are
available to women with cancer who wish to preserve their germ line (Fig. 1B and Fig. 3). Patients
may elect to delay cancer treatment in order to
undergo one cycle of hormone stimulation, followed by cryopreservation of either a mature oocyte or an embryo.2,3,8,23 Both techniques require
a delay in cancer treatment for up to 1 month; this
may not be an option for some patients. Cryopreservation of mature oocytes is considered experimental, although more than 100 live births
have been reported with the use of this technique.24,25
Fertility preservation in patients with hormone
receptor–positive disease who would benefit from
systemic chemotherapy requires careful consideration. The association between pregnancy after
breast cancer and an increased risk of recurrence
has not been shown.26,27 But since estrogen receptor–positive and progesterone receptor–positive breast cancer is hormonally driven, ovarian
stimulation and the exposure to estrogens and
progestins may be contraindicated. The selective
estrogen-receptor modulator tamoxifen and aromatase inhibitors have been used during the induction of ovulation in patients with breast cancer,
but the benefit of this treatment as compared with
that of standard regimens of hormone stimulation
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Figure 1. Treatment Effects on Fertility and Options for Preserving Fertility in Women with Cancer.
As shown in Panel A, high-dose radiation and most chemotherapeutic agents damage the growing cells in mature
and immature follicles and, depending on the type of drug, the dose, and the age of the patient, may result in depletion of many or all follicles. This depletion may result in a short-term loss of reproductive function and an inability
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mize the hormonal exposure of pregnancy. Patients with less prognostically favorable, hormone
receptor–negative tumors may be better candidates
for fertility measures that require exposure to
elevated hormone levels. However, recent data
suggest that estrogens may have an indirect mitogenic effect on hormone receptor–negative can-
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Figure 2. Treatment Guidelines for the Preservation of Fertility in Young Women with Breast Cancer.
RETAKE
AUTHOR:
A discussion about the threat treatment poses
to fertility
is a Woodruff
critical part of the care
of young1st
patients with cancer, in order to allay conICM
of 3 have baseline infertility (i.e.,2nd
cerns or offer options for preserving fertility. REG
Some
patients 2may
infertility that is independent of the disF FIGURE:
3rd
ease), and patients with recurrent disease may
have diminished ovarian reserve as a result
CASE
Revised of previous chemotherapy. The clinician can
determine the premenopausal status of the patient
by asking about the
and obtaining a measurement of the follicle4-C history
Linemenstrual
EMail
SIZE
ARTIST:
ts day inH/T
stimulating hormone (FSH) level; an elevatedEnon
level on
an early
the menstrual
H/T cycle indicates diminished ovarian reserve. StrateCombo
gies for preserving fertility are then established, depending on treatment
decisions and 39p6
the time available for intervention. A multidisciPLEASE
NOTE: decisions made by the clinician and the patient are
plinary team that provides advice on these cases can help AUTHOR,
ensure that
the complex
Figure
has been redrawn
and type
has been reset.
integrated and that risk–benefit discussions about
all decisions
are clearly
delineated.
AMH denotes antimüllerian hormone, and ER esPlease check carefully.
trogen receptor.
JOB: 36009

n engl j med 360;9

ISSUE: 02-26- 09

nejm.org

february 26, 2009

Downloaded from www.nejm.org at GALTER HEALTH SCIENCES LIBRARY on May 26, 2009 .
Copyright © 2009 Massachusetts Medical Society. All rights reserved.

905

The

Group

Method

n e w e ng l a n d j o u r na l

Cryopreservation

of

m e dic i n e

Treatment

Recipient

Concerns
Delay in
cancer
treatment

Hormone
stimulation
Hormone
cycle

Zygote
or embryo

Embryo
transfer

Patient or
gestational
surrogate

2–3 weeks

Women

Hormone
stimulation
Hormone
cycle

Postpubertal
girls

2–3 weeks

Women
Prepubertal
girls

Laparoscopic
oophorectomy

Availability
of appropriate
sperm donor

Mature
oocyte

Cumulus–oocyte
complexes

Postpubertal
girls
Ovarian
cortical strips

Hormone
injections

Ovarian
transplantation

In vitro follicle
maturation and
in vitro fertilization
or ICSI with
embryo transfer

Patient

Patient or
gestational
surrogate

Potential
reintroduction
of cancer cells

Experimental

Ejaculation
Mature sperm
extraction

Men

Postpubertal
boys

Testis
biopsy

Sperm

Testis

ICSI with
embryo transfer

Partner

Stem-cell
repopulation

Patient

Experimental

Figure 3. Options for Fertility Preservation in Patients with Cancer.
Fertility-preserving options for young women with cancer include hormonal stimulation with cryopreservation of oocytes or embryos
and laparoscopic oophorectomy with tissue storage and later use in transplantation or in vitro follicle maturation. At the time of tissue
harvest, mature follicles may exist and cumulus–oocyte complexes may be harvested and matured in vitro to provide another source of
mature eggs for storage. Depending on the patient’s uterine status, a gestational surrogate may be required. Tissue cryopreservation is
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tissue can be obtained at the time of diagnosis
without additional hormonal stimulation, thus
only minimally interfering with the patient’s treatment plan (Fig. 1B). Depending on the day of the
menstrual cycle, oocytes may be aspirated from
the ovary, matured in vitro, and then cryopreserved
for later use.31 In addition, individual follicles or
strips of ovarian cortical tissue can be cryopreserved directly for future use in either in vitro fol-
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licle maturation or tissue transplantation. Thus
far, five live births have been reported in women
with cancer who underwent autologous transplantation of cryopreserved ovarian tissue.32-35 In patients without cancer, orthotopic ovarian tissue
transplantation between monozygotic twins has
resulted in two live births.36
Transplantation of ovarian tissue is associated with a risk of reintroducing cancer cells from
the transplanted tissue and is thus considered a
last option for the preservation of fertility in patients with cancer. Patients with hematologic cancers such as leukemia are at increased risk for
this adverse event.37,38 Although the incidence of
occult ovarian cancer among younger women who
are carriers of BRCA1 and BRCA2 mutations appears to be low, the potential for the development
of cancer in ovarian tissue makes transplantation
a poor option in this patient population as well.39
Various clinical approaches and laboratory-based
techniques are being used to screen ovarian tissue for the presence of metastatic disease before
transplantation. These practices include preoperative imaging, histologic analysis with immunohistochemical staining, polymerase-chain-reaction
(PCR) amplification, and real-time PCR.40,41 More
refined screening techniques that are under development provide support for the option of banking
ovarian tissue at the time of cancer diagnosis,
with subsequent evaluation of the tissue before
transplantation.41,42
The potential for reexposure to cancer cells will
ultimately be minimized if tissue transplantation
can be avoided in favor of oocyte maturation
through in vitro follicle maturation. In this procedure, immature follicles are recovered from cryopreserved tissue and grown in vitro. The oocyte is
then matured in vitro and used for in vitro fertilization. Although it is still in an experimental
stage, in vitro follicle maturation may provide an
important new option for young patients with cancer who are not candidates for ovarian stimulation
or who are not prepared to make a decision regarding the creation of an embryo (e.g., because
they do not yet have a partner or donor of choice).
Thus far, this technique has been successful in
animal models, and experiments involving human
tissue are progressing.43,44 Natural-cycle in vitro
fertilization, in which follicles are aspirated without exposure to exogenous hormone stimulation,
is also an emerging option. However, the success
rate associated with this technique is low, and a
n engl j med 360;9

delay in treatment may be required, depending on
the cycle stage.45,46
Finally, in some patients, fertility preservation
is not an option because of either treatment-related or theoretical concerns. An option for women
who become infertile because of cancer treatment
is the use of donor oocytes to have a child either
through a pregnancy or gestational surrogacy.
Thus, the potential availability of donor oocytes
should also be part of the panel of options discussed with patients who are facing gonadotoxic
treatments for cancer. Before a patient who has
had cancer attempts to become pregnant by means
of any fertility-preservation option, a clinical evaluation should be undertaken to ensure that the patient is disease-free. Adoption is also a possibility,
although a history of cancer may preclude the patient’s eligibility for certain adoption programs.
Men with Cancer

Fertility challenges in men with cancer are less
complex than those in women because of the relative ease of sperm banking. However, several factors can negatively affect male fertility, including
disruptions of the hypothalamic–pituitary–gonadal
axis, damage to the germinal epithelium, and depression related to the diagnosis of cancer.47 Recent studies have concluded that the integrity of
sperm DNA is compromised before the initiation
of treatment in patients with Hodgkin’s lymphoma or testicular cancer.48,49 Testicular cancer is
particularly injurious to fertility, since the growth
factors produced by these cancers can be deleterious to spermatogenesis. Furthermore, treatment
of testicular cancer often necessitates removal of
the affected testis, significantly decreasing the
production of sperm. Surgery is also a primary
treatment for prostate cancer and can lead to erectile dysfunction. Radiation therapy, which is used
to treat several malignant conditions, is toxic to
developing sperm, even at low doses (Table 1).50-53
Therapy for prostate, rectal, and testicular cancers
can require high-dose pelvic irradiation, which may
permanently damage testicular function and also
contribute to erectile dysfunction.53 Treatment of
hematologic cancers also often includes radiation
therapy that may negatively affect male fertility.
Most cytotoxic forms of chemotherapy are not tumor-specific and target rapidly dividing cell types
indiscriminately. Consequently, spermatogenesis
is extremely vulnerable to the damaging effects of
systemic therapies, and oligospermia or azoo-

nejm.org

february 26, 2009

Downloaded from www.nejm.org at GALTER HEALTH SCIENCES LIBRARY on May 26, 2009 .
Copyright © 2009 Massachusetts Medical Society. All rights reserved.

907

The

n e w e ng l a n d j o u r na l

Table 1. Recovery of Spermatogenesis after Graded
Doses of Ionizing Radiation to the Human Testes.*
Radiation Dose

Time to Recovery

<1 Gy

9–18 mo

2–3 Gy

30 mo

≥4 Gy

>5 yr

* Data are from Rowley et al.50 Limited data are available
on other dose ranges (e.g., 1 to 2 Gy and 3 to 4 Gy). Re
covery is defined as a return to the sperm concentration
before irradiation.

spermia often results.9,54-56 Referral to a urologist
can be helpful in assessing reproductive function
and the effect of treatment.
The best option for the preservation of male
fertility is cryopreservation of sperm before treatment (Fig. 3). Cryopreservation of human sperm
has been reported for up to 28 years; this is possible with no apparent loss of capacity for fertilization.57 In the small number of patients presenting with azoospermia, a newer technique called
onco-tese, which involves a testicular biopsy and
isolation of sperm, shows promise.58 Damage to
sperm DNA for up to 2 years after completion of
therapy has been reported in patients undergoing
radiation therapy and chemotherapy for testicular
cancer and systemic therapy for Hodgkin’s lymphoma.49,59 These findings underscore the importance of pretreatment counseling regarding contraceptive use and cryopreservation of sperm before
the initiation of therapy.60 An algorithm of fertility preservation and treatment in men with cancer has been outlined by Brannigan.47,61
Children with Cancer

As the survival rate among children with cancer
has improved over the past several years, the quality of life after cancer is coming to the forefront
in this patient population. Childhood cancers include hematologic malignant conditions, sarcomas, central nervous system lesions, renal cancer,
and bone cancer.62 In the United States, new cases
of cancers were diagnosed in approximately 10,700
children in 2008.63 Of these patients, nearly 80%
were expected to survive.63 The issue of fertility
preservation in children is complicated by the complexity of obtaining informed assent from minors
and the possibility that parental decisions may not
ultimately reflect the patient’s wishes when he or
she becomes an adult.64
908
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Treatment regimens for childhood cancers are
extremely toxic and pose a threat to the fertility of
young patients. In addition to endocrine dysfunction associated with infertility, long-term survivors
of childhood cancer face various treatment-related
health risks, including neurocognitive dysfunction,
cardiopulmonary and musculoskeletal compromise, and renal insufficiency. These patients also
have an increased risk of secondary malignant
conditions.65 Efforts to tailor standard therapeutic regimens to the specific disease should help
mitigate these risks.
The majority of childhood cancers are managed
with a combination of chemotherapy and radiation therapy. Treatment with chemotherapy and
radiation may also be necessary in children born
with inherited syndromes involving bone marrow
failure that frequently progress to aplastic anemia, the myelodysplastic syndrome, or leukemia,
thereby necessitating bone marrow transplantation.66 These treatments can alter the function of
the hypothalamic–pituitary–gonadal axis, as well
as cause direct damage to the ovaries by affecting
folliculogenesis or inducing premature ovarian
failure.67,68 The testes are particularly vulnerable
because germinal epithelium can be severely damaged, permanently affecting spermatogenesis. The
direct toxic effects of chemotherapy and radiation
exposure on the gonads is generally dose-dependent.69,70 Treatment for leukemia, the most common childhood cancer, involves chemotherapy and
often bone marrow transplantation. Anthracyclines used to treat this disease affect both DNA
and RNA synthesis, induce DNA-damaging oxygen free radicals, and inhibit topoisomerase II.71
The long-term adverse effects of this form of chemotherapy on the gonads have not been well quantified.
Options for fertility preservation in the pediatric population largely overlap those that are
available for adults (Fig. 3). Children undergoing
chemotherapy can receive GnRH agonists, but this
treatment has little protective effect.72 Cryopreservation of sperm before the initiation of therapy
is the best method of preserving fertility in postpubertal boys. If the young patient is unable to
provide a semen sample, electroejaculation or surgical sperm extraction can be performed.73 There
are no established options for the preservation of
fertility in prepubertal boys, although investigational techniques such as cryopreservation of spermatogonial stem cells are being pursued.62
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Adolescent girls have not been considered to
be candidates for assisted reproductive technology, largely because of psychosocial issues surrounding a delay in treatment and acquisition of
donor sperm. Oophoropexy to move the ovaries
away from the direct toxic effects of a radiation
target can be performed in girls.74 Gonadal tissue can be cryopreserved in the hope that fertilitypreserving methods currently under investigation,
such as in vitro follicle maturation, will “catch up”
with patients over time and provide salient options
later in life. Although children with cancer and
their families have not typically been offered options for fertility preservation, such options are
now available for this patient population. As fertility-sparing therapies and fertility-preserving
techniques continue to evolve, survivors of childhood cancer will have a wider range of choices
about fertility and will be less likely to have endocrine imbalances.

M a k ing Fer t il i t y Pr e servat ion
a R e a l i t y for Pat ien t s
An important first step in identifying and communicating options for the preservation of fertility in patients with cancer is the creation of a multidisciplinary board that meets on a regular basis
to review cases. Recommendations from this board
provide the basis for clear communication between
clinicians and patients in order to establish appropriate expectations on the part of patients regarding their options and potential outcomes. The
board membership should represent the fields of
medical, surgical, and radiation oncology, reproductive endocrinology, urology, obstetrics and
gynecology, genetics, psychology, bioethics, and
health law, as well as basic reproductive medicine,
with the members working together to ensure a
thorough assessment of the risk of infertility and
options for the preservation of fertility in conjunction with the plan for cancer treatment. Information considered by this team would include the
patient’s reproductive capacity, genetic factors associated with the cancer diagnosis that could affect the assessment (e.g., in patients with BRCA1
and BRCA2 mutations, oophorectomy is often recommended), and timing of treatments that conforms to both the patient’s priorities and medical
necessity. A psychologist should be available to
help negotiate complex decision making involving patients, their partners or parents, and physin engl j med 360;9

cians. Research programs can be discussed to provide clinicians with the latest information from
global efforts to improve in vitro follicle maturation, oocyte cryopreservation, and tissue transplantation.
Sophisticated database management is also a
necessary part of this effort in order to ensure
long-term follow-up of patients and their banked
tissue. The Oncofertility Consortium, a multidisciplinary fertility-preservation program for patients
with cancer, was recently established with support
from the Roadmap for Medical Research program
of the National Institutes of Health. Through this
consortium, a centralized registry was created to
correct deficits in data sharing and reporting in
order to expedite the evolution of this field while
improving patient care.

C onclusions
The increasing number of young survivors of cancer with favorable outcomes is defining the need
for a more comprehensive approach that will improve the quality of life after cancer, including the
preservation of fertility. This new paradigm of
treatment raises several complex questions. If a risk
factor for infertility can be assessed, what does
the patient or parent of a young child do with this
information? What if an insurance carrier declines
to cover fertility treatment, exacerbating economic
disparities in patient care and society as a whole?
How can the ethical and legal issues surrounding
consent and assent be addressed? Ten years ago,
many of these issues were irrelevant, given the
status of research in the field of follicle biology at
that time. Now these questions are being addressed
with the use of an interdisciplinary approach to
medical progress and patient care. The opportunity to provide accurate information as well as
generational hope is invaluable. Clinicians must
break through old practice patterns and understand that young patients will no longer be concerned only with preserving their lives in the present but will want to preserve the fullness of their
future as well.
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