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Introduction

In the United States, more than 60,000 girls and
adolescent and young adult women younger than
age 39 are diagnosed with cancer each year.1 Because
long-term survival is high, 82% at 5 years, there are
nearly 600,000 female cancer survivors who are
currently of reproductive age younger than age 40.1,2
These individuals undergo a range of therapies for
cancer cure, and might be at risk of treatment-related
infertility and other reproductive health late effects.
Future fertility is important to young female survivors,
and infertility is preventable. Hence, major professional
organizations including the American Society of Clinical
Oncology (ASCO), American Society of Reproductive
Medicine, American Academy of Pediatrics and the
National Comprehensive Cancer Network recommend that
healthcare providers discuss the possibility of infertility
with patients who will undergo cancer treatment before or
during their reproductive years.3-6 Clinical guidelines also
advise addressing fertility for cancer survivors who have
completed treatment, as fertility concerns span the cancer
continuum, from diagnosis through survivorship.6
Yet, there remains a significant care gap in high-quality
fertility care for young cancer survivors. At cancer
diagnosis, the national average for fertility care is 40-50%,
with a low of 6%.7 It is critical to improve knowledge and
awareness of fertility preservation among clinical providers
for children and young adults with cancer. What that in
mind, this article discusses cancer treatment in females,
known and unknown risks to fertility, strategies for fertility
preservation, and common barriers to implementation of
fertility care.

Fertility risks of cancer treatments

Chemotherapy, radiation, surgery and targeted therapy
pose differential threats to fertility by disrupting the
hypothalamic-pituitary-ovarian (HPO) axis, incurring
toxicity to oocytes and supporting cells and impairing
uterine function (Figure). Ovarian follicle development and
generation of a mature oocyte requires an intact HPO axis.
Surgery and radiation to the brain can disrupt this axis.
Cumulative cranial radiation doses greater than 30 Gray
(Gy) results in follicle-stimulating hormone/luteinizing
hormone (FSH/LH) deficiency. This is also known as
hypogonadotropic hypogonadism, and it manifests
clinically as both amenorrhea and infertility.8,9

Figure: Cancer therapies incur female fertility risks
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Fortunately, it is possible to overcome infertility with
exogenous gonadotropins. This is because ovarian reserve,
or the finite pool of oocytes in a female, is not disturbed
by cranial radiation or surgery. Hysterectomy or bilateral
oophorectomy will limit reproductive options of young
survivors. However, unilateral oophorectomy has only
a modest effect on timing of menopause, so is likely of
limited reproductive risk.10 With an intact ovary, a young
woman may undergo gestational surrogacy with her
autologous oocytes.
Uterine radiation, ovarian radiation and alkylating
chemotherapy are known risk factors for infertility,
as these treatments decrease or eliminate the pool
of remaining oocytes in an individual. The risks are
dependent on cumulative dose and age at treatment.
The younger the female, the larger the ovarian reserve.
This means gonadotoxic cancer treatment would pose
less of a risk of infertility in a younger woman compared
with an older woman. For example, a dose of 20 Gy or
greater is estimated to cause ovarian insufficiency in
infants. However, threshold doses that result in ovarian
insufficiency for older girls and young women are
progressively lower.11
The main known risk factors for gonadotoxicity are
pelvic radiation and alkylating chemotherapy, a
class of chemotherapy that includes drugs such as
cyclophosphamide and procarbazine. The general risk of
infertility in the United States is around 1 in 10 couples.
More than 5 Gy radiation to the uterus increases that risk
more than twofold.12 For alkylating chemotherapy, there is
a formula to combine cumulative doses of different drugs
in this class into a cyclophosphamide equivalent dose
(CED). In general, the higher the alkylating dose, the higher

the risk of infertility. For example, the highest
tertile in alkylating chemotherapy exposure in the
Childhood Cancer Survivor Study resulted in a 1.5fold (95% CI 1.1-2.0) increased risk of infertility in girls,
compared with no alkylating chemotherapy exposure.12
To date, there is no well-validated threshold for risk of
infertility based on the CED.13-15
There is a great deal of clinically relevant information on
infertility risk that would help patients. However, most
of it remains unknown because of a lack of high-quality
translational and clinical research on reproductive risks.
Beyond alkylating chemotherapy and radiation, little is
known about whether additional chemotherapy given
concurrently or in sequence might negatively affect
ovarian reserve.
As novel targeted cancer therapies continue to emerge in
the era of precision medicine, human data on associated
reproductive risks are extremely limited. Preclinical
laboratory data show expression of targets in reproductive
organs, and animal data show abnormal ovarian follicular
development, decreased ovarian and uterine weights and
nearly uniform teratogenicity.16-20 As these new drugs move
to phase III trials, if not sooner, it is important to advocate
for appropriate studies to quantify their reproductive risks.

Fertility preservation strategies

Current standard of care methods for fertility preservation
include controlled ovarian stimulation (COS) with embryo
or oocyte banking and ovarian tissue freezing. Additionally,
ovarian transposition out of the radiation field and gonadal
shielding help minimize radiation exposure to ovaries.3
Recent ASCO clinical guidelines for fertility preservation
delineate gonadotropin-releasing hormone (GnRH) agonist
use for ovarian suppression during chemotherapy as a
potential fertility preservation method to offer young
women with breast cancer, if more proven methods such
as oocyte or embryo cryopreservation are not feasible.3 In
vitro maturation of oocytes or ovarian follicles are currently
considered experimental.
COS uses injectable gonadotropins (FSH and LH) to support
growth of multiple ovarian follicles over approximately
two weeks, culminating in oocyte retrieval that is most
commonly transvaginal. The premise of COS is that females
develop multiple ovarian follicles to the antral stage in
waves. In each natural menstrual cycle, the lead of these
antral follicle responds to a finite amount of FSH from
the pituitary to mature and ovulate, and the remaining
antral follicles undergo atresia. In COS, supraphysiologic
levels of FSH and LH are administered to “rescue” some
of the antral follicles otherwise destined for atresia. Once
retrieved, mature oocytes may be frozen or fertilized and
cultured to embryos prior to freezing.
After thaw, frozen oocytes exhibit lower survival than frozen
embryos, although an embryo derived from a frozen oocyte
appears to have similar fertility potential to an embryo
derived from a fresh oocyte.21 For example, if fertilization
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of mature oocytes is at least 67%, and development of
blastocysts is 50% of fertilized oocytes, then 10 oocytes
undergoing fertilization will yield three to four blastocyst
embryos to freeze. In vitrification (flash-freezing) protocols,
more than 95% of blastocysts survive the thaw, yielding a
final three to four blastocysts to transfer.
In comparison, if the thaw rate of frozen oocytes is 80 to
90%,21,22 then the same 10 oocytes that are initially frozen
would yield eight thawed oocytes, and subsequently two to
three blastocysts, given the same attrition with fertilization
and embryo culture. The live birth rate of each transferred
blastocyst is dependent on oocyte age. Importantly, the
survival, implantation and live birth rates of oocytes,
embryos and embryo transfers vary considerably by clinic.
Fortunately, most assisted reproductive technology centers
in the United States report their center-specific outcomes
through the Centers for Disease Control and Prevention
and the Society for Assisted Reproductive Technology.
Multiple advances in COS for fertility preservation in
cancer patients have improved safety and minimized
delay to start of cancer treatment. First, the ability to
begin COS on any day of a menstrual cycle decreases
the time to start cancer treatment.23-26 Compared with
follicular phase starts for COS, luteal phase starts appear
to take one to two days longer for COS but result in similar
oocyte and embryo numbers while minimizing delays
to start of cancer treatment. Second, some studies have
reported consecutive COS cycles during which a second
cycle is begun within a few days following the first oocyte
retrieval. This approach results in two stimulations within
one menstrual cycle to increase the number of oocytes
retrieved within the same menstrual cycle.27-29 Third,
aromatase-inhibitor- or tamoxifen-based COS protocols
are commonly used to reduce estradiol exposure in
cancer patients with estrogen-sensitive tumors with
early evidence of safety.30-32 There is little data on risk of
recurrence following tamoxifen plus gonadotropin COS
in breast cancer patients, but a randomized controlled
trial is under way (NTR4108). Fourth, use of GnRH
agonists to induce ovulation greatly reduces the risk
of ovarian hyperstimulation syndrome, rendering COS
safer.33 Fifth, case reports suggest it is possible to retrieve
mature oocytes through COS in premenarchal girls who
have initiated puberty.34 Of note, there are also mixed
reports regarding whether COS immediately following a
termination of pregnancy can result in retrieval of
mature oocytes.35,36
Though limited in sample size (28 to 131 women), reports
on use of frozen oocytes and embryos found between
19 and 43% of women who froze gametes or embryos
returned to use them, and ongoing pregnancy or live
birth ranges from 25 to 50% per patient.37-41 It is not clear
why more survivors have not returned, though possible
reasons might include no loss of fertility, cancer-related
considerations such as relapse, lack of prolonged followup or psychosocial concerns such as worries about health
during pregnancy or financial burdens after cancer.12,42

Ovarian tissue freezing involves partial or complete
removal of an ovary and cryopreservation of the
ovarian cortex. Currently, the utility of this method is
for retransplantation. Some women might conceive
spontaneously after retransplantation, but around 40%
still require further assisted reproductive technology.43 The
most frequent application of this method is in prepubertal
children, women whose treatment timelines do not allow
for COS and women with concerns about elevated estradiol
levels during COS. To date, there are more than 86 births
from retransplantation of frozen ovarian tissue, one from
a postpubertal but premenarchal girl.44-47 There are no
reported pregnancies or live births from transplantation
of ovarian tissue frozen during prepubertal years. Most
transplants are orthotopic, with ovarian tissue sewn
back into the ovarian fossa. However, there is a reported
ongoing pregnancy from heterotopic transplantation into
the abdominal wall.46 Safety considerations include the
risk of cancer cells in ovarian tissue in cases of leukemia or
ovarian cancer. Some work now focuses on using histology
or molecular markers to decrease the risk of reintroducing
cancer cells.48

Conclusion

Sound strategies for fertility preservation in cancer
are available but underutilized. Effective technology
is only part of the equation. It is also necessary for
oncology practice to include equitable and systematic
implementation of fertility care to anticipate and improve
the reproductive future of young cancer patients.
For more information, visit Walgreens.com/hcp

In vitro maturation (IVM) is the retrieval of oocytes with
minimal to no reliance on COS. For women with cancer,
the process requires little or no ovarian stimulation, takes
less time to oocyte retrieval and facilitates an earlier
start of cancer therapy. Once retrieved, oocytes undergo
maturation in vitro. Mature oocytes may similarly undergo
freezing or fertilization followed by embryo freezing.
Compared with standard COS, IVM yields fewer oocytes
and embryos, and implantation rates are exceedingly
low.49,50 Hence, IVM remains an experimental fertility
preservation method.

Identifying and overcoming barriers

Understanding fertility risk is important to young survivors,
as treatment-related infertility is preventable. However,
the evidence-based practice of fertility care prior to cancer
treatment still has limited uptake. Since 2017, 10 U.S.
states have passed mandates for insurance coverage of
fertility preservation for iatrogenic infertility risk. However,
single-care settings continue to report barriers to fertility
preservation that leave a gap in care. Examples include
inadequate recognition of reproductive health needs
by both patients and providers,51,52 confusion regarding
whether oncology providers or fertility providers are the
main source of fertility counseling,53-56 absence of referral
pathways between oncology and reproductive services,57-59
lack of access to fertility care programs,60 and financial
barriers. These multilevel barriers pose opportunities for
multicomponent strategies that implement fertility care
more systematically across care settings.
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