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A B S T R A C T

Purpose
To develop guidance to practicing oncologists about available fertility preservation methods and

related issues in people treated for cancer.

Methods
An expert panel and a writing committee were formed. The questions to be addressed by the

guideline were determined, and a systematic review of the literature from 1987 to 2005 was
performed, and included a search of online databases and consultation with content experts.

Results

The literature review found many cohort studies, case series, and case reports, but relatively few
randomized or definitive trials examining the success and impact of fertility preservation methods
in people with cancer. Fertility preservation methods are used infrequently in people with cancer.
Recommendations

As part of education and informed consent before cancer therapy, oncologists should address the
possibility of infertility with patients treated during their reproductive years and be prepared to discuss
possible fertility preservation options or refer appropriate and interested patients to reproductive
specialists. Clinician judgment should be employed in the timing of raising this issue, but discussion at
the earliest possible opportunity is encouraged. Sperm and embryo cryopreservation are considered
standard practice and are widely available; other available fertility preservation methods should be
considered investigational and be performed in centers with the necessary expertise.

Conclusion

Fertility preservation is often possible in people undergoing treatment for cancer. To preserve the
full range of options, fertility preservation approaches should be considered as early as possible
during treatment planning.
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The purpose of this guideline is to review the
literature pertaining to fertility preservation options
for men, women, and children undergoing cancer
treatment, and to give guidance to oncologists about
these issues. The focus is restricted to interventions
aimed at fertility preservation; the guidelines do not
address methods of fertility restoration after com-
pletion of cancer treatment nor the risks of assisted
reproductive techniques, except those unique to
cancer patients. The risks of pregnancy to parents
and offspring after cancer treatment are reviewed
only insofar as they might affect a person’s desire to
pursue fertility preservation methods before or dur-
ing active cancer treatment.

The diagnosis and treatment of cancer often poses a
threat to fertility. Methods of fertility preservation
are evolving quickly, yet little has been published in
the medical oncology literature regarding this topic.
Studies suggest that the ability to have biological chil-
dren is of great importance to many people. Any
oncologist seeing reproductive-aged patients for
consideration of cancer therapy should be address-
ing potential treatment-related infertility with them
or, in the case of children, with their parents. Yet, stud-
ies suggest that many oncologists either do not discuss
the possibility of treatment-related infertility or do so

suboptimally. Teaching in many fellowship programs
covers sperm banking and techniques such as oopho-
ropexy,* while little information is provided concern-
ing other methods of fertility preservation.

Estimating the Risk of Infertility After
Treatment for Cancer

Infertility is functionally defined as the inabil-
ity to conceive after 1 year of intercourse without
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contraception. Rates of permanent infertility and compromised fertil-
ity after cancer treatment vary and depend on many factors. The
effects of chemotherapy and radiation therapy depend on the drug or
size/location of the radiation field, dose, dose-intensity, method of
administration (oral versus intravenous), disease, age, sex, and pre-
treatment fertility of the patient. Male infertility can result from the
disease itself (best documented in patients with testicular cancer and
Hodgkin’s lymphoma), anatomic problems (eg, retrograde ejacula-
tion or anejaculation), primary or secondary hormonal insufficiency,
or more frequently, from damage or depletion of the germinal stem
cells. The measurable effects of chemotherapy or radiotherapy include
compromised sperm number, motility, morphology, and DNA integ-
rity. In females, fertility can be compromised by any treatment that
decreases the number of primordial follicles, affects hormonal bal-
ance, or interferes with the functioning of the ovaries, fallopian tubes,
uterus, or cervix. Anatomic or vascular changes to the uterus, cervix,
or vagina from surgery or radiation may also prevent natural concep-
tion and successful pregnancy, requiring assisted reproductive tech-
nology or use of a gestational carrier.

Male and female fertility may be transiently or permanently
affected by cancer treatment or only become manifest later in
women through premature ovarian failure. The panel wishes to

emphasize that female fertility may be compromised despite main-
tenance or resumption of cyclic menses. Regular menstruation
does not guarantee normal fertility as any decrease in ovulatory
reserve may result in a lower chance of subsequent conception and
higher risk of early menopause. Even if women are initially fertile
after cancer treatment, the duration of their fertility may be short-
ened by premature menopause.

An estimated 1,372,910 people were diagnosed with cancer in
2005, of whom 4% (approximately 55,000) are under the age of
35.2 The most common cancers diagnosed in people under the age
of 40 years are breast cancer, melanoma, cervical cancer, non-
Hodgkin’s lymphoma, and leukemia.® The Panel recognizes that a
table of all common cancer treatments with their associated risks
of infertility is desirable. However, available data are poor and
heterogeneous, so summarization was felt to be beyond the scope
of this guideline. However, Tables 13* and 2, and several additional
references**? illustrate the range of risks associated with several
cancer therapies. The Panel noted that most of the available litera-
ture quantifying infertility risks reports rates of azoospermia and
amenorrhea, though these are surrogate measures of infertility.
In men and women, the greatest risks associated with chemother-
apy involve the alkylating agents (particularly cyclophosphamide,

Table 1. Effects of Different Antitumor Agents on Sperm Production in Men

168

Agents (Cumulative Dose for Effect)

Effect

Radiation (2.5 Gy to testis)
Chlorambucil (1.4 g/m?)
Cyclophosphamide (19 g/m?)
Procarbazine (4 g/m?)
Melphalan (140 mg/m?)
Cisplatin (500 mg/m?)

BCNU (1 g/m?)

CCNU (500 mg/m?)
Busulfan (600 mg/kg)
Ifosfamide (42 g/m?)

BCNU (300 mg/m?)

Nitrogen mustard
Actinomycin D

Carboplatin (2 g/m?)
Doxorubicin (Adriamycin) (770 mg/m?)

Thiotepa (400 mg/m?)
Cytosine arabinoside (1 g/m?)
Vinblastine (50 g/m?)
Vincristine (8 g/m?)

Amsacrine, bleomycin, dacarbazine, daunorubicin, epirubicin,
etoposide, fludarabine, 5-fluorouracil, 6-mercaptopurine,
methotrexate, mitoxantrone, thioguanine

Prednisone

Interferon-a

Examples of new agents:

Oxaliplatin

Irinotecan

Monoclonal antibodies (trastuzumab, bevacizumab, cetuximab)
Tyrosine kinase inhibitors (erlotinib, imatinib)

Taxanes

Prolonged azoospermia

Azoospermia in adulthood after treatment before puberty

Azoospermia likely, but always given with other highly sterilizing agents

Prolonged azoospermia not often observed at indicated dose

Can be additive with above agents in causing prolonged azoospermia,
but cause only temporary reductions in sperm count when not
combined with above agents

Only temporary reductions in sperm count at doses used in
conventional regioments, but additive effects are possible

Unlikely to affect sperm production
No effects on sperm production
Unknown effects on sperm production

Philadelphia, Pa, Lippincott Williams & Wilkins, 2005.
Abbreviations: BCNU, carmustine; CCNU, lomustine.

NOTE. Reprinted and modified Table 54.6-3 with permission from DeVita, VT, Jr, Hellman S, and Rosenberg, SA. Cancer: Principles & Practice of Oncology (ed 7).
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Table 2. Risks of Permanent Amenorrhea in Women Treated With Modern
Chemotherapy and Radiotherapy

Degree of Risk Cancer Treatment

High risk (

80%) Hematopoietic stem cell transplantation with
cyclophosphamide/total body irradiation or
cyclophosphamide/busulfan

External beam radiation to a field that includes
the ovaries

CMF, CEF, CAF 6 cycles in women age 40
and older (adjuvant breast cancer therapy
with combinations of cyclophosphamide,
methotrexate, fluorouracil, doxorubicin,
epirubicin)

CMF, CEF, CAF 6 cycles in women age 30-
39 (adjuvant breast cancer therapy with
combinations of cyclophosphamide,
methotrexate, fluorouracil, doxorubicin,
epirubicin)

AC 4 in women age 40 and older (adjuvant
breast cancer therapy with
doxorubicin/cyclophosphamide)

ABVD
(doxorubicin/bleomycin/vinblastin/dacarbazine)

CHOP  4-6 cycles
(cyclophosphamide/doxorubicin/vincristine/
prednisone)

CVP (cyclophosphamide/vincristine/prednisone)

AML therapy (anthracycline/cytarabine)

ALL therapy (multi-agent)

CMF, CEF, CAF 6 cycles in women less
than 30 (adjuvant breast cancer therapy with
combinations of cyclophosphamide,
methotrexate, fluorouracil, doxorubicin,
epirubicin)

AC 4 in women less than 40 (adjuvant
breast cancer therapy with
doxorubicin/cyclophosphamide)

Vincristine

Methotrexate

5-fluorouracil

Intermediate risk

Lower risk ( 20%)

Very low or no risk

Taxanes
Oxaliplatin
Irinotecan

Monoclonal antibodies (trastuzumab,
bevacizumab, cetuximab)

Tyrosine kinase inhibitors (erlotinib, imatinib)

Unknown risk (examples)

*These are general guidelines based on best available literature. Additional
factors, particularly pre-treatment ovarian reserve,specific treatment regimen,
and age determine individual risk for immediate infertility, or for premature
ovarian failure after resumption of menses. Please see text for details.

ifosfamide, nitrosoureas, chlorambucil, melphalan, busulfan,
and procarbazine). Total-body irradiation as used in myeloab-
lative stem-cell transplantation is highly associated with infer-
tility, while lesser doses or limited radiation fields have less
gonadal toxicity.*>* Several agents are associated with a low or
no risk of infertility: methotrexate, fluorouracil, vincristine,
bleomycin, and dactinomycin. There are little human data
available for the newer agents such as taxanes. Given the paucity
of data regarding rates of male and female infertility following
most current cancer treatments and the large number of pa-
tient factors that influence fertility, oncologists may have diffi-
culty providing precise guidance to patients about their risks
for infertility.
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Questions The committee addressed the following clini-
cal questions:

1. Are cancer patients interested in interventions to preserve
fertility?

2. What is the quality of evidence supporting current and forth-
coming options for preservation of fertility in males?

3. What is the quality of evidence supporting current and forth-
coming options for preservation of fertility in females?

4. What is the role of the oncologist in advising patients about
fertility preservation options?

Practice Guidelines Practice guidelines are systematically devel-
oped statements to assist practitioners and patients in making deci-
sions about appropriate health care for specific clinical circumstances.
Attributes of good guidelines include validity, reliability, reproducibil-
ity, clinical applicability, clinical flexibility, clarity, multidisciplinary
process, review of evidence, and documentation. Guidelines may be
useful in producing better care and decreasing cost. Specifically, utili-
zation of clinical guidelines may provide the following:

1. Improvement in outcomes

2. Improvement in medical practice

3. Means for minimizing inappropriate practice variation

4. Decision support tools for practitioners

5. Points of reference for medical orientation and education

6. Criteria for self-evaluation

7. Indicators and criteria for external quality review

8. Assistance with reimbursement and coverage decisions

9. Criteria for use in credentialing decisions

10. Identification of areas where further research is needed

In formulating recommendations for fertility preservation op-
tions, ASCO considered these tenets of guideline development, em-
phasizing review of data from appropriately conducted and analyzed
clinical trials. However, it is important to note that guidelines cannot
always account for individual variation among patients. Guidelines
are not intended to supplant physician judgment with respect to
particular patients or special clinical situations and cannot be consid-
ered inclusive of all proper methods of care or exclusive of other
treatments reasonably directed at obtaining the same result. (Accord-
ingly, ASCO considers adherence to these guidelines to be voluntary,
with the ultimate determination regarding their application to be
made by the physician in light of each patient’s individual circum-
stances. In addition, these guidelines describe the use of procedures
and therapies in clinical practice; they cannot be assumed to apply to
the use of these interventions performed in the context of clinical
trials, given that clinical studies are designed to evaluate or validate
innovative approaches in a disease for which improved staging and
treatment is needed. In that guideline development involves a review
and synthesis of the latest literature, a practice guideline also serves to
identify important questions and settings for further research.)

Panel Composition

The ASCO Health Services Committee (HSC) convened an
Expert Panel consisting of experts in clinical medicine and research
relevant to fertility preservation in cancer patients, including adult
and pediatric oncology, obstetrics-gynecology, andrology, repro-
ductive endocrinology and infertility, health services research,
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