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Fertility Preservation for Patients With Cancer:
American Society of Clinical Oncology Clinical Practice
Guideline Update

Alisorn WL Loren, Pamela B. Mangu, Lindsay Nohr Beck, Lawrence Brennan, Anthony I Magdalinski,
Ann H. Pareridge, Gwendolyn Quinn, W, Hawmish Wallace, and Kutluk Okray
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Parpose
To update guidance for haalth care providers about fertility preservation for adults and children
with cancer.

Methods

& systematic review of the literature published from March 20068 through January 20132 was
complatad using PMEDLIME and the Cochrane Collaboration Library. An Update Panel reviewed the
evidence and updatad the recommandation language.

Results

There weare 222 new publications that met inclusion criteria. & majority weare observational studies,
cohort studies, and case series or reports, with few randomized clinical trials. After review of the new
evidencs, the Update Panel concluded that no major, substantive revisions to the 2006 Amarican
Society of Clinical Oncology recommendations were warranted, but clarnfications were added.

Recommendations

As part of education and inforrmed consent baefore cancer tharapy, health care providers (including
madical oncologists, radiation oncologists, gynecologic oncologists, urologists, hematologists,
padiatric oncologists, and surgeons) should address the possibility of infertility with patients
treatad during their reproductive yaars (or with parents or guardians of children) and be prepared
to discuss fertility preservation options andfor to refaer all potential patients 1o appropriate
reproductive specialists, Although patients may be focused initially on their cancer diagnosis, the
Update Pansl encourages providers 1o advise patients regarding potential threats to fertility as
early as possible in the treatment process so as 1o allow for the widest array of options for fTertility
praservation. The discussion should be docurmented. Sparm and embryo cryopresendation as well
as oooyle crvopraservation are considered standard practice and are widely awvailable. Cther
fertility praserdation methods should be considerad investigational and should be performed by
providers with the necessary expertisa.,

JChin Oneol 37, @ 2073 by Amarican Soclety of Clinikcal Oneoology
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Assessment of risk for infertility
Communication with patient

v

Patient at rizk for treatment-induced infertility
Patient interested in fertility-preservation options

v

Refer to specialist with expertise in fertility-preservation method

—

Eligible for proven fertility preservation method Investigational fertility
preservation technique”
Male Female * Cryopreservation of
* Sperm cryopreservation * Embryo cryopreservation ovarian or testicular tissue
* Conservative gynecologic surgery * Cryopreservation of oocytes
* Dophoropexy « Owarian suppression
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Epidemiology

e 1/250 adults is a survivor of a childhood cancer;

» 700.000 new cancers/year in women (USA);

» 43.300 new cancers in 2008 (Portugal);

» 8% under 40 years;

» 1/3 of young women exposed to chemotherapy develop ovarian
failure.
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Gonadotoxicity-

The nature and extent of gonadal damage depends on the:
e Drug;
* Dose received,
» Age of the patient.

The relative contribution of an individual drug is difficult to determine
because most treatments are multidrug regimens.
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Gonadotoxicity-

Doses as low as 0.1 Gy can cause oligospermia.
Reversible azoospermia with doses as low as 0.35 Gy.

The testes are rarely directly radiated, even exposure due to scatter
radiation can have reproductive conseguences.

Theoretical concern that cancer therapies have the potential to cause
mutagenesis in the testes and therefore may impact the health of offspring.

Evidence of increased genetic problems, stillbirth or neonatal death in men
treated with gonadal radiation as children was not found.
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Table | Assessement of risk of subfertilicy after
treatment for common cancers in childhood and
adolescence (from Wallace et al., 2005b).

Lower rishe =2 20%

High risk
>80%

Aoute lymphoblastic leukemia

Wilm's turmear
Soft-tissue sarcoma: stage |

Germ-cell tumors (with gonadal preservation and no
radiotherapy)

Retinoblastoma

Brain tumor: SUrgery only, cranial irradiation =24 Gy

Aoute myeloblastic leukemia

Hepatoblastoma
Orsteosarcoma

Ewing's sarcoma stage || or 1]
Meurcblastoma

Maon-Hodgkin lymphaoma
Hodgkin's disease: alternating treatment

Brain turmor: craniospinal radiotherapy, cranial
irradiation =24 Gy

Whale-body irradiation

Localized pelvic radiotherapy

Chemotherapy conditioning for bone-marrowe
transplantation

Hodgkin's disease: treatment with alkylating-drugs
Soft-tissue sarcoma: stage |V

Metastatic Ewing's sarcoma
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Table Il Non-malignant pathologies with risk of POF.

I Bone-marrow transplantation I

Sickle cell anamia

Thalassernia majar

Aplastic anemia

Autoimmune diseases unresponsive Lo immunosuppressive therapy
Autoimmune diseases requiring chemotherapy

Systernic lupus erythematosus

Rheumatoid arthritis

Behget's disease

Wegener's disease
Multiple sclerosis
Owarian pathologes

Recurrent ovarian cysts

Ohwvarian torsion

Endocrine or genetic diseases
Turner syndrome

Galactosermia

Farnily history of premature ovarian failure
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Male infertility can result from:

1. Disease

2. Anatomic problems

3. Primary or secondary hormonal insufficiency

4. Damage or depletion of the germinal stem cells

The effects of chemotherapy or radiotherapy include compromised
sperm number, motility, morphology, and DNA integrity

Azospermia typically surrogate for infertility
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Possibilities

Displacing the

ovaries from the Cryopreservation of ovarian tissue

radiation field

Ovarian

supression
with GnRHa

Autotransplantation (orthotopic or
heterotopic)

Embryo
cryopreservation

o

Transplantation to other hosts
(xenotransplantation)

-~

Re-implantation of the ovary
with its vascular pedicle

Implantation of isolated
primordial follicles
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_ | 1 collected through masturbation,
rectal electroejaculation, testicular aspiration or post-masturbation
urine

If patient sick or with certain cancers (e.g., testicular cancer and
Hodgkin)- sperm quality may be poor prior to treatment

Many patients have to start chemotherapy soon enough to limit the
number of ejaculates

allows
future use of small samples
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Hormonal Gonadoprotection (e.g. GhnRHa)

The efficacy of gonadoprotection through hormonal manipulations
has only been evaluated in very small studies in male cancer patients

Evidence suggests

Potential future options:

Testicular tissue cryopreservation or reimplantation
Testis grafting with maturation in SCID mice
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-Individual factors such as
should be considered

- Patients should consider their options as soon as possible to
maximize the likelihood of success

- Aside from hereditary genetic syndromes and in utero exposure to
CT, there is no evidence that a history of cancer, cancer therapy, or
fertility interventions increase the risk of cancer or congenital
abnormalities
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Adult males:

1. Present as the
only established fertility preservation method.

It Is not
successful in preserving fertility.

3. Inform patients that (testicular tissue
cryopreservation for the purpose of future reimplantation)

4. Advise men of a

Fertility preservation: A multidisciplinary approach.



Table 4. Summary of Fertility Preservation Options in Males

Imtervention

Definition

Comment

Considerations

Sperm cryopresendation (5) after
rnasturbation

Sperm cryopresendation (5)
after alternative methods of
sperm collection

Gonadal shielding during radiation
therapy (S)

Testicular tizsus
cryopresendation

Testis ®enografting

Spermatogonial isclation ()

Testicular suppression with
gonadotropin releasing
hormone (GnRH) analogs or
antagonists (1)

Freezing sperm obtained through
masturbation

Freezing sperm obtained through
testicular aspiration or
extraction, electrosjaculation
under sedation, or from a post-
rmasturbation urine sample

Lze of shiglding to reducs the

dose of radiation delvered to
the testicles

Freezing testicular tissue or germ
cells and reimplantation after
cancer treatment or maturation
in anirmals

Llse of hormonal therapies to
protect testicular tissus during
chemotherapy or radiation
therapy

The most established technique for
fertility preservation in men; large
cohort studies in men with cancer

Srall case series and case reports

Case series

Abbreviations: S, standard: |, investigational.

“Costs are estimates.,

Has not been tested in humans;
successful application in anirmal
models

Studies do not support the
effectiveness of this approach

* Qutpatient procedurs

# Approxmately $1,500 for three
samples stored for 3 years, storage

fee for additional years®
Testicular sperm extraction-outpatisnt
surgical procedure

# Only possible with selected radiation
fields and anatomy

# Expertise is required to ensure
shislding doss not increase dose
delivered to the reproductive organs

Owtpatient surgical procedurs
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1. Sperm cryopreservation is an established and successful
method of fertility preservation.

2. All adolescent and young adult males should be offered sperm
cryopreservation prior to the onset of treatment.

3. Boys who are unable to produce semen through masturbation
may undergo penile vibratory stimulation or rectal
electrostimulation under anesthesia.

4. Additionally, sperm may be collected via testicular or epididymal
aspiration.
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1. Cryopreservation and in vitro maturation or transplantation of
spermatogonial stem cells and testicular tissue has theoretical
potential.
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Oncofertility (JS Jeruss, Section Editor)

Opinion statement

Oncofertility as a discipline plays an important, adjunctive role in the treatment
of male patients with cancer. Despite recommendations by the American Society
of Clinical Oncology, many clinicians managing malignancies in males fail to con-
sistently incorporate fertility preservation as a routine aspect of health care. Pro-
viders involved in the treatment of oncologic patients should have an awareness
of the impact of their prescribed treatments on reproductive potential, just as
they would be knowledgeable of the potential deleterious effects of cancer ther-
apies on vital organs such as the kidneys, lungs, and liver. Providers should then
have a discussion with their patients regarding these potential adverse therapeus-
tic effects or consult a fertility preservation specialist to discuss these matters
and fertility preservation options with the patient. Cryopreservation of sperm
remains an excellent option for male fertility preservation as it is readily available
and results in storage of viable gametes for future use in the event of post treat-
ment infertility. With the use of assisted reproductive techniques (ART), cryopre-
served sperm may ultimately result in successful paternity, even in the setting of
very low numbers of stored sperm. While sperm cryopreservation is usually an op-
tion for adolescent and adult males, fertility preservation in pre-pubertal males
presents a more challenging problem. To date, no clinically proven methods are
available to preserve fertility in these males. However, some centers do offer ex-
perimental protocols under the oversight of an IRB, such as testicular tissue cryo-
preservation in these males. The hope is that one day science will provide a
jsm _for immature germ cells from the testicular tissue of these patients

0 _vi n_vitro to facilitate reproduction. In closing, studies have
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THERE IS A PAUCITY OF ADOLESCENT-
APPROPRIATE EDUCATIONAL MATERIAL
AND SPERM BANKING FACILITIES

Another barrier to fertility preservation in adolescents is
the paucity of appropriate educational material and fa-
cilities. In a recent multicenter Canadian study, patients
reported concerns regarding the restricred access to sperm
banking units and the lack of adolescent-appropriate
educational material.® Practitioners in a multicenter UK
study found that the educational brochures at several
institutions were difficult to read and understand; words
such as “spermatogenesis” and “cryopreservation” were
included in the pamphlets with no definitions.?® Efforts
to develop age-appropriate educational tools have begun,
although they have yet to be validated in a larger patient
populations.?!*? These tools or similar materials could be
incorporated into the fertility counseling sessions to help
educate families about fertility preservation and facilitate
the discussion between patients, families, and practitio-
ners

Commentary

Another identified problem was the lack of suitable

locations for adolescents to produce semen samples. A
Joung teenager may i} Gy TSVE i T

unfamiliar environment as it is, and even more so in the
setting of a traumatic diagnosis,’® especially when the
facilities are suboptimal or when a parent is nearby.'?
Urologists may be instrumental in designing more age-
appropriate brochures and facilities, and in preparing
patients and families for challenges they may face during

the banking process.

Barriers to Fertility Preservation
in Male Adolescents With Cancer:
It’s Time for a Multidisciplinary
Approach that Includes Urologists

Leena Nahata, Laurie E. Cohen, and Richard N. Yu
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PRACTITIONERS HAVE
LITTLE TIME AND INADEQUATE
KNOWLEDGE ABOUT THIS TOPIC

Semen cryopreservation was first established as a safe and
effective method of fertility preservation in adults. Dur-
ing interviews with adult male cancer survivors, the
amount of guidance that had been given by their health
care providers was identified as the most important factor
in the decision to bank sperm. The cancer survivors felt
that practitioners should be clear and direct when dis-
cussing the risk for infertility, and should emphasize the
importance of sperm banking. Patients who had not
received this guidance often did not bank sperm and later
expressed regret.!® Schover et al found that men who had
no memory of being told about sperm banking were

Physicians' lack of knowledge and failure to address the
issues ot infertility and sperm cryvopreservation have also
been identified as the most significant barriers to fertility
preservation in the adolescent population.”™ " Many
reasons for failure to initiate the discussion have been
identified by oncologists, including: the need to start
treatment,” lack of time in a busy practice, difficulty
hnding conventent sperm banking tacilities, and the be-
lief that sperm banking would be too costly for patients.’
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« Urologists can discuss other alternative measures for sperm
acquisition, such as EEJ or TESE, for adolescents who are unable or
unwilling to masturbate to produce a semen sample.

e Some oncologists overestimate the cost of sperm banking and the
number of samples needed to make sperm banking worthwhile.
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Improved Fertility Preservation Care for Male Patients With
Cancer After Establishment of Formalized Oncofertility Program

Kunj R. Sheth, Vidit Sharma, Brian T. Helfand, John Cashy, Kristin Smith,
Jason C. Hedges, Tobias S. Kohler,* Teresa K. Woodruff and Robert E. Brannigant

Fram the Departments of Uralogy (KRE, VE, BTH, JC, JCH, REBI and Obstetrics and Gynecology (K5, TKW] Feinberg School of Medicing,
Northwestern University, Chicageo and Division of Urclogy, Departrment of Surgery, Southemn Ninois University School of Medicing (TSK]

Soringfield. Winois
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RISKS?

1. Risks of the technique;

1. Risk of transmission of neoplastic cells;

1. Risks of pregnancy after fertility preservation treatment:

» Germline mutations and increased risk of genetic abnormalities in offspring -
NO;

* Miscarriage, stillbirth and malformations (incresed only if RT).
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Risks of pregnancy after fertility preservation treatment

Concerns that potentially mutagenic chemotherapy and radiotherapy
may cause germline mutations and an increased risk of genetic
abnormalities in offspring of cancer survivors (Boice et al., 2003;
Winther et al., 2004).

Fertility preservation: A multidisciplinary approach.



Risks of the technique

* No evidence that fertility preservation compromises the success of
cancer therapy or affect a survivor’s health.

* Reimplantation of ovarian cortex carries the risk of transmission of
neoplastic cells.

» Methods to detect residual tumoral involvement are becoming
Increasingly effective.

Fertility preservation: A multidisciplinary approach. 5



Cancer therapies do not confer a greater risk of inherited
genetic disease in offspring

 Numerous studies (Hawkins, 1991; Byrne et al., 1998;
Nagarajam and Robison, 2005; Rees et al., 2006) investigated
the incidence of cancer in the offspring of cancer survivors and
found

Fertility preservation: A multidisciplinary approach. 6



Fertility preservation options must be discussed even in
children

The most common reasons given for not discussing fertility
preservation options:

» Not at significant risk - 29%;
e ToO young - 27%;

» Techniques unproven - 22%;
* No facilities - 10%;

* No funding - 8%.

Fertility preservation: A multidisciplinary approach. 7



Ovarian/testicular cryopreservation in children

« ASCO (2006; 2013) recommended that oncologists address the
possibility of infertility in patients treated during their reproductive
years and be prepared to discuss fertility preservation options or
refer patients to reproductive specialists.

» However, there is no consensus or directive on the age at which
reproductive potential is actually reached

» Unclear how this can be applied to cancer patients under 18 years.

Fertility preservation: A multidisciplinary approach. Q



Preservation of fertility potential in boys when freezing
sperm is impossible

In the hope that future technologies can utilize their immature gametes,

for children prior to chemo or radiotherapy.

e Transplantation back into the inactive testis;
e Maturation in vivo in another host;
* In vitro spermatogenesis.

Fertility preservation: A multidisciplinary approach. 2



Questions?
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Chemotherapy prior to cryopreservation

* Hope of eradicating neoplastic cells in the ovary before the tissue is
cryopreserved, especially in hematological cancers.

 However, one cannot exclude a gonadotoxic effect of this initial
chemotherapy.

Fertility preservation: A multidisciplinary approach. 6



And if a girl/boy has already undergone chemotherapy?

e Even in this situation, cryopreservation of ovarian cortex can
be proposed if a greater gonadotoxic risk is required.

* As follicle density is higher in children, there is a high probability of
recovering intact follicles, even after several courses of
chemotherapy.

Fertility preservation: A multidisciplinary approach.




National recommendations: CNPMA
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National recommendations: CNPMA

v

E por isso indispensavel organizar, no ambito do Servico Nacional de Salude, uma

estrutura/unidade/centro vocacionada e dedicada a recolha e criopreservacio de
espermatozdides, évulos e/ou tecido ovarico para uso futuro dos doentes indicados para

terapéuticas do foro oncoldgico.
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National recommendations: CNPMA
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Table IIl Series of ovarian cortex cryopreservation in children.

Series in young ages

Authors

Feigin et al. (2007

Poirot et al. (2007)
Anderson et al, (2008b)
Foevel et al, (2009

Oiktay and Okeem (2009)
Borgstrom et al, (2009)

Jadoul et al. {present publication)

Patients {n)

Age (years)

Mean

13.5

6.1
19.2
15.3
14.3
14.4
10.4

Patients under

16 years

..-1. ................ % .

MA MA
47 100
I 3l
B 42
9 35
40 70
58 100
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Cancer treatment takes priority over potential restoration of
fertility, but the chance to preserve fertility may greatly enhance
the guality of life of young cancer patients and their parents.

Fertility preservation: A multidisciplinary approach. 4



Cases: 2008-2011

19

Date of the 1st Health Institution of Origin Age Marital Status Profession Diagnosis Fertility Preservation
Appointment Technique

July/2008 CHUC, Coimbra 25 Married Architect Hodgkin's Lymphoma Ovarian tissue
November/2008 Hospital da Luz, Lisbon 32 Civil union (4Y) Unemployed Colon cancer Ovarian tissue

June/2009 CHUC, Coimbra 40 Single Lawyer Ovarian cancer Ovarian tissue

July/2009 CHUC, Coimbra 22 Single Unemployed Ovarian cancer Ovarian tissue
February/2010 CHUC, Coimbra 17 Single Student Leukemia Ovarian tissue

April/2010 Maternidade BB, Coimbra 14 Single Student Teratoma Ovarian tissue

June/2010 CHUC, Coimbra 28 Married Electronic Engineer Hodgkin's Lymphoma Ovarian tissue

July/2010 Hospital Sdo José, Lisbon 23 Single Journalist Breast cancer Ovarian tissue
August/2010 CHC, Coimbra 26 Single Student Kidney failure Ovarian tissue
August/2010 Maternidade BB, Coimbra 22 Civil union (1Y) Waitress Lupus Ovarian tissue
October/2010 CHUC, Coimbra 15 Single Student Nasopharyngeal cancer Ovarian tissue
October/2010 CHUC, Coimbra 32 Divorced Cashier Non-Hodgkin's Lymphoma Ovarian tissue and oocytes
April/l2011 Hospital de Guimaraes 26 Single Student Bowel cancer Ovarian tissue and oocytes
May/2011 CHUC, Coimbra 36 Single Education auxiliary Breast cancer Ovarian tissue

June/2011 Hospital Sdo Teotonio, Viseu 36 Civil union (6Y) Administrative Breast cancer Ovarian tissue and embryos
June/2011 CHUC, Coimbra 28 Single Pharmacist Non-Hodgkin's Lymphoma Ovarian tissue
September/2011 CHUC, Coimbra 20 Single Student Hodgkin’s Lymphoma Ovarian tissue
October/2011 IPOFG Coimbra 22 Single Student Ewing’s Sarcoma Ovarian tissue
November/2011 CHUC, Coimbra 22 Single Student Hodgkin’s Lymphoma Ovarian tissue
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Cases: 2012

11

Date of the 1st Health Institution of Origin Age Marital Status Profession Diagnosis Fertility Preservation
Appointment Technique
January/2012 IPOFG Coimbra 27 Civil union (10Y) Economist Dysgerminoma Embryos
February/2012 IPOFG Coimbra 28 Single Waitress Breast cancer Ovarian tissue and oocytes
February/2012 IPOFG Lisbon 25 Single Nutritionist Hodgkin’s lymphoma Embryos and oocytes
February/2012 Hospital do Funchal, Madeira 34 Married Jurist Transversal myelitis Embryos and oocytes
March/2012 CHUC, Coimbra 28 Single Doctor Sarcoma Ovarian tissue
June/2012 IPOFG Lisbon 34 Civil union (2Y) Assistant Breast cancer Embryos
August/2012 IPOFG Lisbon 32 Married Administrative Breast cancer Embryos
October/2012 IPOFG Lisbon 31 Divorced Nurse Breast cancer Oocytes
November/2012 Hospital de Guimarées 30 Single Lawyer Breast cancer Oocytes
December/2012 CHUC, Coimbra 30 Single Human resources Breast cancer Ovarian tissue
December/2012 IPOFG Lisbon 28 Single Pharmacist Breast cancer Oocytes
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Date of the 1st
Appointment

January/2013
February/2013
March/2013
May/2013
May/2013
May/2013
May/2013
May/2013
June/2013
June/2013
June/2013
June/2013
July/2013
August/2013
August/2013
August/2013
September/2013

September/2013

Cases: 2013...

Health Institution of Origin

IPOFG Lisbon

Hospital de Guimaraes
Hospital das Calda da Rainha
IPOFG Lisbon

IPOFG Lisbon

CHUC, Coimbra

IPOFG Lisbon

CHUC, Coimbra

Private practice, Coimbra
CHUC, Coimbra

IPOFG Coimbra

CHUC, Coimbra

CHUC, Coimbra

CHUC, Coimbra

CHUC, Coimbra

CHUC, Coimbra

CHUC, Coimbra

IPOFG Lisbon

Age

38
22
33
33
13
17
15
33
26
36
35
29
26
31
33
32
26

29

Marital Status

Single

Single

Married
Married

Single

Single

Single

Married

Single

Single

Single

Married

Civil union (5Y)
Single

Single

Civil union (11Y)
Civil union (1Y)

Civil union (2Y)

Profession

Administrative
Student
Machine operator
Professor
Student
Student
Student
Student
Student
Doctor
Lawyer
Waitress
Assistant
Doctor
Archeologist
Student
Analyst

Administrative

Diagnosis

Breast cancer

Non Hodgkin's lymphoma
Breast cancer

Breast cancer

Ewing’'s Sarcoma
Sarcoma

Ewing’'s Sarcoma
Hodgkin's lymphoma
Ovarian tumor borderline
Breast cancer

Breast cancer

Ovarian tumor borderline
Sarcoma

Hodgkin’s lymphoma
Breast cancer

Non Hodgkin's lymphoma
Breast cancer

Breast cancer

18

Fertility Preservation
Technique

Oocytes
Ovarian tissue
Oocytes
Embryos
Ovarian tissue

Ovarian tissue

Ovarian tissue and oocytes

Embryos
Oocytes
Oocytes
Oocytes
Oocytes
Oocytes
Oocytes
Oocytes
Embryos and oocytes
Oocytes

Oocytes
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