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Preface

The field of oncofertility began with an 
urgent unmet need – the fertility concerns 
of young cancer patients. Today, due to the 
research and clinical interventions docu-
mented in prior books, the field of oncofer-
tility has matured. Now, clear didactics are 
needed to ensure that clinicians who are 
new to this field of medicine can quickly 
come up to speed with treatment strate-
gies. In this first ever Textbook of Oncofer-
tility Research and Practice, the coeditors 
and coauthors met this need with two 
kinds of chapters. First, in the didactic 
chapters, questions are posed that are 
instructional and provide the best evi-
dence available on each of the subjects. 
They may also provide a springboard 
toward new research or improvements in 
clinical care. The second chapter type is 
represented by case studies. Every oncofer-
tility case differs significantly based on the 
age of the individual, expectations about 
fertility needs, timing, and the type of can-
cer care, and this complexity is detailed in 
each chapter. As a collection, they repre-
sent the best thinking of clinicians who 
have been on the frontline of oncofertility 
care since its inception. In the end, we 
hope these chapters and the case studies 
enable the kind of learning that is endur-
ing and propels the field forward.

The coeditors on this book are Divya Shah, 
MD, and Wendy Vitek, MD. Both of these 
clinicians are extraordinary educators and 
have dedicated their careers to teaching 
oncofertility practices to residents and fel-
lows across the multiple subspecialties that 
represent this diverse field. They are the 
founders and directors of the Oncofertility 
Fellow Education Day that brings students 
together on an annual basis to learn about 
the field and how to collaborate across 
 disciplines. They also led the Oncofertility 
Consortium’s efforts to create free online 
didactics that are available through the 
American Society of Reproductive 
 Medicine (ASRM). Through these efforts, 
they are enabling the next generation of 

 clinicians to learn either in person, online, 
or through this textbook. Education that 
has no boundaries is boundless! I am grate-
ful to them for their partnership in each of 
these endeavors.

This textbook could not exist without the 
time and expertise of our authors; their 
dedication ensures this is a volume that is 
highly valuable to the field today and will 
be the foundation for updates in our col-
lective future. These chapters and cases are 
built on experience, and the truths that are 
presented are hard-won, first-person voy-
ages into delivery of care when intentions 
were good but guidelines were scarce. Our 
authors are on the front lines, but rarely 
make headlines – they are the champions 
of oncofertility.

It would also not exist without the expert 
handling of the administrative details of this 
and other Oncofertility Consortium educa-
tional tools by Lauren Ataman- Millhouse 
and Brigid Martz- Smith. These two out-
standing leaders have enabled our field to 
flourish for more than half a decade. Their 
personal commitment and professional pas-
sion for oncofertility ensure that the field is 
coordinated so that patient treatment is 
optimized. Team science often moves more 
slowly because of coordination penalties. 
Oncofertility is different, and the difference 
is Lauren and Brigid. They make possible 
any idea that I imagine, and, as a conse-
quence, we have made remarkable advances 
in a short period of time. Our field is made 
better by and is grateful to Lauren and 
Brigid for their expertise and partnership.

This book was also aided by the team of edi-
tors, including Tracy Marton, at Springer 
Nature, and, most importantly, Kristopher 
Spring. This is my seventh book with Kris-
topher, and his careful handling of our field 
as we coalesced our ideas over the years is 
remarkable. Indeed, our first book, pub-
lished in 2007, was immediately after the 
word oncofertility was coined. One has only 
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to peruse the titles of our books to know 
that Springer has never shied away from the 
needs of our field as it developed [1–6].

Most importantly, I want to thank the field 
of oncofertility. This will be my last preface 
in a book that I edit on this topic. I have 
been part of a global movement that cre-
ated the basic science rationale, clinical 
investigatory opportunities, and clinical 
breakthroughs that we now take for granted 
in fertility management of the young can-
cer patient. My first conversations with 
clinicals – REIs, oncologists, and embryolo-
gists – were met with incredulity. The time 
was too long; the patients were too ill; the 
need to protect fertility was subordinate to 
all else. These early discussions led directly 
the creation of the Oncofertility Consor-
tium, a global community of care that rep-
resents a collegial group of members across 
the disciplinary spectrum who are “the 
community of the willing.” As a conse-
quence of this groups’ good work, young 
cancer patients now expect a fertility con-
sult, and while not yet universal, options 
are available in many clinical settings pro-
viding hope for an expectant future. Today, 
there are five states that have enacted insur-
ance and reimbursement legislation, ensur-
ing access to patients from all socioeconomic 
backgrounds. In the end, my contribution 
has been as a grassroots organizer, recog-
nizing from the beginning that for the field 
to reach its full potential in the shortest 
possible timeframe, we needed to think not 
just about the research breakthroughs or 
clinical options, but we had to think about 
practice management strategies and what 
questions the patient might have including 
about legal issues, ethical concerns, and 
faith-based crisis that could modify deci-
sioning. By including all of the wisdom of 
the academy, we accelerated the work.

While this is my last chapter in oncofertility, 
my own work with continue in the lab, which 
is the best outcome for research – that a once 
intractable problem now has tangible solu-
tions. Drs. Shah and Vitek will take over as 
coeditors of this textbook in future years, 
ensuring that we have the most up-to-date 

content so that it becomes a vibrant part of 
the fertility preservation movement. The 
Oncofertility Consortium meetings will con-
tinue because the field has problems it must 
continue to solve and only by convening do 
we understand each other’s points of view.

Finally, this textbook is dedicated to all of 
the cancer patients who have fought this 
disease. Megan Connolly, to whom this 
book is dedicated, is my personal hero, and 
she represents the many heroes who have 
overcome the adversity of cancer to shine 
as a beacon on health and hope to many 
generations to come. She is living proof 
that the promise of basic science in medi-
cine is that tomorrow’s patient will be 
treated better than todays.

This textbook is the tangible evidence of 
that promise.
 1. Woodruff TK, Snyder K. (Eds). 

Oncofertility. New York: Springer; 2007.
 2. Woodruff TK, Zoloth L, Campo-

Engelstein L, Rodriguez SB. (Eds). 
Oncofertility: ethical, legal, social, and 
medical perspectives. New York: 
Springer Publishing Company; 2010.

 3. Woodruff TK, Gracia C. (Eds). 
Oncofertility medical practice: clinical 
issues and implementation. New York: 
Springer Publishing Company; 2012.

 4. Woodruff TK, Clayman ML, Waimey 
KE. (Eds). Oncofertility communica-
tion: sharing information and building 
relationships across disciplines. 
New York: Springer Publishing 
Company; 2013.

 5. Woodruff TK, Gosiengfiao YC. (Eds). 
Pediatric and adolescent oncofertility: 
best practices and emerging technolo-
gies. Cham: Springer International 
Publishing; 2017.

 6. Goetsch A, Kimelman D, Woodruff 
TK. (Co-authors). Fertility preserva-
tion and restoration for patients with 
complex medical conditions. 
New York: Springer Publishing 
Company; 2017.

Teresa K. Woodruff, PhD
Chicago, IL, USA

Preface
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The academic medical center endorses a 
tripartite mission: providing excellent 
clinical care, advancing cutting-edge med-
ical research, and educating the next gen-
eration of physicians and leaders. Though 
the three goals are typically described in a 
single breath, medical education has fre-
quently taken a back seat to research and 
clinical programs. In recent years, how-
ever, medical education is increasingly 
valued as an independent mission  – one 
that requires a team of professionals who 
are both committed and specifically 
trained to advance it.

Never is this need more evident than in 
oncofertility, where the multidisciplinary 
and interprofessional nature of the field 
requires an as-yet-undetermined approach 
to education and training. Under the guid-
ance of Dr. Teresa Woodruff, the Oncofer-
tility Consortium has assumed this 
challenge. An early needs assessment iden-
tified both the desire for and the dearth of 
a structured, formalized, easily accessible 
curriculum in fertility preservation among 
obstetrics and gynecology fellows, with 
subsequent roundtable discussions clarify-
ing the goals and structure of such an 
endeavor. The outcome of these efforts has 
been the launch of a multimodal curricu-
lum in fertility preservation that offers a 
variety of learning opportunities to address 
the heterogeneous learning styles and per-
sonal preferences of the targeted adult 
learners. Part one includes a free online 
certificate course, representing a collabo-
ration between the American Society for 
Reproductive Medicine and the Oncofer-
tility Consortium, that is comprised of 12 
modules spanning the breath of fertility 
preservation and survivorship. This is sup-
plemented by an in-person one-day course 
at the annual Oncofertility Consortium 
meeting, which includes both didactic- 
and case-based instruction, the latter of 
which occurs in multidisciplinary teams. 
This text represents the culmination of this 
educational effort and is directed specifi-
cally toward trainees and independent 
practitioners who are new to the field of 
oncofertility.

The book is structured with two types of 
chapters: topical and case-based. The top-
ics are selected for their relevance to the 
clinical practice of oncofertility and are 
intended to appeal to an international 
audience from a variety of disciplines. The 
authors were selected for their expertise in 
the field as well as their ability to distill 
complex evidence into a structured and 
easily digestible format. The case-based 
chapters are intended as an adjunct to the 
topical chapters but with a different goal. 
Each begins with a real clinical scenario 
encountered by the authors; like clinical 
medicine itself, the cases can be compli-
cated, messy, multifaceted, and rely upon 
knowledge and judgment from a wide 
array of topics. The intent of the cases is to 
illustrate the breath and complexity of this 
field through the eyes of experts, provid-
ing a springboard for thoughtful discus-
sion and reflection on one’s own 
experience. Questions for learner self-
assessment are available at the end of each 
chapter. If you are new to the field, we rec-
ommend that you read the topical content 
for foundational knowledge and the asso-
ciated cases for application and self-assess-
ment. We anticipate that you will find it 
helpful to return to the cases for guidance 
when you encounter complex cases in 
your own practice. If you have been pro-
viding oncofertility care in your practice, 
we anticipate that reading the topical con-
tent and cases will provide a concise 
update of the recent progress made in the 
field.

As faculty in Reproductive Endocrinol-
ogy and Infertility as well as medical 
 educators, we embraced the challenge of 
distilling the field of fertility preservation 
down to what we hope is a practical but 
also thought-provoking text. We look for-
ward to keeping this resource up to date 
and relevant for years to come.

Wendy S. Vitek, MD
Rochester, NY, USA

Divya Kelath Shah, MD, MME
Philadelphia, PA, USA
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Teresa does it again! I was there when Dr. 
Woodruff first shared her idea for a NIH 
Roadmap grant proposal focusing on fertil-
ity preservation for the cancer patient, with 
leaders of the reproductive research com-
munity. The application was successful and 
the discipline of oncofertility was born and 
now espoused worldwide. One of the origi-
nal aims of this novel transdisciplinary ini-
tiative was the education and training of 
providers who treat cancer patients, but do 
not have reproduction on their radar 
screens. Dr. Woodruff launched the now 
global Oncofertility Consortium, hosted 
annual Oncofertility Conferences, published 
numerous scientific studies and now, this 
inspired effort culminates in the publication 
of the Textbook of Oncofertility Research and 
Practice. For most, if not all cancer survivors, 

family building is synonymous with quality 
of life. It all starts with basic education and 
awareness of the facts and what opportuni-
ties and treatment options are possible. This 
book, co-edited by Drs. Vitek and Shah, two 
up and coming reproductive medicine spe-
cialists and educators, provides all the 
needed information; it should be a “must 
read” for any healthcare provider, primary 
care or specialist treating pediatric cancer 
patients or patients of reproductive age with 
cancer.

Christos Coutifaris, MD, PhD
Celso-Ramon Garcia Professor
Department of Obstetrics  
and Gynecology
University of Pennsylvania
President, ASRM

Preface



XI

Contents

I Fertility Implications in Oncologic 
and Non-oncologic  Settings

 1  Fertility Risk with Cancer Therapy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3

Leslie Coker Appiah and Daniel M. Green

 2  Childhood, Adolescent, and Young Adult Cancer: 
Fertility Implications and Clinical Practice. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15

Karen E. Kinahan, Barbara A. Lockart, Christina E. Boots, and Aarati Didwania

 3  Cancer Genetics: Risks and Mechanisms of Cancer in Women 
with Hereditary Predisposition to Epithelial Ovarian Cancer . . . . . . . . . . . .  29

Andrew F. Wagner, Lee P. Shulman, and Jeffrey S. Dungan

 4  Fertility Preservation in Patients with Disorders (Differences) 
of Sex Development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45

Diane Chen, Emilie K. Johnson, and Courtney Finlayson

 5  Fertility Preservation in Patients with Gender Dysphoria . . . . . . . . . . . . . . . .  55

Jason Jarin, Emilie K. Johnson, and Veronica Gomez-Lobo

II Options for  Preserving Fertility

 6  Embryo and Oocyte Banking. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  71

Lynn M. Westphal, Jamie A. M. Massie, and Jessica A. Lentscher

 7  Ovarian Tissue Cryopreservation and Transplantation . . . . . . . . . . . . . . . . . . .  81

Yuting Fan and Sherman Silber

 8  Surgical and Pharmacologic Fertility Preservation: 
The Role of Ovarian Transposition and Medical Suppression . . . . . . . . . . . .  89

Kara N. Goldman

 9  Fertility Preservation Options for Female Pediatric 
and Adolescent Oncology Patients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  103

Michael Kinnaman, Kathleen Shea, and Jennifer Levine

 10  Optimal Technique for Laparoscopic Oophorectomy 
for Ovarian Tissue Cryopreservation in Pediatric Girls . . . . . . . . . . . . . . . . . . .  115

Kristine S. Corkum and Erin Rowell

 11  Fertility Preservation in Adult Male Cancer Patients. . . . . . . . . . . . . . . . . . . . . .  121

Joshua A. Halpern and Robert E. Brannigan



XII

III Care of the Opatient

 12  Assessing Ovarian Reserve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  145

Yasmin Gosiengfiao and Veronica Gomez-Lobo

 13  Contraception and Menstrual Suppression for Adolescent 
and Young Adult Oncology Patients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  153

Carley Zeal, Janie Benoit, and Holly R. Hoefgen

 14  Female Sexual Function in Childhood, Adolescent, 
and Young Adult Cancer Survivors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  177

Terri L. Woodard, Andrea Bradford, and Sukhkamal Campbell

 15  Pregnancy Considerations in Patients with Cancer  
and Cancer Survivors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  191

Yuriko Iwahata, Hideyuki Iwahata, and Nao Suzuki

 16  Assessing Testicular Reserve in the Male Oncology Patient . . . . . . . . . . . . . .  199

James A. Kashanian and Robert E. Brannigan

 17  Male Fertility Preservation: Current Options  
and Advances in Research. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  209

Kathrin Gassei, Hanna Valli-Pulaski, Allison G. Close, Erika D. Friehling, 
Rajeev Chaudhry, Patrick J. Fox, Glenn M. Cannon, Thomas M. Jaffe, 
Lillian R. Meacham, and Kyle E. Orwig

 18  Male Sexuality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  229

Anne Katz, Brooke Cherven, Linda Ballard, Chad Ritenour,  
and Lillian R. Meacham

IV Oncofertility in  Clinical Practice

 19  Setting Up an Oncofertility Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  245

Chelsea Webb Fox and H. Irene Su

 20  Building a Pediatric Oncofertility Practice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  255

Karen Burns and Lesley Breech

 21  The Fertility Preservation (FP) Consult . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  265

Barbara A. Lockart

 22  Genetic Counselors: Bridging the Oncofertility Information Gap . . . . . . .  273

Allison L. Goetsch

 23  Psychosocial Impact of Cancer-Related Infertility . . . . . . . . . . . . . . . . . . . . . . . .  281

Mollie Rose Canzona, Bansari G. Patel, and John M. Salsman

 Contents



XIII

 24  Oncofertility Consults in the REI Setting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  289

Jason Elliott, Rhonda Zwingerman, Jinglan Han, Tamas Gotz, and Eileen McMahon

 25  The Birds and the Bees and the Bank: Talking with Families 
About Future Fertility Amidst a Cancer Diagnosis . . . . . . . . . . . . . . . . . . . . . . . .  297

Gwendolyn P. Quinn, Caprice Knapp, and Devin Murphy

 26  Patient and Family Tools to Aid in Education 
and Decision-Making About Oncofertility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  305

Gwendolyn P. Quinn, Susan Thomas Vadaparampil, Ivana Sehovic-Neff, 
and Marla L. Clayman

 27  Establishing Insurance Coverage for Iatrogenic Infertility . . . . . . . . . . . . . . .  317

Joyce D. Reinecke, Nanette Elster, Joseph Letourneau, and Meghan Bowman-Curci

V Ethical and Legal Considerations in Oncofertility

 28  Legal Issues in Oncofertility Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  333

Susan L. Crockin

 29  Adoption in the Cancer Setting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  349

Jessica R. Gorman, Adam S. DuVall, and Brandon Hayes-Lattin

 30  Common Ethical Issues in Oncofertility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  355

Lisa Campo-Engelstein

 31  The Importance of Disclosure for Sexual and Gender Minorities 
in Oncofertility Cases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  363

Gwendolyn P. Quinn, Christina Tamargo, Matthew B. Schabath, 
Amani Sampson, and Susan Thomas Vadaparampil

 32  Ethics of Posthumous Reproduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  375

Lisa Campo-Engelstein

VI Basic Science Advances in Oncofertility

 33  Fertility Preservation and Restoration in Pediatric Males . . . . . . . . . . . . . . . .  385

Maxwell E. Edmonds, Kyle E. Orwig, and Robert E. Brannigan

 34  Uterus Transplantation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  395

Mats Brännström and Jana Pittman

 35  Protecting and Extending Fertility for Females of Wild 
and Endangered Mammals. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  401

Nucharin Songsasen and Pierre Comizzoli

Contents 



XIV

VII Case Studies: Egg Banking

 36  Cervical Cancer (Large Tumors): Conservative Surgery, Ovarian 
Transposition, and Oocyte and Ovarian Tissue Cryopreservation: 
A Combined Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  415

Mauricio Barbour Chehin, Lívia Munhoz, Joyce Fioravanti, Bruna Barros,  
and André Lopes

 37  Oocyte Cryopreservation in the Setting of Cervical Cancer . . . . . . . . . . . . . .  419

Ashley Graul and Clarisa R. Gracia

 38  Alternative Stimulation Protocols . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  425

Marissa Steinberg Weiss, Seema Niphadkar, David M. Mintzer,  
and Divya Kelath Shah

 39  Oncofertility in the Premenopausal Breast Cancer Patient . . . . . . . . . . . . . . .  431

Dana Marie Scott, Nikita M. Shah, and Jacqueline S. Jeruss

 40  Oncofertility Case Study: Breast Cancer in a 33-Year-Old Woman . . . . . . .  439

Ellen M. Greenblatt, Eileen McMahon, and Tulin D. Cil

 41  Fertility Preservation: Convergence of Newly Diagnosed 
Breast Cancer, Desired Fertility, and Polycystic Ovary Syndrome . . . . . . .  443

Michael S. Mersol-Barg and Jeffrey H. Margolis

 42  Fertility Preservation for a Transgender Man. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  449

Olivia Higgins, Amy R. Benjamin, Katherine B. Greenberg, and Wendy S. Vitek

 43  Fertility Preservation in an Adolescent with an Ovotesticular 
Disorder of Sexual Development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  453

Teresa Almeida-Santos, R. Cardoso, A. Carvalho, and Ana Paula Sousa

 44  Case Presentation: Adoption in the Cancer Setting . . . . . . . . . . . . . . . . . . . . . . .  457

Adam S. DuVall, Jessica R. Gorman, and Brandon Hayes-Lattin

VIII Case Studies: Embryo Banking

 45  In Vitro Activation Following Ovarian Tissue Cryopreservation: 
A Case of Patient with POI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  463

Hideyuki Iwahata, Seido Takae, Kazuhiro Kawamura, and Nao Suzuki

 46  Fertility Preservation in Young Women with Breast Cancer:  
A Case Study. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  467

Marouen Braham, Sarah Amari, Hammouda Boussen, Mohamed Khrouf, 
and Fethi Zhioua

 47  Childhood Cancer: Secondary Malignancy and Fertility  
Implications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  471

Karen E. Kinahan

 Contents



XV

 48  Fertility Preservation at an Advanced Reproductive Age: 
When Hope and Reality Collide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  477

Jacquelyn Shaw and Kara N. Goldman

IX Case Studies: Ovarian Tissue Cryopreservation

 49  Case Presentation: Ovarian Tissue Cryopreservation 
and Subsequent Transplantation in the Setting of Lymphoma . . . . . . . . . .  485

Clarisa R. Gracia

 50  Ovarian Tissue Cryopreservation in a Rare Case of a Pregnant 
Woman with Acute Leukemia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  489

Mahmoud Salama, Evgenia Isachenko, Sebastian Ludwig, Thomas Einzmann, 
Gohar Rahimi, Peter Mallmann, and Vladimir Isachenko

X Case Studies: Adult Male Fertility Preservation

 51  Case Presentation: Sperm Banking in Patient Diagnosed 
with Acute Myeloid Leukemia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  495

Adam S. DuVall, Jason C. Hedges, and Brandon Hayes-Lattin

 52  Management of Male Infertility Secondary 
to Chemotherapeutic Agents During Childhood  
Cancer Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  501

Aarati Didwania

XI Case Studies: Pediatric Male Fertility Preservation

 53  Assessing and Supporting Adolescent Boys Having  
Fertility Preservation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  507

Antoinette Anazodo and William Ledger

 54  Fertility Preservation Approaches to Patients with Leukemic  
Involvement of the Testes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  513

Michael H. Hsieh

 55  Testicular Tissue Cryopreservation Prior to Hematopoietic  
Stem Cell Transplant: Two Case Studies Illustrating Family  
Decision-Making . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  517

Emilie K. Johnson, Nicoleta Arva, and Barbara A. Lockart

 56  Adolescent Testicular Sperm Retrieval . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  523

I-Shen Huang, Robert E. Brannigan, and Barbara A. Lockart

 57  Spontaneous Conception in a Breast Cancer Woman 
Carrying a BRCA2 Mutation: When Two Children Are Not Enough . . . . . . .  529

Teresa Almeida-Santos, Margarida Brito, and Ana Paula Sousa

Contents 



XVI

XII Case Studies: Pediatric Female Fertility Preservation

 58  Fertility Preservation in a Premenarchal Girl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  535

Ksenya Shliakhsitsava, Chelsea Webb Fox, and H. Irene Su

 59  A Clinical Case of Fertility Preservation in an Adolescent 
with Hodgkin Lymphoma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  541

Mohamed Khrouf, Marouen Braham, Selim Khrouf, and Fehmi Msaddak

 60  Case Study of Postpubertal Adolescent Female Undergoing  
Ovarian Tissue Cryopreservation and Oophoropexy 
Prior to Gonadotoxic Therapy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  547

Timothy Lautz, Barbara A. Lockart, and Elizabeth Sniderman

 61  Fertility Preservation in a Female Adolescent  
with a Hemoglobinopathy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  551

Mary Ellen Pavone, Sharrón Manuel, and Alexis Thompson

Supplementary Information
 Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  561

 Contents



XVII

Contributors

Teresa Almeida-Santos, MD, PhD
Center for Fertility Preservation,  
Reproductive Medicine Unit  
Centro Hospitalar e Universitário de Coimbra 
Coimbra, Portugal

Faculty of Medicine, University of Coimbra 
Coimbra, Portugal

Center for Neuroscience and Cell Biology 
University of Coimbra  
Coimbra, Portugal

Human Reproduction Department  
Coimbra University Hospital  
Coimbra, Portugal
teresaalmeidasantos@chuc.min-saude.pt
anateresasantos.tas@gmail.com

Sarah Amari, MD
Gynecology, obstetrics and Reproductive 
Medicine Department 
Aziza Othmana University Hospital 
Tunis, Tunisia

Faculté de Médecine de Tunis 
Tunis, Tunisia
dr.sarahamari@gmail.com

Antoinette Anazodo, BSc, MSc, MBBS
Department of Paediatric Oncology  
Kids Cancer Centre, Sydney Children’s Hospital 
Sydney, NSW, Australia

Department of Adult Oncology  
Nelune Cancer Centre, Prince of Wales Hospital 
Sydney, NSW, Australia

School of Women’s and Children’s Health 
University of New South Wales  
Sydney, NSW, Australia
antoinette.anazodo@health.nsw.gov.au

Leslie Coker Appiah, MD
Department of Obstetrics and Gynecology  
The Ohio State University College  
of Medicine, The Ohio State University  
Wexner Medical Center  
Columbus, OH, USA

The Ohio State University Comprehensive 
Cancer Center - James Cancer Hospital  
and Solove Research Institute  
Columbus, OH, USA

Nationwide Children’s Hospital  
Columbus, OH, USA
leslie.appiah@osumc.edu

Nicoleta Arva, MD, PhD
Department of Pathology and Laboratory 
Medicine 
Ann & Robert H. Lurie Children’s Hospital 
of Chicago  
Chicago, IL, USA
narva@luriechildrens.org

Linda Ballard, APRN, CPNP
Aflac Cancer and Blood Disorders Center 
Children’s Healthcare of Atlanta  
Atlanta, GA, USA
linda.ballard@choa.org

Bruna Barros, BSc
Huntington Medicina Reprodutiva  
São Paulo, SP, Brazil
bbarros@huntington.com.br

Amy R. Benjamin, MD
Department of Obstetrics and Gynecology 
University of Rochester School of  
Medicine & Dentistry  
Rochester, NY, USA
amy_benjamin@urmc.rochester.edu

Janie Benoit, MD, FRCSC
Department of Obstetrics and Gynecology 
Ste-Justine Hospital, University of Montreal 
Montreal, QC, Canada
janie.benoit@umontreal.ca
janiebenoit@yahoo.ca

Christina E. Boots, MD
Division of Reproductive Endocrinology  
and Infertility, Northwestern University 
Feinberg School of Medicine  
Chicago, IL, USA
christina.boots@northwestern.edu

mailto:teresaalmeidasantos@chuc.min-saude.pt
mailto:anateresasantos.tas@gmail.com
mailto:dr.sarahamari@gmail.com
mailto:antoinette.anazodo@health.nsw.gov.au
mailto:leslie.appiah@osumc.edu
mailto:narva@luriechildrens.org
mailto:linda.ballard@choa.org
mailto:bbarros@huntington.com.br
mailto:amy_benjamin@urmc.rochester.edu
mailto:janie.benoit@umontreal.ca
mailto:janiebenoit@yahoo.ca
mailto:christina.boots@northwestern.edu


XVIII

Hammouda Boussen, MD
Medical Oncology Department  
Mahmoud Materi Hospital  
Ariana, Tunisia

Faculté de Médecine de Tunis  
Tunis, Tunisia
boussen2011@yahoo.fr

Meghan Bowman-Curci, MPH
Alliance for Fertility Preservation (501 ©(3))
Moffitt Cancer Center, Health Outcomes  
and Behavior Program  
Lafayette, CA, USA

Health Outcomes and Behavior Program 
Moffitt Cancer Center  
Tampa, FL, USA
meghan@allianceforfertilitypreservation.org

Andrea Bradford, PhD
Section of Gastroenterology and Hepatology 
Department of Medicine  
Baylor College of Medicine  
Houston, TX, USA
annie@ambradford.com

Marouen Braham, MD
Gynecology, Obstetrics and Reproductive 
Medicine Department 
Aziza Othmana University Hospital 
Tunis, Tunisia

Faculté de Médecine de Tunis 
Tunis, Tunisia
marouen.braham@fmt.utm.tn

Robert E. Brannigan, MD
Division of Male Reproductive Surgery and 
Men’s Health, Department of Urology  
Northwestern University Feinberg 
School of Medicine  
Chicago, IL, USA
r-brannigan@northwestern.edu

Mats Brännström, MD, PhD
Department of Obstetrics and Gynecology 
Sahlgrenska University Hospital  
Gothenburg, Sweden

Department of Obstetrics and Gynecology 
Sahlgrenska Academy, University of Gothenburg  
Gothenburg and Stockholm IVF  
Stockholm, Sweden
mats.brannstrom@obgyn.gu.se

Lesley Breech, MD
Cincinnati Children’s Hospital Medical Center 
Cancer and Blood Diseases Institute  
Cincinnati, OH, USA
gynecology@cchmc.org

Margarida Brito, MD
Instituto Português de Oncologia  
Francisco Gentil Lisboa  
Lisbon, Portugal
mbgoncalves@ipolisboa.min-saude.pt

Karen Burns, MD, MS
Cincinnati Children’s Hospital Medical Center, 
Cancer and Blood Diseases Institute  
Cincinnati, OH, USA
karen.burns@cchmc.org

Sukhkamal Campbell, MD
Department of Obstetrics and Gynecology 
Division of Reproductive Endocrinology  
and Infertility, Baylor College of Medicine  
Houston, TX, USA
sukhkamal.campbell@bcm.edu

Lisa Campo-Engelstein, PhD
Alden March Bioethics Institute  
and Department of Obstetrics and Gynecology 
Albany Medical College  
Albany, NY, USA
campoel@amc.edu

Glenn M. Cannon, MD
Department of Urology  
University of Pittsburgh School of Medicine, 
Children’s Hospital of Pittsburgh of UPMC 
Pittsburgh, PA, USA
cannongm@upmc.edu

Mollie Rose Canzona, MA, PhD
Assistant Professor  
Department of Communication  
Wake Forest University  
Winston-Salem, NC, USA

Department of Social Sciences  
and Health Policy  
Wake Forest School of Medicine  
Winston-Salem, NC, USA
canzonmr@wfu.edu

 Contributors

mailto:boussen2011@yahoo.fr
mailto:meghan@allianceforfertilitypreservation.org
mailto:annie@ambradford.com
mailto:marouen.braham@fmt.utm.tn
mailto:r-brannigan@northwestern.edu
mailto:mats.brannstrom@obgyn.gu.se
mailto:gynecology@cchmc.org
mailto:mbgoncalves@ipolisboa.min-saude.pt
mailto:karen.burns@cchmc.org
mailto:sukhkamal.campbell@bcm.edu
mailto:campoel@amc.edu
mailto:cannongm@upmc.edu
mailto:canzonmr@wfu.edu


XIX

R. Cardoso, MD
Pediatric Endocrinology Unit  
Hospital Pediátrico, Centro Hospitalar e 
Universitário de Coimbra  
Coimbra, Portugal
ritacfc@hotmail.com

A. Carvalho, BS, MS
Center for Fertility Preservation  
Reproductive Medicine Unit, Centro Hospitalar 
e Universitário de Coimbra  
Coimbra, Portugal

Center for Neuroscience and Cell Biology 
University of Coimbra  
Coimbra, Portugal
alexandra.fernandes.carvalho@gmail.com

Rajeev Chaudhry, MD
Department of Urology  
University of Pittsburgh School of Medicine 
Children’s Hospital of Pittsburgh of UPMC 
Pittsburgh, PA, USA
rajeev.chaudhry@chp.edu

Mauricio Barbour Chehin, MD, PhD
Huntington Medicina Reprodutiva  
São Paulo, SP, Brazil

Gynecology Department  
Universidade de Santo Amaro – UNISA  
São Paulo, SP, Brazil
mchehin@huntington.com.br

Diane Chen, PhD
Assistant Professor, Division of Adolescent 
Medicine, Departments of Child & Adolescent 
Psychiatry and Pediatrics  
Ann & Robert H. Lurie Children’s Hospital of 
Chicago, Northwestern University Feinberg 
School of Medicine  
Chicago, IL, USA
dichen@luriechildrens.org

Brooke Cherven, MPH, RN, CPON
Aflac Cancer and Blood Disorders Center 
Children’s Healthcare of Atlanta  
Atlanta, GA, USA
Brooke.Cherven@choa.org

Tulin D. Cil, MD, MEd, FRCSC
Department of Surgery, University of Toronto 
Breast Surgical Oncology, Princess Margaret 
Cancer Centre and Women’s College Hospital 
Toronto, ON, Canada
tulin.cil@uhn.ca

Marla L. Clayman, PhD, MPH
Department of Health Care Research and 
Evaluation, American Institutes for Research 
Chicago, IL, USA
mclayman@air.org
marla.clayman@gmail.com

Allison G. Close, MD
Division of Pediatric Hematology/Oncology 
Department of Pediatrics, University of 
Pittsburgh School of Medicine, Children’s 
Hospital of Pittsburgh of UPMC  
Pittsburgh, PA, USA
closeag@upmc.edu

Pierre Comizzoli, DVM, PhD
Center for Species Survival, Smithsonian 
Conservation Biology Institute  
Front Royal, VA, USA
comizzolip@si.edu

Kristine S. Corkum, MD
Division of Pediatric Surgery  
Ann and Robert H. Lurie Children’s  
Hospital of Chicago  
Chicago, IL, USA

Department of Surgery  
Northwestern University Feinberg School 
of Medicine  
Chicago, IL, USA
Kristine.corkum@northwestern.edu

Susan L. Crockin, JD
Georgetown U. Law Center, O’Neill Center  
for National & Global Health Law  
Washington, DC, USA
slcrockin@crockinlaw.com

Aarati Didwania, MD, MSCI
Division of General Internal Medicine  
Northwestern University Feinberg  
School of Medicine  
Chicago, IL, USA
Aarati.Didwania@nm.org

Contributors

mailto:ritacfc@hotmail.com
mailto:alexandra.fernandes.carvalho@gmail.com
mailto:rajeev.chaudhry@chp.edu
mailto:mchehin@huntington.com.br
mailto:dichen@luriechildrens.org
mailto:Brooke.Cherven@choa.org
mailto:tulin.cil@uhn.ca
mailto:mclayman@air.org
mailto:marla.clayman@gmail.com
mailto:closeag@upmc.edu
mailto:comizzolip@si.edu
mailto:Kristine.corkum@northwestern.edu
mailto:slcrockin@crockinlaw.com
mailto:Aarati.Didwania@nm.org


XX

Jeffrey S. Dungan, MD
Division of Clinical Genetics, Department of 
Obstetrics and Gynecology,  Feinberg School 
of Medicine, Northwestern University  
Chicago, IL, USA
jdungan@nm.org

Adam S. DuVall, MD, MPH
Oregon Health & Science University  
Knight Cancer Institute  
Portland, OR, USA
duvalad@ohsu.edu

Maxwell E. Edmonds, BS, BA,  
MD/PhD Candidate
Northwestern Feinberg School  
of Medicine, OB/GYN  
Chicago, IL, USA
maxwell.edmonds@northwestern.edu

Thomas Einzmann, MD
Department of Obstetrics and 
Gynecology, Medical Faculty  
University of Cologne  
Cologne,  Germany

Jason Elliott, MD, MSc, BSc,  
FRCSC, FRCSC
Department of Obstetrics, Gynecology & 
Reproductive Sciences, Heartland Fertility 
Clinic, University of Manitoba  
Winnipeg, MB, Canada
jelliott@hsc.mb.ca

Nanette Elster, JD, MPH
Stritch School of Medicine,  
Neiswanger Institute for Bioethics,  
Loyola University Chicago  
Chicago, IL, USA
nanetteelster@sbcglobal.net

Yuting Fan, MD, PhD
Infertility Center of St. Louis  
St. Louis, MO, USA
sysufanyut@gmail.com

Courtney Finlayson, MD
Assistant Professor, Division of Endocrinology 
Department of Pediatrics 
Ann & Robert H. Lurie Children’s Hospital of 
Chicago, Northwestern University Feinberg 
School of Medicine  
Chicago, IL, USA
cfinlayson@luriechildrens.org

Joyce Fioravanti, BSc
Huntington Medicina Reprodutiva  
São Paulo, SP, Brazil
jfioravanti@huntington.com.br

Chelsea Webb Fox, MD
Division of Reproductive Endocrinology and 
Infertility and Moores Cancer Center,  
University of California San Diego  
La Jolla, CA, USA
cwfox@ucsd.edu

Patrick J. Fox, MD
Department of Urology  
University of Pittsburgh School of Medicine, 
Children’s Hospital of Pittsburgh of UPMC 
Pittsburgh, PA, USA
foxpj@upmc.edu

Erika D. Friehling, MD
Division of Pediatric Hematology/Oncology 
Department of Pediatrics  
University of Pittsburgh School of Medicine, 
Children’s Hospital of Pittsburgh of UPMC 
Pittsburgh, PA, USA
erika.friehling@chp.edu

Kathrin Gassei, PhD
Department of Obstetrics  
Gynecology and Reproductive Sciences, 
Magee-Womens Research Institute,  
University of Pittsburgh School of Medicine 
Pittsburgh, PA, USA
gasseik@upmc.edu

Allison L. Goetsch, MS
Department of Pediatrics, Northwestern 
University Feinberg School of Medicine 
Chicago, IL, USA

Division of Genetics, Birth Defects  
and Metabolism, Ann and Robert H. Lurie 
Children’s Hospital of Chicago  
Chicago, IL, USA
agoetsch@luriechildrens.org

Kara N. Goldman, MD
Department of Obstetrics and Gynecology  
New York University Langone Medical Center 
New York, NY, USA

 Northwestern University Feinberg 
School of Medicine  
Chicago, IL, USA
kara.goldman@nyumc.org

 Contributors

mailto:jdungan@nm.org
mailto:duvalad@ohsu.edu
mailto:maxwell.edmonds@northwestern.edu
mailto:jelliott@hsc.mb.ca
mailto:nanetteelster@sbcglobal.net
mailto:sysufanyut@gmail.com
mailto:cfinlayson@luriechildrens.org
mailto:jfioravanti@huntington.com.br
mailto:cwfox@ucsd.edu
mailto:foxpj@upmc.edu
mailto:erika.friehling@chp.edu
mailto:gasseik@upmc.edu
mailto:agoetsch@luriechildrens.org
mailto:kara.goldman@nyumc.org


XXI

Veronica Gomez-Lobo, MD
Department of Women and Infant 
Services, Department of Surgery 
 MedStar Washington Hospital Center, 
Children’s National Medical Center  
Washington, DC, USA
veronica.gomez-lobo@medstar.net

Jessica R. Gorman, PhD, MPH
Oregon State University, College of Public 
Health and Human Sciences  
Corvallis, OR, USA
Jessica.Gorman@oregonstate.edu

Yasmin Gosiengfiao, MD
Hematology, Oncology & Stem Cell  
Transplantation, Ann & Robert H. Lurie 
Children’s Hospital of Chicago  
Chicago, IL, USA
ygosiengfiao@hotmail.com

Tamas Gotz, MD
Department of Obstetrics and Gynaecology 
University of Calgary  
Calgary, AB, Canada
tamas.gotz2@ahs.ca
gotz@ualberta.ca

Clarisa R. Gracia, MD, MSCE
Department of Obstetrics and Gynecology 
University of Pennsylvania  
Philadelphia, PA, USA
cgracia@obgyn.upenn.edu

Ashley Graul, MD
Department of Gynecologic Oncology 
University of Pennsylvania  
Philadelphia, PA, USA
Ashley.Graul@uphs.upenn.edu

Katherine B. Greenberg, MD
Department of Pediatrics and Obstetrics  
and Gynecology, University of Rochester  
School of Medicine & Dentistry  
Rochester, NY, USA
Katherine_greenberg@urmc.rochester.edu

Ellen M. Greenblatt, BSc, MDCM
Department of Obstetrics and Gynecology 
Division of Reproductive Endocrinology  
and Infertility, Sinai Health System  
Toronto, ON, Canada
egreenblatt@mtsinai.on.ca

Daniel M. Green, MD
Department Epidemiology and Cancer Control 
Division of Cancer Survivorship, Department of 
Oncology, St. Jude Children’s Research Hospital 
Memphis, TN, USA
Daniel.green@stjude.org

Joshua A. Halpern, MD, MS
Department of Urology 
 Weill Cornell Medicine  
New York, NY, USA
gro.pyn@1302haj.com

Jinglan Han, BSc, MD, FRCSC
Department of Obstetrics and Gynecology 
Mount Sinai Fertility  
Toronto, ON, Canada
jinglan519@gmail.com

Brandon Hayes-Lattin, MD
Oregon Health & Science University,  
Knight Cancer Institute  
Portland, OR, USA
hayeslat@ohsu.edu

Jason C. Hedges, MD, PhD
Department of Urology  
Oregon Health & Science University  
Portland, OR, USA
hedgesja@ohsu.edu

Olivia Higgins, MD
Department of Obstetrics and Gynecology 
University of Rochester School of  
Medicine & Dentistry  
Rochester, NY, USA
olivia_higgins@urmc.rochester.edu

Holly R. Hoefgen, MD
Pediatric & Adolescent Gynecology  
Washington University School of Medicine/ 
St. Louis Children’s Hospital  
St. Louis, MO, USA
hollyhoefgen@wustl.edu

Michael H. Hsieh, MD, PhD
Department of Surgery, Division of Urology 
Children’s National Medical Center  
Washington, DC, USA
mhsieh@cnmc.org

Contributors

mailto:veronica.gomez-lobo@medstar.net
mailto:Jessica.Gorman@oregonstate.edu
mailto:ygosiengfiao@hotmail.com
mailto:tamas.gotz2@ahs.ca
mailto:gotz@ualberta.ca
mailto:cgracia@obgyn.upenn.edu
mailto:Ashley.Graul@uphs.upenn.edu
mailto:Katherine_greenberg@urmc.rochester.edu
mailto:egreenblatt@mtsinai.on.ca
mailto:Daniel.green@stjude.org
mailto:gro.pyn@1302haj.com
mailto:jinglan519@gmail.com
mailto:hayeslat@ohsu.edu
mailto:hedgesja@ohsu.edu
mailto:olivia_higgins@urmc.rochester.edu
mailto:hollyhoefgen@wustl.edu
mailto:mhsieh@cnmc.org


XXII

I-Shen Huang, MD
Department of Urology  
School of Medicine,  
National Yang-Ming University  
Taipei, Taiwan

Department of Urology  
Taipei Veterans General Hospital  
Taipei, Taiwan
sabien.tw@gmail.com

Evgenia Isachenko, PhD
Department of Obstetrics and 
Gynecology, Medical Faculty  
University of Cologne  
Cologne,  Germany

Vladimir Isachenko, PhD
Department of Obstetrics and 
Gynecology, Medical Faculty  
University of Cologne  
Cologne,  Germany

Hideyuki Iwahata, MD, PhD
Department of Obstetrics and Gynecology 
Northwestern University  
Chicago, IL, USA

Department of Obstetrics and Gynecology  
St. Marianna University School of Medicine 
Kawasaki, Kanagawa, Japan
iwahata.hideyuki@northwestern.edu

Yuriko Iwahata, MD
Department of Obstetrics and Gynecology 
Northwestern University  
Chicago, IL, USA

Department of Obstetrics and Gynecology  
St. Marianna University School of Medicine 
Kawasaki, Kanagawa, Japan
smz.yuriko@gmail.com

Thomas M. Jaffe, MD
Department of Urology  
University of Pittsburgh School of Medicine, 
Magee-Womens Hospital, University of 
Pittsburgh Medical Center  
Pittsburgh, PA, USA
JAFFETM2@UPMC.EDU

Jason Jarin, MD
Department of Obstetrics and Gynecology 
University of Texas Southwestern Medical Center  
Dallas, TX, USA
Jason.Jarin@UTSouthwestern.edu

Jacqueline S. Jeruss, MD, PhD, Director
Michigan Medicine, University of Michigan, 
Rogel Cancer Center  
Ann Arbor, MI, USA

Breast Care Center  
Ann Arbor, MI, USA
jjeruss@med.umich.edu

Emilie K. Johnson, MD, MPH
Assistant Professor, Division of Urology, 
Department of Surgery 
Ann & Robert H. Lurie Children’s Hospital of 
Chicago, Northwestern University Feinberg 
School of Medicine  
Chicago, IL, USA

Division of Urology 
Ann & Robert H. Lurie Children’s Hospital 
of Chicago  
Chicago, IL, USA
ekjohnson@luriechildrens.org

James A. Kashanian, MD
Weill Cornell Medicine – Urology,  
Weill Cornell Medical Center  
New York, NY, USA
jak9111@med.cornell.edu

Anne Katz, PhD, RN, FAAN, RN, PhD
CancerCare Manitoba, Prostate Center 
Winnipeg, MB, Canada
akatz2@cancercare.mb.ca

Kazuhiro Kawamura, MD, PhD
Department of Obstetrics and Gynecology  
St. Marianna University School of Medicine 
Kawasaki, Kanagawa, Japan
kawamurak@marianna-u.ac.jp

Mohamed Khrouf, MD
Gynecology, Obstetrics and Reproductive 
 Medicine Department, Aziza Othmana 
University Hospital  
Tunis, Tunisia

Faculté de Médecine de Tunis  
Tunis, Tunisia
moh.khrouf@gmail.com

 Contributors

mailto:sabien.tw@gmail.com
mailto:iwahata.hideyuki@northwestern.edu
mailto:smz.yuriko@gmail.com
mailto:JAFFETM2@UPMC.EDU
mailto:Jason.Jarin@UTSouthwestern.edu
mailto:jjeruss@med.umich.edu
mailto:ekjohnson@luriechildrens.org
mailto:jak9111@med.cornell.edu
mailto:akatz2@cancercare.mb.ca
mailto:kawamurak@marianna-u.ac.jp
mailto:moh.khrouf@gmail.com


XXIII

Selim Khrouf, MD
Hopital Abderrahmane Mami 
Tunis, Tunisia
selimkhrouf@gmail.com

Karen E. Kinahan, DNP, APN, FNP- BC
Division of Hematology and Oncology
Robert H. Lurie Comprehensive Cancer  
Center or Northwestern University  
Chicago, IL, USA
k-kinahan@northwestern.edu

Michael Kinnaman, MD
Pediatric Oncology, Memorial Sloan  
Kettering Cancer Center  
New York, NY, USA
kinnamam@mskcc.org

Caprice Knapp, PhD
Department of Health Policy and  
Administration 
Pennsylvania State University 
University Park, PA, USA
cxk47@psu.edu

Timothy Lautz, MD
Division of Pediatric Surgery  
Department of Surgery, Ann & Robert H. Lurie 
Children’s Hospital of Chicago  
Chicago, IL, USA

Northwestern University Feinberg  
School of Medicine  
Chicago, IL, USA
tlautz@luriechildrens.org

William Ledger, MD, PhD
School of Women’s and Children’s Health 
University of New South Wales  
Sydney, NSW, Australia

Fertility and Research Centre,  
Royal Hospital for Women, Randwick  
Sydney, NSW, Australia
w.ledger@unsw.edu.au

Jessica A. Lentscher, MD
Obstetrics and Gynecology,  
Madigan Army Medical Center  
Tacoma, WA, USA
jessica.a.lentscher.mil@mail.mil

Joseph Letourneau, MD
Department of OB/GYN  
University of Utah  
Salt Lake City, UT, USA
Joseph.letourneau@hsc.utah.edu

Jennifer Levine, MD, MSW
Pediatric Hematology and Oncology,  
Weill Cornell Medicine  
New York, NY, USA
jlevine@med.cornell.edu

Barbara A. Lockart, DNP, APN
Solid Tumors and Fertility Preservation  
Ann & Robert H. Lurie Children’s Hospital  
of Chicago  
Chicago, IL, USA
BLockart@luriechildrens.org

André Lopes, MD
Instituto Brasileiro de Controle do Câncer,  
São Paulo, SP, Brazil

Hospital Paulistano,  
São Paulo, SP, Brazil
andrelopes1002@hotmail.com

Sebastian Ludwig, MD
Department of Obstetrics and 
Gynecology, Medical Faculty  
University of Cologne  
Cologne,  Germany

Peter Mallmann, MD
Department of Obstetrics and 
Gynecology, Medical Faculty  
University of Cologne  
Cologne,  Germany

Sharrón Manuel, MD, PhD
Prentice Women’s Hospital  
Department of Obstetrics and Gynecology, 
Feinberg School of Medicine,  
Northwestern University  
Chicago, IL, USA
sharronmanuel2019@u.northwestern.edu

Contributors

mailto:selimkhrouf@gmail.com
mailto:k-kinahan@northwestern.edu
mailto:kinnamam@mskcc.org
mailto:cxk47@psu.edu
mailto:tlautz@luriechildrens.org
mailto:w.ledger@unsw.edu.au
mailto:jessica.a.lentscher.mil@mail.mil
mailto:Joseph.letourneau@hsc.utah.edu
mailto:jlevine@med.cornell.edu
mailto:BLockart@luriechildrens.org
mailto:andrelopes1002@hotmail.com
mailto:sharronmanuel2019@u.northwestern.edu


XXIV

Jeffrey H. Margolis, MD
Division of Clinical Hematology and Medical 
Oncology, Rose Cancer Treatment Center, 
William Beaumont Hospital  
Royal Oak, MI, USA
Jeffmargolis@me.com

Jamie A. M. Massie, MD
Obstetrics and Gynecology,  
Madigan Army Medical Center  
Tacoma, WA, USA
jamie.a.massie2.mil@mail.mil

Eileen McMahon, RN(EC), MN, PNC(C)
Department of Obstetrics and Gynaecology/
Mount Sinai Fertility, Mount Sinai Hospital 
Toronto, ON, Canada
Eileen.mcmahon@sinaihealthsystem.ca

Lillian R. Meacham, MD
Department of Pediatrics, Emory University 
School of Medicine, Aflac Cancer Center/
Children’s Healthcare of Atlanta  
Atlanta, GA, USA
Lillian.meacham@emory.edu

Michael S. Mersol-Barg, MD
Michigan Reproductive Medicine  
Bloomfield Hills, MI, USA
mikemb@mireproductivemedicine.com

David M. Mintzer, MD
Abramson Cancer Center at Pennsylvania 
Hospital  
Philadelphia, PA, USA
david.mintzer@uphs.upenn.edu

Fehmi Msaddak, MD
Hematology Department, Military Hospital 
of Tunis, Faculté de Médecine de Tunis  
Tunis, Tunisia
fehmimsadek@gmail.com

Lívia Munhoz, MD
Huntington Medicina Reprodutiva  
São Paulo, SP, Brazil
lmunhoz@huntington.com.br

Devin Murphy, MSW, OMSIII
Edward Via College of Osteopathic Medicine 
Auburn, AL, USA
dmurphy@auburn.vcom.edu

Seema Niphadkar, DO
Drexel University College of Medicine
Division of Hematology/Oncology 
Philadelphia, PA, USA

Abington Hospital – Jefferson Health 
Abington, PA, USA
seema721@gmail.com

Kyle E. Orwig, PhD
Department of Obstetrics  
Gynecology and Reproductive Sciences, 
Magee-Womens Research Institute,  
University of Pittsburgh School of Medicine 
Pittsburgh, PA, USA
orwigke@upmc.edu

Bansari G. Patel, MD
Obstetrics and Gynecology 
Reproductive Medicine  
Wake Forest Baptist Health 
 Winston-Salem, NC, USA
bgpatel@wakehealth.edu

Mary Ellen Pavone, MD, MSCI
OB/GYN, Division of Reproductive 
 Endocrinology and Infertility  
Northwestern Memorial Hospital  
Chicago, IL, USA
m-pavone@northwestern.edu
Maryellen.pavone@nm.org

Jana Pittman, MSc
School of Medicine, Western Sydney University 
Sydney, NSW, Australia
jana@janapittman.com

Gwendolyn P. Quinn, PhD, MS, BS
Department of Obstetrics and Gynecology  
New York University  
New York, NY, USA
gwendolyn.quinn@nyumc.org

Gohar Rahimi, MD
Department of Obstetrics and 
Gynecology, Medical Faculty  
University of Cologne  
Cologne,  Germany

 Contributors

mailto:Jeffmargolis@me.com
mailto:jamie.a.massie2.mil@mail.mil
mailto:Eileen.mcmahon@sinaihealthsystem.ca
mailto:Lillian.meacham@emory.edu
mailto:mikemb@mireproductivemedicine.com
mailto:david.mintzer@uphs.upenn.edu
mailto:fehmimsadek@gmail.com
mailto:lmunhoz@huntington.com.br
mailto:dmurphy@auburn.vcom.edu
mailto:seema721@gmail.com
mailto:orwigke@upmc.edu
mailto:bgpatel@wakehealth.edu
mailto:m-pavone@northwestern.edu
mailto:Maryellen.pavone@nm.org
mailto:jana@janapittman.com
mailto:gwendolyn.quinn@nyumc.org


XXV

Joyce D. Reinecke, AB, JD
Alliance for Fertility Preservation (501 ©(3)) 
Lafayette, CA, USA
joyce@allianceforfertilitypreservation.org
jdreinecke@live.org

Chad Ritenour, MD
Division of Men’s Health/Infertility  
and General Urology, Department of Urology  
Emory University  
Atlanta, GA, USA
criteno@emory.edu

Erin Rowell, MD
Division of Pediatric Surgery, Ann and Robert 
H. Lurie Children’s Hospital of Chicago  
Chicago, IL, USA

Department of Surgery, Northwestern 
University Feinberg School of Medicine 
Chicago, IL, USA
erowell@luriechildrens.org

Mahmoud Salama, MD, PhD
Department of Obstetrics and 
Gynecology, Medical Faculty  
University of Cologne  
Cologne, Germany

Department of Obstetrics and Gynecology 
Feinberg School of Medicine, 
Northwestern University  
Chicago, IL, USA
Mahmoud.salama@uk-koeln.de

John M. Salsman, PhD
Associate Professor, Director of Clinical Research 
in Adolescent and Young Adult Oncology 
Department of Social Sciences and Health Policy 
Wake Forest School of Medicine  
Winston- Salem, NC, USA
jsalsman@wakehealth.edu

Amani Sampson, BA
Department of Obstetrics and Gynecology  
New York University School of Medicine  
New York, NY, USA
amani.sampson@nyumc.org

Matthew B. Schabath, PhD
H. Lee Moffitt Cancer Center & Research 
Institute, Cancer Epidemiology,  
University of South Florida  
Tampa, FL, USA
matthew.schabath@moffitt.org

Dana Marie Scott, MD
Michigan Medicine, University of Michigan, 
Rogel Cancer Center  
Ann Arbor, MI, USA
danamarie.scott@gmail.com

Ivana Sehovic-Neff, MPH
Department of Research Integrity &  
Compliance, University of South Florida  
Tampa, FL, USA
isehovic@usf.edu

Divya Kelath Shah, MD, MME
Reproductive Endocrinology and Infertility, 
Department of Obstetrics and Gynecology, 
University of Pennsylvania  
Philadelphia, PA, USA
divya.shah@uphs.upenn.edu

Nikita M. Shah, MD
Michigan Medicine, University of Michigan, 
Rogel Cancer Center  
Ann Arbor, MI, USA
nikitamshah@gmail.com

Jacquelyn Shaw, MD
Department of Obstetrics and Gynecology  
Northwestern University, New York University 
Langone Medical Center 
New York, NY, USA
jacquelyn.shaw@nyumc.org

Kathleen Shea, MS, CPNP
Pediatric Hematology/Oncology/Stem Cell 
Transplantation  
Columbia University Medical Center  
New York, NY, USA
kas10@cumc.columbia.edu

Ksenya Shliakhsitsava, MD
Division of Pediatric Hematology and Oncology 
Rady Children’s Hospital-San Diego  
San Diego, CA, USA
kshliakhtsitsava@ucsd.edu

Lee P. Shulman
Division of Clinical Genetics,  
Department of Obstetrics and Gynecology 
Feinberg School of Medicine,  
Northwestern University  
Chicago, IL, USA
lee.shulman@nm.org

Contributors

mailto:joyce@allianceforfertilitypreservation.org
mailto:jdreinecke@live.org
mailto:criteno@emory.edu
mailto:erowell@luriechildrens.org
mailto:Mahmoud.salama@uk-koeln.de
mailto:jsalsman@wakehealth.edu
mailto:amani.sampson@nyumc.org
mailto:matthew.schabath@moffitt.org
mailto:danamarie.scott@gmail.com
mailto:isehovic@usf.edu
mailto:divya.shah@uphs.upenn.edu
mailto:nikitamshah@gmail.com
mailto:jacquelyn.shaw@nyumc.org
mailto:kas10@cumc.columbia.edu
mailto:kshliakhtsitsava@ucsd.edu
mailto:lee.shulman@nm.org


XXVI

Sherman Silber, MD
Infertility Center of St. Louis 
St. Louis, MO, USA
silber@infertile.com

Elizabeth Sniderman, MSN
Division of Hematology, Oncology and Stem 
Cell Transplant, Department of Pediatrics  
Ann & Robert H. Lurie Children’s  
Hospital of Chicago  
Chicago, IL, USA
liz.sniderman@stjude.org

Nucharin Songsasen, DVM, PhD
Center for Species Survival,  
Smithsonian Conservation Biology Institute  
Front Royal, VA, USA
songsasenn@si.edu

Ana Paula Sousa, PhD
Center for Fertility Preservation  
Reproductive Medicine Unit  
Centro Hospitalar e Universitário de Coimbra  
Coimbra, Portugal

Center for Neuroscience and Cell Biology 
University of Coimbra  
Coimbra, Portugal
anapauladesousa.apms@gmail.com

H. Irene Su, MD, MSCE
Division of Reproductive Endocrinology  
and Infertility and Moores Cancer Center  
University of California San Diego  
La Jolla, CA, USA
hisu@ucsd.edu

Nao Suzuki, MD, PhD
Department of Obstetrics and Gynecology  
St. Marianna University School of Medicine 
Kawasaki, Kanagawa, Japan
nao@marianna-u.ac.jp

Seido Takae, MD, PhD
Department of Obstetrics and Gynecology  
St. Marianna University School of Medicine  
Kawasaki, Kanagawa, Japan
s2takae@marianna-u.ac.jp

Christina Tamargo, BA
University of Miami, Miller School of Medicine  
Miami, FL, USA
christina.tamargo@med.miami.edu

Alexis Thompson, MD, MPH
Department of Hematology Oncology 
Transplantation Ann and Robert H. Lurie 
Children’s Hospital of Chicago  
Chicago, IL, USA
a-thompson@northwestern.edu

Susan Thomas Vadaparampil,  
PhD, MHSE, MPH, BS
Department of Health Outcomes and Behavior 
Program  
Moffitt Cancer Center  
Tampa, FL, USA

Department of Oncologic Sciences  
Moffitt Cancer Center and Research Institute,  
Health Outcomes & Behavior Program,  
University of South Florida,  
Morsani College of Medicine  
Tampa, FL, USA

H. Lee Moffitt Cancer Center & Research 
Institute, University of South Florida  
Tampa, FL, USA
susan.vadaparampil@moffitt.org

Hanna Valli-Pulaski, PhD
Department of Obstetrics, Gynecology and 
 Reproductive Sciences, Magee-Womens 
Research Institute, University of Pittsburgh 
School of Medicine  
Pittsburgh, PA, USA
vallih2@upmc.edu

Wendy S. Vitek, MD
Department of Pediatrics and Obstetrics 
and  Gynecology 
University of Rochester School  
of Medicine & Dentistry  
Rochester, NY, USA
wendy_vitek@urmc.rochester.edu

Andrew F. Wagner, MD
Division of Clinical Genetics, Department of 
Obstetrics and Gynecology, Feinberg School of 
Medicine, Northwestern University  
Chicago, IL, USA
andrew.wagner@nm.org

Marissa Steinberg Weiss, MD
Department of Obstetrics & Gynecology  
University of Pennsylvania  
Philadelphia, PA, USA
marissa.weiss@uphs.upenn.edu

 Contributors

mailto:silber@infertile.com
mailto:liz.sniderman@stjude.org
mailto:songsasenn@si.edu
mailto:anapauladesousa.apms@gmail.com
mailto:hisu@ucsd.edu
mailto:nao@marianna-u.ac.jp
mailto:s2takae@marianna-u.ac.jp
mailto:christina.tamargo@med.miami.edu
mailto:a-thompson@northwestern.edu
mailto:susan.vadaparampil@moffitt.org
mailto:vallih2@upmc.edu
mailto:wendy_vitek@urmc.rochester.edu
mailto:andrew.wagner@nm.org
mailto:marissa.weiss@uphs.upenn.edu


XXVII

Lynn M. Westphal, MD
Obstetrics and Gynecology,  
Stanford University School of Medicine  
Stanford, CA, USA
lynnw@stanford.edu

Terri L. Woodard, MD
Department of Gynecologic Oncology  
and Reproductive Medicine 
The University of Texas MD Anderson  
Cancer Center  
Houston, TX, USA

Division of Reproductive Endocrinology and 
Infertility, Baylor College of Medicine  
Houston, TX, USA
tlwoodard@mdanderson.org

Carley Zeal, MD, MPH
Department of Obstetrics and Gynecology  
Washington University in  
St. Louis – Barnes Jewish Hospital  
St. Louis, MO, USA
cjzeal@wustl.edu

Fethi Zhioua, MD
Gynecology, Obstetrics and Reproductive 
 Medicine Department, Aziza Othmana 
University Hospital  
Tunis, Tunisia

Faculté de Médecine de Tunis  
Tunis, Tunisia
zhiouafethi@gmail.com

Rhonda Zwingerman,  
MD, MSc, FRCSC, FRCSC
Department of Obstetrics and Gynaecology  
University of Toronto  
Toronto, ON, Canada
Rhonda.Zwingerman@sinaihealthsystem.ca

Contributors

mailto:lynnw@stanford.edu
mailto:tlwoodard@mdanderson.org
mailto:cjzeal@wustl.edu
mailto:zhiouafethi@gmail.com
mailto:Rhonda.Zwingerman@sinaihealthsystem.ca


Abbreviations

AAP American Academy of Pediatrics

ACOG  American College of Obstetricians 
and Gynecologists

AMH Anti-Müllerian hormone

ART Assisted reproductive technology

ASCO  American Society of Clinical 
Oncology

AYA Adolescent and young adult

BPA Bisphenol A

CDC  Centers for Disease Control  
and Prevention

DES Diethylstilbestrol

DHEA Dehydroepiandrosterone

DSDs Disorders of sexual development

DSM  Diagnostic and Statistical Manual of 
Mental Disorders

ESHRE  European Society of Human 
Reproduction and Embryology

FP Fertility preservation

FSH Follicle-stimulating hormone

GD Gender dysphoria

GnRH Gonadotropin-releasing hormone

HPG Hypothalamic-pituitary-gonadal

IOM Institute of Medicine

LGBTQ  Lesbian, gay, bisexual, transsexual/
transgender, queer/questioning

LH Luteinizing hormone

NCCN  National Comprehensive Cancer 
Network

PCBs Polychlorinated biphenyls

PCOS Polycystic ovarian syndrome

PESA Percutaneous sperm aspiration

QoL Quality of life

TESA Testicular sperm aspiration

TESE Testicular sperm extraction

WHO World Health Organization

WPATH  World Professional Association for 
Transgender Health



1 I

Fertility Implications 
in Oncologic and 
Non-oncologic 
 Settings
Contents

 Chapter 1  Fertility Risk with Cancer Therapy – 3
Leslie Coker Appiah and Daniel M. Green

 Chapter 2  Childhood, Adolescent, and Young  
Adult Cancer: Fertility Implications  
and Clinical Practice – 15
Karen E. Kinahan, Barbara A. Lockart,  
Christina E. Boots, and Aarati Didwania

 Chapter 3  Cancer Genetics: Risks and Mechanisms  
of Cancer in Women with Hereditary  
Predisposition to Epithelial Ovarian  
Cancer – 29
Andrew F. Wagner, Lee P. Shulman,  
and Jeffrey S. Dungan

 Chapter 4  Fertility Preservation in Patients  
with Disorders (Differences) of Sex  
Development – 45
Diane Chen, Emilie K. Johnson,  
and Courtney Finlayson

 Chapter 5  Fertility Preservation in Patients  
with Gender Dysphoria – 55
Jason Jarin, Emilie K. Johnson,  
and Veronica Gomez-Lobo



© Springer Nature Switzerland AG 2019
T. K. Woodruff et al. (eds.), Textbook of Oncofertility Research and Practice,  
https://doi.org/10.1007/978-3-030-02868-8_1

3 1

Fertility Risk with Cancer 
Therapy
Leslie Coker Appiah and Daniel M. Green

1.1  Introduction – 4

1.2  Estimating Risk – 4
1.2.1  Males – 4
1.2.2  Females – 6

1.3  Minimizing Risk – 7
1.3.1  Gonadotropin-Releasing Hormone Agonist – 7
1.3.2  Anti-Mullerian Hormone – 9
1.3.3  Imatinib – 9
1.3.4  Bone Marrow-Derived Mesenchymal Stem Cells – 9
1.3.5  Sphingosine-1-Phosphate (S1P) – 10
1.3.6  Tamoxifen – 10
1.3.7  AS101 – 10
1.3.8  Granulocyte Colony-Stimulating Factor (G-CSF) – 11

1.4  Conclusion – 11

 References – 11

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-02868-8_1&domain=pdf


4

1
1.1  Introduction

The incidence of cancer has slowly stabilized with 
1.7 million new cases estimated in 2018 [1]. Of 
those, 10,270 are estimated to occur in the pediat-
ric population ages 0–14 with 70,000 in the adoles-
cent and young adult (AYA) population ages 
15–39. Advances in cancer treatments have signifi-
cantly improved the outcome for pediatric cancers, 
with 80% of children now surviving 5  years or 
more. Unfortunately, 5-year survival rates for 
AYAs remain lower at 70%. Reasons include differ-
ences in tumor biology, fewer available clinical tri-
als, lack of comprehensive insurance coverage, and 
barriers to access such as location, employment, 
and educational time constraints [2, 3]. With 
improvements in treatment, there are estimated to 
be 500,000 childhood cancer survivors by 2020, 
and 1  in 25 will be of reproductive age. 
Compromised fertility occurs in 12% and 66% of 
at-risk female and male survivors of childhood 
cancer [4]. Manifestations of gonadal injury 
include disordered puberty from hormonal defi-
ciency, decreased reproductive and sexual func-
tion, psychosocial effects, and menopause- related 
health problems in female survivors such as geni-
tourinary syndrome of menopause and cardiac, 
skeletal, and cognitive dysfunction [5, 6]. Standard 
options for fertility preservation include sperm, 
oocyte, and embryo banking. Investigational 
options include testicular, ovarian, and immature 
oocyte cryopreservation [7, 8]. Most options are 
invasive and costly, and standard options in 
females require an average of 10–12 days for stim-
ulation and retrieval prior to cancer treatment. 
Estimating risk prior to therapy allows determina-
tion and implementation of the appropriate fertil-
ity-preserving therapies. Minimizing risk prior to 
therapy may mitigate the need for invasive and 
costly fertility-preserving therapies while preserv-
ing hormonal function after cancer treatment.

1.2  Estimating Risk

Assessment of fertility risk should be undertaken 
prior to the initiation of therapy to optimize fer-
tility preservation outcomes. Surgical proce-
dures, radiation therapy, and chemotherapy can 
each produce impaired fertility (. Table  1.1). 

Gametogenesis and hormone production are dif-
ferentially sensitive to treatment exposures in 
males, whereas these two functions are tightly 
linked in females. The risk factors for impaired 
fertility differ for males and females.

1.2.1  Males

Testicular surgery can affect the production of 
sperm and hormones or interfere with the trans-
port of sperm [9]. Injury of the gonadotropin- 
releasing hormone area of the hypothalamus and/
or the gonadotropin-producing anterior pituitary 
can also result in impaired spermatogenesis and 
sex steroid production [10]. Impaired transport 
may occur from damage to autonomic nervous 
system control of urethral sphincters and/or vaso-
dilation secondary to retroperitoneal lymph node 
dissection or prostatectomy.

Testicular tissue is extremely radiosensitive with 
only small amounts of direct radiation required to 
cause significant impairment in spermatogenesis 
and hormone production [11] (. Fig.  1.1). Direct 
testicular radiation has a greater effect on sper-
matogenesis than hormone  production with imma-
ture stem cells and spermatogonia being most 
sensitive. Testicular irradiation markedly reduces 
the number of spermatocytes 2–3 weeks post-ther-
apy with declines in ejaculated sperm counts by 
approximately 10 weeks. Azoospermia is typically 
present at 18 weeks post-therapy.

The effect of chemotherapy on spermatogene-
sis is dependent on the type of chemotherapeutic 
agent. Normal sperm count typically recovers by 
12  weeks post-therapy in patients treated with 
non-alkylators. However, spermatogenesis is very 
sensitive to damage by alkylating agents including 
nitrogen mustard, procarbazine, cyclophospha-
mide, ifosfamide, chlorambucil, and busulfan, 
with long-lasting effects on fertility [12]. The risk 
of azoospermia is approximately 10% when the 
cyclophosphamide equivalent dose is less than 
4 g/m2, whereas approximately one-half of indi-
viduals who receive more than this dose will not 
retain a normal sperm concentration [13]. The 
duration of sperm integrity after an initial course 
of chemotherapy is currently unknown; therefore, 
fertility preservation in males should be per-
formed prior to initiation of cancer treatments.

 L. C. Appiah and D. M. Green



5 1

       . Table 1.1 Effects of cancer therapy on male fertility

Treatment Effect on 
spermatogenesis 
and transport

Risk of infertility

Surgery

Removal of both testes Impaired 
production

100%

Removal of one testis Low

Damage to hypothalamic/
pituitary gonadotropin 
producing area

Low – spermatogenesis may be 
stimulated with exogenous gonado-
tropin

Retroperitoneal lymph node 
dissection

Impaired transport Variable – retrograde ejaculation; 
sperm production not impaired

Radiation 
therapy

Irradiation of testes Impaired 
production

Fertility very unlikely if testes dose 
>7.5 Gy

Irradiation of hypothalamic/
pituitary gonadotropin 
producing area

Dose-response relationship unclear; 
dose <30 Gy do not appear to 
produce damage

Chemotherapy Alkylating agents Impaired 
production

Cyclophosphamide equivalent dose 
(CED): <4 g/m2 – risk of azoospermia 
<15 % >4 g/m2 – risk of oligo- or 
azoospermia >50%

Time to
recovery

Time to onset of
oligo/azoospermia

Stage of germ
cells damaged

Radiation dose
(Gy)

9–18 months

30 months

> 5 years

Azoospermia <60 days

Spermatids

Spermatocytes

Oligospermia

Azoospermia 60 days

Spermatogonia

0 1 2 3 4 5

       . Fig. 1.1 Spermatogenesis following single-dose radiation. (Howell and Shalet [12])
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1.2.2  Females

Malignancies of the ovaries require surgical inter-
ventions that impair fertility and hormone pro-
duction by decreasing the number of follicles 
present and inciting scarring. Fertility-sparing 
surgery is the standard of care for the manage-
ment of early-stage, low-grade tumors in women 
who have not completed childbearing. Fertility- 
sparing options include cystectomy for tumors of 
low malignant potential (borderline tumors) and 
unilateral oophorectomy for malignancies [14–
16]. In the instance of cystectomy, the residual 
ovarian tissue is typically able to compensate if no 
chemotherapy or radiation is given. The impact of 
unilateral oophorectomy on the remaining ovar-
ian reserve remains controversial with some 
authors reporting a diminished reproductive win-
dow and others observing a compensatory 
response from the remaining ovary [17, 18]. Pelvic 
surgery for nongynecologic malignancies can also 
have a deleterious effect on ovarian function by 
cytokine production and the formation of pelvic 
adhesions with subsequent impaired folliculogen-
esis, ovulation, and tubal transport [19, 20].

Alkylating agents remain highly gonadotoxic 
in a dose-dependent fashion. Chemotherapeutic 
agents affect the mature follicle through DNA 
damage with subsequent apoptosis and tempo-
rary amenorrhea [21]. If the primordial follicle 
pool is unaffected, folliculogenesis and menses 
resume after completion of cancer treatment. 
However, resumption of menses does not provide 
evidence that ovulatory cycles have resumed or 
predict long-term ovarian function. Alkylating 
agents such as cyclophosphamide, busulfan, and 
nitrogen mustard are non-cell cycle specific and 
thus have a deleterious effect on the primordial 
follicles, increasing the likelihood of acute ovarian 
failure and diminished ovarian reserve pool after 
treatment [22]. The effect of heavy metals such as 
cisplatin and carboplatin on ovarian reserve 
remains an area of debate. Historically, heavy 
metals have been considered highly gonadotoxic 

[23]. Recent studies suggest that cisplatin and car-
boplatin may be categorized as low risk of acute 
ovarian failure [24]. The effect on long-term ovar-
ian reserve remains under investigation.

Radiation injury to the gonads is dose- 
dependent with younger age conferring protec-
tion. Greater than 2  Gy of ovarian irradiation 
results in a loss of 50% of ovarian follicles, 
described as the LD50 [25]. Doses greater than or 
equal to 15 Gy and 6 Gy in adult and prepubertal 
patients, respectively, result in infertility. Cortical 
fibrosis and irreversible damage to the uterus 
occur at abdominopelvic doses greater than 30 Gy 
[26]. Uterine injury caused by lower doses of 
radiation may be overcome with high-dose hor-
monal therapy. Radiation exposure to the hypo-
thalamus and pituitary gland greater than 30 Gy 
affects the production of gonadotropins with 
decreased folliculogenesis, decreased production 
of estrogen, and infertility [27].

Risk stratification from chemotherapy is based 
on the cumulative dose of alkylating agents 
received due to the high risk of gonadotoxicity. 
The alkylating agent dose (AAD) and the cyclo-
phosphamide equivalent dose (CED) risk- 
stratification systems allow the calculation of risk 
(. Fig.  1.2 and . Tables 1.2 and 1.3). Using the 
AAD, a score of 1, 2, or 3 is given for the cumula-
tive dose of alkylating agent that falls within the 
first, second, or third cumulative dose tertile, 
respectively. The scores for individual agents are 
summed. Patients with a score of 3 or 4 are at an 
increased risk of infertility with a relative risk of 
pregnancy of 0.72 and 0.65, respectively [51]. The 
CED is calculated by summing the cyclophospha-
mide equivalents for cyclophosphamide, ifos-
famide, procarbazine, chlorambucil, BCNU, 
CCNU, melphalan, thioTEPA, nitrogen mustard, 
and busulfan [52]. A CED >7.5 g/m2 is associated 
with a relative risk of premature menopause of 
4.19 (95% CI 2.18–8.08). The AAD is based on 
drug dose distribution from a specific cohort of 
patients from which the drug dose was derived, 
whereas the CED is derived from actual drug 

CED (mg/m2) = 1.0 (cumulative cyclophosphamide dose (mg/m2)) + 0.244 (cumulative
ifosfamide dose (mg/m2)) + 0.857 (cumulative procarbazine dose (mg/m2)) + 14.286
(cumulative chlorambucil dose (mg/m2)) + 15.0 (cumulative BCNU dose (mg/m2)) + 16.0
(cumulative CCNU dose (mg/m2)) + 40 (cumulative melphalan dose (mg/m2)) + 50
(cumulative Thio-TEPA dose (mg/m2)) + 100 (cumulative nitrogen mustard dose (mg/m2)) +
8.823 (cumulative busulfan dose (mg/m2)).

       . Fig. 1.2 Cyclophospha-
mide equivalent dose 
calculation

 L. C. Appiah and D. M. Green



7 1

doses and therefore has applicability independent 
of the study population. Risk stratification by the 
alkylating agent is performed prior to therapy to 
guide implementation of fertility preservation 
therapies based on risk. However, treatment regi-
mens may change during the course of therapy, 
and in such instances, cumulative dose and risk 
assessment may be recalculated post-therapy.

1.3  Minimizing Risk

As cancer survival rates improve and awareness of 
the effects of treatments on long-term health and 
fertility become widespread, consensus develops 
regarding the need for precision medicine and tar-
geted therapies. Research efforts in this area 
include the development of cancer treatments that 
destroy cancer cells while also protecting the ova-
ries. Conversely, several agents used to manage 
complications of cancer treatments are also under 
investigation. Well-studied agents that minimize 
risk include apoptosis inhibitors imatinib, AS101, 
S1P, G-CSF, bone marrow mesenchymal stem 

cells, and tamoxifen. GnRHa, tamoxifen, and 
G-CSF are the only agents studied in humans. 
Other therapies have shown promise in rodent 
and primate studies. However, concerns remain 
about interference with chemotherapeutic efficacy 
and perpetuation of damaged DNA cell lines with 
resultant fetal loss and/or malformation. Further 
studies are required to determine efficacy and 
safety in humans.

1.3.1  Gonadotropin-Releasing 
Hormone Agonist

Gonadotropin-releasing hormone agonist 
(GnRHa) therapy remains the most studied fer-
toprotective agent. Until recently, conflicting 
results restricted its use in oncology to men-
strual suppression and adjuvant endocrine ther-
apy to improve long-term survival in patients 
with breast cancer [53–55]. Reasons include the 
use of various GnRHa therapies between studies 
and a preponderance of retrospective and pro-
spective studies with short follow-up periods 

       . Table 1.2 Estimating risk: alkylating agent dose (AAD) [27]

Tertile distribution of alkylating agents in cumulative dose

Cumulative dose by tertile

Alkylating agent First Second Third

BCNU, mg/m2 1–300 301–529 530–3370

Busulfan, mg/m2 1–317 318–509 510–6845

CCNU, mg/m2 1–361 362–610 611–3139

Chlorambucil, mg/m2 1–165 166–634 635–3349

Parenteral cyclophosphamide, mg/m2 1–3704 3705–9200 9201–58,648

Oral cyclophosphamide, mg/m2 1–1722 4723–10,636 10,637–143,802

Ifosfamide, mg/m2 1–16,771 16,772–55,758 55,759–192,391

Melphalan, mg/m2 1–39 40–137 138–574

Nitrogen mustard, mg/m2 1–44 45–64 65–336

Procarbazine, mg/m2 1–4200 4201–7000 7001–58,680

Intrathecal thiotepa, mg 1–80 81–320 321–914

Thiotepa, mg/m2 1–77 78–220 221–3749

BCNU carmustine, CCNU lomustine
First tertile score is 1; second is 2; and third is 3
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1        . Table 1.3 Potential fertoprotective agents during cancer treatments

Potential 
fertoprotec-
tive agents 
during cancer 
treatments

Mechanism of 
action on ovary

Studies demonstrating 
protective effect

Studies demon-
strating no effect

Interactions with 
cytotoxic 
treatments

GnRH analog Direct effect on 
ovary is unclear; 
suppresses 
hypothalamic- 
pituitary- ovarian 
axis, possible 
ovarian quies-
cence

Rodent: Meirow et al. [28],  
Li et al. [29] Primate:  
Ataya et al. [30] Human: 
Badawy et al. [31], 
Sverrisdottir et al. [48], 
Del Mastro et al. [32], and 
Demeestere et al. [33]

Human: Gerber 
et al. [34], Munster 
et al. [35], Elgindy 
et al. [36], and 
Demeestere  
et al. [33]

No interference 
with treatment 
drugs

Imatinib Inhibit c-Abl 
kinase apoptosis 
pathway

Rodent: Gonfolini et al. 
(2009) Rodent:  
Kerr et al. [37]

May interfere with 
apoptotic action 
of chemotherapy 
drugs

Bone marrow 
mesenchymal 
stem cells

Tissue differentia-
tion, angiogen-
esis, 
anti-apoptosis

Rodent: Kilic et al. [38], Fu 
et al. [39], Rabbit: Abd-Allah 
et al. [40]

NTD May cause 
chemotherapy 
drug resistance 
with cisplatin

S1P Inhibit sphingo-
myelin apoptosis 
pathway

Rodent: Morita et al. [41], 
Jurisicova et al. [42], Hancke 
et al. [43], Kaya et al. [44] 
Primate: Zelinski et al. [45] 
Human xenograft: Zelinski 
et al. [45]

Rodent: Kaya 
et al. [44]

May interfere with 
apoptotic action 
of chemotherapy 
drugs

Potential 
fertoprotective 
agents during 
cancer 
treatments 
Protective 
agent

Mechanism of 
action on ovary

Studies demonstrating 
protective effect

Studies demon-
strating no effect

Interactions with 
cytotoxic 
treatments

Tamoxifen Anti-apoptotic 
activity; 
antioxidant 
activity via IGF-1 
axis; possible 
H-P-O axis 
suppression

Rodent: Ting et al. [46], 
Mahran et al. [47]

Human: 
Sverrisdottir  
et al. [48]

Adjuvant therapy; 
no interference 
with treatment 
drugs

AS101 Inhibits P13K/
PTEN Akt follicle 
activation 
pathway; 
anti-apoptosis

Rodent: Kalich-Philosoph 
et al. [49]

NTD No interference  
w/treatment drugs 
May have additive/
synergistic 
interaction  
w/treatment drugs

Growth-colony 
stimulating 
factor (G-CSF)

Unclear: possibly 
angiogenesis; 
anti-apoptosis

Rodent: Skaznik-Wikiel  
et al. [50]

NTD No interference 
with treatment 
drugs
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and less useful markers of fecundity such as 
return of menstrual function and FSH and estra-
diol levels [56–58]. Recent studies acknowledge 
that menses, FSH, and estradiol reflect current 
ovarian function but do not predict future func-
tion or likelihood of fertility and live birth. 
Endpoints in current literature more accurately 
reflect ovarian function and include pregnancy 
and longer follow- up periods up to 3 years [47, 
59, 60]. Meta- analysis of 29 randomized con-
trolled trials identified 10 studies that met inclu-
sion criteria and illustrated a protective effect of 
GnRHa therapy on ovarian function in patients 
with Hodgkin lymphoma and breast cancer OR 
1.83 (1.34–2.49) [47]. Updated ASCO guidelines 
reflect the current knowledge and state “when 
proven fertility preservation methods such as 
oocyte, embryo, or ovarian tissue cryopreserva-
tion are not feasible, and in the setting of young 
women with breast cancer, GnRHa may be 
offered to individuals in the hope of reducing the 
likelihood of chemotherapy- induced ovarian 
insufficiency” [8].

1.3.2  Anti-Mullerian Hormone

Anti-Mullerian hormone (AMH) has received 
significant attention over the last several years as 
an indirect marker of ovarian reserve. Recently 
investigators have assessed its role as an ovarian 
protective agent during gonadotoxic therapy as 
well as a contraceptive agent in mice [61, 62]. 
One of the mechanisms of chemotherapy-
induced ovarian failure is accelerated recruit-
ment of primordial follicles as a result of 
decreased AMH production after chemotherapy-
induced follicular death of growing follicles. 
Kano et  al. hypothesize that administration of 
AMH will inhibit recruitment and preserve the 
follicular pool. Indeed, they illustrate complete 
arrest of folliculogenesis, amenorrhea, and con-
traception after administration of superphysio-
logical parenteral doses of AMH using either an 
adeno-associated virus serotype 9 (AAV9) gene 
therapy vector or recombinant protein. Recovery 
of function was evidenced with transplantation 
of the ovarian tissue into another mouse or with 
discontinuation of therapy. Further studies are 
needed to replicate these findings and identify 
dose, route of administration, and utility in the 
human tissue.

1.3.3  Imatinib

Imatinib is a competitive tyrosine kinase inhibitor 
used for cancer treatment. Chemotherapy induces 
c-Abl-mediated upregulation of the tumor sup-
pressor protein p63 (a homolog of p53) with 
resultant apoptosis. Rodent studies show that, 
when given prior to cisplatin, imatinib is a potent 
inhibitor of c-Abl-mediated upregulation and 
blocks apoptosis of cells. Mice treated with ima-
tinib prior to cisplatin show reduced primordial 
follicular loss and normal progeny [63, 64]. 
However, other studies show no protection with 
imatinib in two independent mouse strains [37]. 
Additionally, investigators show that genetic 
effects on the oocyte result in early embryonic 
mortality and marked aneuploidy. There remain 
concerns regarding whether imatinib and 
cisplatin- treated oocytes that do not undergo 
apoptosis harbor DNA damage that may result in 
miscarriage or birth defects [65, 66]. The question 
also remains whether imatinib reduces the effi-
cacy of cisplatin on the primary tumor target 
while upregulating the effects of cisplatin in other 
cell types [67]. To date, there are no studies evalu-
ating the ovarian protective effect of imatinib in 
human subjects.

1.3.4  Bone Marrow-Derived  
Mesenchymal Stem Cells

Bone marrow-derived mesenchymal stem cells 
(MSC) have been used to treat various diseases 
because of their self-renewal capacity and multipo-
tency [68, 69]. For example, stems cells have been 
successful in tissue repair after spinal, renal, and 
myocardial injury [70, 71]. The potential benefit of 
stem cell therapy after acute tissue damage appears 
to be related to tissue integration and differentia-
tion to replace damaged cells, angiogenesis, and 
anti-apoptosis. Adult MSC have not been equivo-
cally proven to differentiate into follicles. However, 
several rodent studies have been conducted to 
assess the role of MSC as an ovarian protection 
agent during chemotherapy. Kilic et  al. showed 
preservation of primordial and primary follicles in 
in vivo rat MSC studies, suggesting that MSC may 
preferentially migrate to the injured follicular cells 
and repair the ovarian tissue by decreased pro-
grammed cell death [38]. Similarly, Fu et al. dem-
onstrated an increase in follicle number, as well as 
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a normalization of FSH and estradiol levels, after 
several weeks in rodents treated with MSC after 
cyclophosphamide therapy [39]. They also illus-
trated in  vitro production of the angiogenic and 
anti-apoptotic cytokines vascular endothelial 
growth factor (VEGF), insulin- like growth factor 
(IGF-1), and hepatocyte growth factor (HGF) 
from MSC. Effects of therapy on progeny were not 
assessed in either study. Abd-Allah et  al. further 
demonstrated MSC protection of ovarian follicles 
in rabbit studies and were able to show in  vivo 
cytokine production [40]. Despite the potential 
promise of MSC as an ovarian protection agent, 
studies of MSC injected intravenously in rodent 
models have shown MSC-mediated resistance to 
chemotherapeutics, specifically cisplatin [72]. 
More importantly, there remain no studies of the 
efficacy of MSC as an ovarian protective agent in 
human  tissue.

1.3.5  Sphingosine-1-Phosphate 
(S1P)

Sphingosine-1-phosphate is a naturally occurring 
sphingolipid, which exerts anti-apoptotic effects 
by inhibiting ceramide-induced cell death [73]. 
The sphingomyelin pathway is one of several 
pathways that trigger apoptosis of ovarian folli-
cles. Sphingomyelin is degraded to ceramide, a 
pro-apoptotic agent. Ceramide is subsequently 
degraded to sphingosine and then sphingosine- 1- 
phosphate (S1P) through hydrolysis. Sphingosine- 
1- phosphate regulates proliferative cellular 
processes including cell growth and cell differen-
tiation and inhibits apoptosis [43]. Early in vivo 
mouse studies of ovarian tissue xenografts treated 
with S1P show increased vascular density and 
angiogenesis with reduced follicular apoptosis. 
Several investigators have since provided evi-
dence to illustrate that S1P improves the success 
of human ovarian tissue transplantation by 
enhancing and accelerating angiogenesis and 
stromal proliferation [74] and protects human 
primordial follicles from chemotherapy-induced 
apoptosis [75]. Recent in vitro studies in human 
cortical samples suggest that S1P also promotes 
follicle survival during culture of the human 
 cortical tissue, which may be of benefit when 
 processing ovarian tissue samples for cryopreser-
vation [76, 77]. Studies of offspring in mice and 
primates treated with S1P prior to radiation have 

shown no propagation of DNA damage and no 
abnormalities in the offspring [78]. Limitations 
have been that S1P is administered systemically 
via tissue injection, thus limiting its clinical use-
fulness. There are also no clinical trials involving 
in vivo S1P as a therapeutic option.

1.3.6  Tamoxifen

Tamoxifen, a selective estrogen receptor modula-
tor (SERM) with agonist–antagonist properties, is 
used as adjuvant treatment of hormone-sensitive 
breast cancer. Rodent studies have shown ovarian 
protection with tamoxifen administered prior to 
cyclophosphamide [46]. Tamoxifen has also been 
shown to be protective when given prior to radia-
tion treatment in rats with a reduction in loss of 
primordial follicles and increase in AMH [79]. 
Human studies evaluating the effects of tamoxifen 
as an ovarian protective agent are limited and con-
flicting due to study design and use of different 
endpoints [80]. Furthermore, tamoxifen given 
concurrently with chemotherapy has been shown 
to increase the risk of thrombotic events and is not 
recommended [81]. The postulated mechanism of 
action remains unclear. However, studies suggest 
that the protective effects of tamoxifen may be due 
to the anti-apoptotic and antioxidant effects from 
its estrogen-agonist properties [82, 83]. Protection 
may also result from increased transcription and 
translation of IGF-1, which has been shown to 
augment granulosa cell FSH receptor expression 
in the ovary and potentiate FSH action. Antagonist 
effects of tamoxifen are similar to GnRHa with 
downregulation of the H-P-O axis and ovarian 
quiescence, which may also have a protective role. 
Human studies with tamoxifen given post-che-
motherapy have shown no protection [48].

1.3.7  AS101

AS101 is a tellurium-based immunomodulator 
that inhibits the P13K/PTEN/Akt pathway and 
has anti-apoptotic and anti-inflammatory proper-
ties [84, 85]. AS101 has been shown to be protec-
tive against hematopoietic damage in mice treated 
with cyclophosphamide without adversely affect-
ing treatment outcome [86–89] and conversely 
exhibiting synergy [86, 89–91]. Studies of gonadal 
protection in mice have similarly shown AS101 to 
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protect against chemotherapy-induced follicular 
damage and reduce sperm DNA damage without 
interfering with cancer treatments [49, 92]. The 
proposed mechanism of action is inhibition of 
activation and loss of dormant primordial follicles 
during chemotherapy as well as reduced apopto-
sis in the granulosa cells of growing follicles. 
AS101 can be administered systemically. Phase 2 
clinical trials in cancer patients to assess the role 
of AS101 in the management of hematologic and 
dermatologic side effects of chemotherapy have 
been inconclusive, with most studies terminating 
prior to conclusion (7 www. clinicaltrials. gov). 
Human studies assessing the effect on gonadal 
protection remain lacking.

1.3.8  Granulocyte Colony-
Stimulating Factor (G-CSF)

Granulocyte colony-stimulating factor (G-CSF) is 
a polypeptide with growth factor and cytokine 
properties that stimulates granulocyte and stem 
cell production from the bone marrow and pro-
motes neovascularization following ischemia [93, 
94]. In mice studies, G-CSF has been shown to 
prevent damage to microvessels and significantly 
reduce the destruction of primordial follicles 
caused by the alkylators cyclophosphamide and 
busulfan [50]. Additionally, next-generation 
breeding showed no adverse effects in the off-
spring. G-CSF has also been shown to be protec-
tive against the effects of cisplatin in mouse models 
with improvement in follicular number and AMH 
levels [95]. It is postulated that with neovascular-
ization, G-CSF decreases chemotherapy- related 
blood vessel loss and the associated focal ischemia 
seen in chemotherapy- related follicle loss [22]. 
Potential direct effects on the follicle remain 
unclear. However, an anti-apoptotic mechanistic 
action of G-CSF has been proposed [96, 97]. The 
advantage of G-CSF over other agents is that it is 
currently used in breast cancer patients and 
patients undergoing autologous bone marrow 
transplantation for the prevention of chemother-
apy-induced neutropenia and has been shown to 
not reduce the efficacy of chemotherapeutic agents 
[98]. Despite optimistic results in rodents and its 
current use in humans as a cancer supportive 
therapy, no studies evaluating the role of G-CSF as 
an ovarian protective agent in human subjects 
have been performed.

1.4  Conclusion

Improved quality of life in survivorship remains 
the collective goal as oncofertility specialists. No 
longer is it acceptable to ignore the effects of can-
cer treatments on fertility or to only prioritize 
treatment and survivorship goals for our patients. 
More collaborative studies and multi-site regis-
tries are needed to be better quantify risk to our 
patients, putting aside singular aspirations. 
Translation of basic science discoveries in risk 
mitigation from rodent and primate science to 
patient care is critical to improving the reproduc-
tive health of cancer survivors. In doing this, we 
provide our patients with a quality of reflective of 
the challenges they have overcome.

References

 1. Siegel RL, Miller KD, Jemal A.  Cancer statistics, 2018. 
CA Cancer J Clin. 2018;68(1):7–30.

 2. Keegan TH, et al. Comparison of cancer survival trends 
in the United States of adolescents and young adults 
with those in children and older adults. Cancer. 
2016;122(7):1009–16.

 3. Alvarez E, et al. Adolescent and young adult oncology 
patients: disparities in access to specialized cancer 
centers. Cancer. 2017;123(13):2516–23.

 4. Hudson MM, et  al. Clinical ascertainment of health 
outcomes among adults treated for childhood cancer. 
JAMA. 2013;309(22):2371–81.

 5. Chemaitilly W, et  al. Endocrine late effects in child-
hood cancer survivors. J Clin Oncol. 2018;36:2153–9: p. 
JCO2017763268

 6. Faubion SS, Loprinzi CL, Ruddy KJ.  Management of 
hormone deprivation symptoms after cancer. Mayo 
Clin Proc. 2016;91(8):1133–46.

 7. Practice Committees of American Society for Repro-
ductive, M, T.  Society for Assisted Reproductive. 
Mature oocyte cryopreservation: a guideline. Fertil 
Steril. 2013;99(1):37–43.

 8. Oktay K, et  al. Fertility preservation in patients with 
cancer: ASCO clinical practice guideline update. J Clin 
Oncol. 2018;36(19):1994–2001.

 9. Djaladat H.  Organ-sparing surgery for testicular 
tumours. Curr Opin Urol. 2015;25(2):116–20.

 10. Ntali G, Karavitaki N.  Efficacy and complications of 
pituitary irradiation. Endocrinol Metab Clin N Am. 
2015;44(1):117–26.

 11. Meistrich ML. Effects of chemotherapy and radiother-
apy on spermatogenesis in humans. Fertil Steril. 
2013;100:1180–6.

 12. Howell SJ, Shalet SM.  Spermatogenesis after cancer 
treatment: damage and recovery. J Natl Cancer Inst 
Monogr. 2005;34:12–7.

 13. Green DM, et al. Cumulative alkylating agent exposure 
and semen parameters in adult survivors of childhood 

Fertility Risk with Cancer Therapy

http://www.clinicaltrials.gov


12

1
cancer: a report from the St Jude Lifetime Cohort 
Study. Lancet Oncol. 2014;15(11):1215–23.

 14. Aldrink JH, et al. Using quality improvement method-
ology to improve ovarian salvage for benign ovarian 
masses. J Pediatr Surg. 2018;53(1):67–72.

 15. Luczak J, Baglaj M.  Selecting treatment method for 
ovarian masses in children – 24 years of experience. J 
Ovarian Res. 2017;10(1):59.

 16. Gershenson DM.  Management of borderline ovarian 
tumours. Best Pract Res Clin Obstet Gynaecol. 
2017;41:49–59.

 17. Rosendahl M, Simonsen MK, Kjer JJ. The influence of 
unilateral oophorectomy on the age of menopause. 
Climacteric. 2017;20(6):540–4.

 18. Bjelland EK, et  al. Is unilateral oophorectomy associ-
ated with age at menopause? A population study (the 
HUNT2 Survey). Hum Reprod. 2014;29:835–41.

 19. diZerega GS. The peritoneum and its response to sur-
gical injury. Prog Clin Biol Res. 1990;358:1–11.

 20. Practice Committee of the American Society for Repro-
ductive Medicine. Pathogenesis, consequences, and 
control of peritoneal adhesions in gynecologic sur-
gery. Fertil Steril. 2007;88(1):21–6.

 21. Meirow D, Nugent D. The effects of radiotherapy and 
chemotherapy on female reproduction. Hum Reprod 
Updat. 2001;7(6):535–43.

 22. Meirow D, et  al. Cortical fibrosis and blood-vessels 
damage in human ovaries exposed to chemotherapy. 
Potential mechanisms of ovarian injury. Hum Reprod. 
2007;22(6):1626–33.

 23. Wallace WH, et  al. Gonadal dysfunction due to cis-
platinum. Med Pediatr Oncol. 1989;17(5):409–13.

 24. van Dorp W, et  al. Recommendations for premature 
ovarian insufficiency surveillance for female survivors 
of childhood, adolescent, and young adult cancer: a 
report from the International Late effects of Childhood 
Cancer Guideline Harmonization Group in Collabora-
tion with the PanCareSurFup Consortium. J Clin Oncol. 
2016;34(28):3440.

 25. Wallace WH, et  al. Predicting age of ovarian failure 
after radiation to a field that includes the ovaries. Int J 
Radiat Oncol Biol Phys. 2005;62(3):738–44.

 26. Larsen EC, et al. Radiotherapy at a young age reduces 
uterine volume of childhood cancer survivors. Acta 
Obstet Gynecol Scand. 2004;83(1):96–102.

 27. Green DM, et al. Fertility of female survivors of child-
hood cancer: a report from the Childhood Cancer Sur-
vivor Study. J Clin Oncol. 2009;27(16):2677–85.

 28. Meirow D, et  al. The GnRH antagonist cetrorelix 
reduces cyclophosphamide-induced ovarian follicular 
destruction in mice. Hum Reprod. 2004;19(6):1294–9.

 29. Li X, et  al. Combination of a GnRH agonist with an 
antagonist prevents flare-up effects and protects pri-
mordial ovarian follicles in the rat ovary from cisplatin-
induced toxicity: a controlled experimental animal 
study. Reprod Biol Endocrinol. 2013;11(1):16.

 30. Ataya K, et  al. Luteinizing hormone-releasing hor-
mone agonist inhibits cyclophosphamide-induced 
ovarian follicular depletion in rhesus monkeys. Biol 
Reprod. 1995;52(2):365–72.

 31. Badawy A, et  al. Gonadotropin-releasing hormone 
agonists for prevention of chemotherapy-induced 

ovarian damage: prospective randomized study. Fertil 
Steril. 2009;91(3):694–7.

 32. Mastro D, et al. Medical approaches to preservation of 
fertility in female cancer patients. Expert Opin Phar-
macother. 2011;12(3):387–96.

 33. Demeestere I, et al. Gonadotropin-releasing hormone 
agonist for the prevention of chemotherapy-induced 
ovarian failure in patients with lymphoma: 1-year fol-
low-up of a prospective randomized trial. J Clin Oncol. 
2013;31(7):903–9.

 34. Gerber B, et al. Gonadotropin-releasing hormone ana-
logue for premenopausal women with breast cancer. 
JAMA. 2011;306(16):1760.

 35. Munster PN, Moore AP, Ismail-Khan R, Cox CE, Lacevic M, 
Gross-King M, et al. Randomized trial using gonadotropin-
releasing hormone agonist triptorelin for the preservation 
of ovarian function during (neo)adjuvant chemotherapy 
for breast cancer. J Clin Oncol. 2012;30(5):533–8.

 36. Elgindy EA, et  al. Gonadatrophin suppression to pre-
vent chemotherapy-induced ovarian damage: a ran-
domized controlled trial. Obstet Gynecol. 
2013;121(1):78–86.

 37. Kerr JB, et  al. Cisplatin-induced primordial follicle 
oocyte killing and loss of fertility are not prevented by 
imatinib. Nat Med. 2012;18(8):1170–2; author reply 
1172–4.

 38. Kilic S, et  al. Protection from cyclophosphamide-
induced ovarian damage with bone marrow-derived 
mesenchymal stem cells during puberty. Gynecol 
Endocrinol. 2014;30(2):135–40.

 39. Fu X, et al. Bone marrow mesenchymal stem cell trans-
plantation improves ovarian function and structure in 
rats with chemotherapy-induced ovarian damage. 
Cytotherapy. 2008;10(4):353–63.

 40. Abd-Allah SH, et al. Mechanistic action of mesenchy-
mal stem cell injection in the treatment of chemically 
induced ovarian failure in rabbits. Cytotherapy. 
2013;15(1):64–75.

 41. Morita Y, Perez GI, Paris F, Miranda SR, Ehleiter D, 
Haimovitz-Friedman A, et al. Oocyte apoptosis is sup-
pressed by disruption of the acid sphingomyelinase 
gene or by sphingosine-1-phosphate therapy. Nat 
Med. 2000;6(10):1109–14.

 42. Casper RF Jurisicova A.  Protecting the female germ 
line from cancer therapy. Nat Med 2000;6(10):1100-1.

 43. Hancke K, et  al. Sphingosine 1-phosphate protects 
ovaries from chemotherapy-induced damage in vivo. 
Fertil Steril. 2007;87(1):172–7.

 44. Kaya H, Desdicioglu R, Sezik M, Ulukaya E, Ozkaya O, 
Yimaztepe A, et  al. Does sphingosine-1-phosphate 
have a protective effect on cyclophosphamide- and 
irradiation-induced ovarian damage in the rat model? 
Fertil Steril. 2008;89(3):732–5.

 45. Zelinski MB, Murphy MK, Lawson MS, Jurisicova A, Pau 
KYF, Toscano NP, et  al. In vivo delivery of fty720 pre-
vents radiation-induced ovarian failure and infertility 
in adult female nonhuman primates. Fertil Steril. 
2011;95(4):1440–U289.

 46. Ting AY, Petroff BK. Tamoxifen decreases ovarian follic-
ular loss from experimental toxicant DMBA and che-
motherapy agents cyclophosphamide and doxorubicin 
in the rat. J Assist Reprod Genet. 2010;27(11):591–7.

 L. C. Appiah and D. M. Green



13 1

 47. Hickman LC, et al. Preservation of gonadal function in 
women undergoing chemotherapy: a systematic 
review and meta-analysis of the potential role for 
gonadotropin-releasing hormone agonists. J Assist 
Reprod Genet. 2018;35(4):571–81.

 48. Sverrisdottir A, et  al. Adjuvant goserelin and ovarian 
preservation in chemotherapy treated patients with 
early breast cancer: results from a randomized trial. 
Breast Cancer Res Treat. 2009;117(3):561–7.

 49. Kalich-Philosoph L, et  al. Cyclophosphamide triggers 
follicle activation and “burnout”; AS101 prevents folli-
cle loss and preserves fertility. Sci Transl Med. 
2013;5(185):185ra62.

 50. Skaznik-Wikiel ME, et al. Granulocyte colony-stimulat-
ing factor with or without stem cell factor extends 
time to premature ovarian insufficiency in female mice 
treated with alkylating chemotherapy. Fertil Steril. 
2013;99(7):2045.

 51. Green DM, et  al. Quantifying alkylating agent expo-
sure: evaluation of the cyclophosphamide equivalent 
dose: a report from the Childhood Cancer Survivor 
Study. J Clin Oncol. 2011;29(15):9547.

 52. Green DM, et  al. The cyclophosphamide equivalent 
dose as an approach for quantifying alkylating agent 
exposure: a report from the Childhood Cancer Survi-
vor Study. Pediatr Blood Cancer. 2014;61(1):53–67.

 53. Meirow D, et al. Prevention of severe menorrhagia in 
oncology patients with treatment-induced thrombo-
cytopenia by luteinizing hormone-releasing hormone 
agonist and depo-medroxyprogesterone acetate. 
Cancer. 2006;107(7):1634–41.

 54. Eifel P, et  al. National Institutes of Health Consensus 
Development Conference Statement: adjuvant ther-
apy for breast cancer, November 1–3, 2000. J Natl Can-
cer Inst. 2001;93(13):979–89.

 55. Goldhirsch A, et  al. Meeting highlights: International 
Consensus Panel on the Treatment of Primary Breast 
Cancer. Seventh International Conference on Adjuvant 
Therapy of Primary Breast Cancer. J Clin Oncol. 
2001;19(18):3817–27.

 56. Turner NH, et al. Utility of gonadotropin-releasing hor-
mone agonists for fertility preservation in young 
breast cancer patients: the benefit remains uncertain. 
Ann Oncol. 2013;24(9):2224–35.

 57. Del Mastro L, et al. Gonadotropin-releasing hormone 
analogues for the prevention of chemotherapy-
induced premature ovarian failure in cancer women: 
systematic review and meta-analysis of randomized 
trials. Cancer Treat Rev. 2014;40(5):675–83.

 58. Oktay K, et al. Absence of conclusive evidence for the 
safety and efficacy of gonadotropin-releasing hor-
mone analogue treatment in protecting against che-
motherapy-induced gonadal injury. Oncologist. 
2007;12(9):1055–66.

 59. Moore HC, et al. Goserelin for ovarian protection dur-
ing breast-cancer adjuvant chemotherapy. N Engl J 
Med. 2015;372(10):923–32.

 60. Lambertini M, et al. Gonadotropin-releasing hormone 
agonists during chemotherapy for preservation of 
ovarian function and fertility in premenopausal 
patients with early breast cancer: a systematic review 

and meta-analysis of individual patient-level data. J 
Clin Oncol. 2018;36(19):1981–90.

 61. Kano M, et  al. AMH/MIS as a contraceptive that pro-
tects the ovarian reserve during chemotherapy. Proc 
Natl Acad Sci U S A. 2017;114(9):E1688–97.

 62. Woodruff TK.  A win-win for women’s reproductive 
health: a nonsteroidal contraceptive and fertoprotec-
tive neoadjuvant. Proc Natl Acad Sci U S A. 
2017;114(9):2101–2.

 63. Gonfloni S, et  al. Inhibition of the c-Abl-TAp63 path-
way protects mouse oocytes from chemotherapy-
induced death. Nat Med. 2009;15(10):1179–85.

 64. Morgan S, et al. Cisplatin and doxorubicin induce dis-
tinct mechanisms of ovarian follicle loss; imatinib pro-
vides selective protection only against cisplatin. PLoS 
One. 2013;8(7):e70117.

 65. Cherry SM, Hunt PA, Hassold TJ.  Cisplatin disrupts 
mammalian spermatogenesis, but does not affect 
recombination or chromosome segregation. Mutat 
Res Genet Toxicol Environ Mutagen. 2004;564(2): 
115–28.

 66. Woodruff TK.  Preserving fertility during cancer treat-
ment. Nat Med. 2009;15(10):1124–5.

 67. Wang-Rodriguez J, et al. STI-571 (Gleevec) potentiates 
the effect of cisplatin in inhibiting the proliferation of 
head and neck squamous cell carcinoma in  vitro. 
Laryngoscope. 2006;116(8):1409–16.

 68. Prockop DJ. Marrow stromal cells as stem cells for non-
hematopoietic tissues. Science. 1997;276(5309): 
71–4.

 69. Dawn B, et al. Cardiac stem cells delivered intravascu-
larly traverse the vessel barrier, regenerate infarcted 
myocardium, and improve cardiac function. Proc Natl 
Acad Sci U S A. 2005;102(10):3766–71.

 70. Eliopoulos N, et  al. Erythropoietin gene-enhanced 
marrow mesenchymal stromal cells decrease cispla-
tin-induced kidney injury and improve survival of allo-
geneic mice. Mol Ther. 2011;19(11):2072–83.

 71. Villanueva PD, et al. Functional multipotency of stem 
cells: what do we need from them in the heart? Stem 
Cells Int. 2012;2012:817364.

 72. Roodhart JML, et  al. Mesenchymal stem cells induce 
resistance to chemotherapy through the release of 
platinum-induced fatty acids. Cancer Cell. 
2011;20(3):370–83.

 73. Strub GM, et al. Extracellular and intracellular actions 
of sphingosine-1-phosphate. Adv Exp Med Biol. 
2010;688:141–55.

 74. Soleimani R, Heytens E, Oktay K. Enhancement of neo-
angiogenesis and follicle survival by sphingosine-
1-phosphate in human ovarian tissue xenotransplants. 
PLoS One. 2011;6(4):e19475.

 75. Li F, et al. Sphingosine-1-phosphate prevents chemo-
therapy-induced human primordial follicle death. 
Hum Reprod. 2014;29(1):107–13.

 76. Guzel Y, Bildik G, Oktem O. Sphingosine-1-phosphate 
protects human ovarian follicles from apoptosis 
in  vitro. Eur J Obstet Gynecol Reprod Biol. 2018;222: 
19–24.

 77. Guzel Y, et al. Sphingosine-1-phosphate reduces atre-
sia of primordial follicles occurring during slow-freez-

Fertility Risk with Cancer Therapy



14

1
ing and thawing of human ovarian cortical strips. Mol 
Reprod Dev. 2018;85:858–64.

 78. Paris F, et al. Sphingosine 1-phosphate preserves fertil-
ity in irradiated female mice without propagating 
genomic damage in offspring. Nat Med. 2002;8(9): 
901–2.

 79. Mahran YF, et  al. Insights into the protective mecha-
nisms of tamoxifen in radiotherapy-induced ovarian 
follicular loss: impact on insulin-like growth factor 1. 
Endocrinology. 2013;154(10):3888–99.

 80. Rose DP, Davis TE. Effects of adjuvant chemohormonal 
therapy on the ovarian and adrenal-function of breast-
cancer patients. Cancer Res. 1980;40(11):4043–7.

 81. Albain KS, et al. Adjuvant chemotherapy and timing of 
tamoxifen in postmenopausal patients with endo-
crine-responsive, node-positive breast cancer: a phase 
3, open-label, randomised controlled trial. Lancet. 
2009;374(9707):2055–63.

 82. Dubey RK, et al. Estrogen and tamoxifen metabolites 
protect smooth muscle cell membrane phospholipids 
against peroxidation and inhibit cell growth. Circ Res. 
1999;84(2):229–39.

 83. Nathan L, Chaudhuri G.  Antioxidant and prooxidant 
actions of estrogens: potential physiological and clini-
cal implications. Semin Reprod Endocrinol. 1998; 
16(4):309–14.

 84. Hayun M, et al. The immunomodulator AS101 induces 
growth arrest and apoptosis in multiple myeloma: 
association with the Akt/Survivin pathway. Biochem 
Pharmacol. 2006;72(11):1423–31.

 85. Indenbaum V, et  al. In vitro and in  vivo activity of 
AS101 against West Nile virus (WNV). Virus Res. 
2012;166(1–2):68–76.

 86. Kalechman Y, et  al. Protective and restorative role of 
As101 in combination with chemotherapy. Cancer Res. 
1991;51(5):1499–503.

 87. Kalechman Y, et al. As101 protection of bone-marrow 
stromal cells function from adverse-effects of cyclo-
phosphamide treatment in-vivo or Asta-Z in-vitro. Exp 
Hematol Oncol. 1992;20(6):728.

 88. Kalechman Y, et  al. The protective role of As101  in 
combination with cytotoxic drugs acting by various 
mechanisms of action. J Immunol. 1993;150(8):A131.

 89. Sredni B, et  al. Ammonium trichloro (dioxoethylene-
o,o′) tellurate (AS101) sensitizes tumors to chemo-
therapy by inhibiting the tumor interleukin 10 
autocrine loop. Cancer Res. 2004;64(5):1843–52.

 90. Kalechman Y, et  al. Effect of the immunomodulator 
As101 on chemotherapy-induced multilineage myelo-
suppression, thrombocytopenia, and anemia in mice. 
Exp Hematol Oncol. 1995;23(13):1358–66.

 91. Sredni B, et al. Predominance of TH1 response in tumor 
bearing mice and cancer patients treated with AS101. 
J Natl Cancer Inst. 1996;88(18):1276–84.

 92. Carmely A, et al. Protective effect of the immunomod-
ulator AS101 against cyclophosphamide-induced tes-
ticular damage in mice. Hum Reprod. 2009; 
24(6):1322–9.

 93. Demetri GD, Griffin JD.  Granulocyte colony-stimulat-
ing factor and its receptor. Blood. 1991;78(11): 
2791–808.

 94. Bussolino F, et  al. Granulocyte-colony and granulo-
cyte-macrophage-colony stimulating factors induce 
human-endothelial cells to migrate and proliferate. 
Nature. 1989;337(6206):471–3.

 95. Akdemir A, et al. Granulocyte-colony stimulating fac-
tor decreases the extent of ovarian damage caused by 
cisplatin in an experimental rat model. Gynecol Oncol. 
2014;25(4):328–33.

 96. Solaroglu I, et al. Anti-apoptotic effect of granulocyte-
colony stimulating factor after focal cerebral ischemia 
in the rat. Neuroscience. 2006;143(4):965–74.

 97. Harada M, et  al. G-CSF prevents cardiac remodeling 
after myocardial infarction by activating the Jak-Stat 
pathway in cardiomyocytes. Nat Med. 2005;11(3): 
305–11.

 98. Smith TJ, et  al. 2006 update of recommendations for 
the use of white blood cell growth factors: an evi-
dence-based clinical practice guideline. J Clin Oncol. 
2006;24(19):3187–205.

 L. C. Appiah and D. M. Green



© Springer Nature Switzerland AG 2019
T. K. Woodruff et al. (eds.), Textbook of Oncofertility Research and Practice,  
https://doi.org/10.1007/978-3-030-02868-8_2

15 2

Childhood, Adolescent, 
and Young Adult Cancer: 
Fertility Implications 
and Clinical Practice
Karen E. Kinahan, Barbara A. Lockart, Christina E. Boots, 
and Aarati Didwania

2.1  Introduction – 16

2.2  Recent Research on Late Effects  
and Infertility – 16

2.3  Providers Addressing Psychosocial  
Implications – 18

2.4  Assessment of Fertility Status in CAYA Survivors 
of Cancer – 19

2.5  Fertility Preservation for CAYA Cancer  
Patients – 20

2.6  Conclusion and Next Steps – 22

 Review Questions and Answers – 23

 References – 24

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-02868-8_2&domain=pdf


16

2

Key Points
 5 Gonadal toxicity from chemotherapeutic 

agents and gonadal radiation has been 
identified.

 5 CAYA cancer patients should be offered 
fertility preservation options prior to 
initiating therapy.

 5 Reproductive endocrine and urology 
providers can assist with fertility 
preservation and evaluate a patient’s 
fertility potential.

 5 A multidisciplinary approach for cancer 
patients is optimal to address patient’s 
medical, psychological, and fertility 
health.

2.1  Introduction

Each year more than 15,000 children age 19 and 
younger are diagnosed with cancer in the United 
States [46]. In recent years, adolescent and young 
adult (AYA) oncology has become a national and 
international focus as a cohort of patients with 
special needs at diagnosis, as well as during treat-
ment and survivorship [7]. In general, this selec-
tion of cancer patients includes those diagnosed 
from 15 to 39 years of age and includes approxi-
mately 70,000 cancer diagnoses per year in the 
United States alone [7]. In Europe, the number of 
children diagnosed with cancer each year ages 
0–14 is 15,000, and there is an additional 30,000 
who are 15–24  years old at diagnosis [21]. 
Together, this group of patients are referred to as 
childhood, adolescent and young adult (CAYA) 
cancer patients and comprise a wide spectrum of 
malignancies, and outcomes are dependent upon 
histology type, disease origin and site, race, sex, 
and age at diagnosis [16, 63]. Fortunately, 
advances in treatment and supportive care have 
led to a significant increase in survival rates for 
CAYA cancer patients [21, 46]. For purposes of 
this chapter, we will focus on patients diagnosed 
at age 30 and younger, but some of the informa-
tion may be applicable for older patients as well. 
Patients in this age group are treated on The 
Children’s Oncology Group (COG) cancer treat-
ment protocols as well as adult treatment proto-
cols and clinical trials. The standard of care in 
CAYA oncology has now changed from prior 
decades of thinking primarily of cure at all cost. 

The standard now includes fertility preservation 
when possible prior to starting treatment for pro-
tocols with surgery, radiation, or chemotherapy 
that negatively affect any component of the 
hypothalamic- pituitary- gonadal axis and may 
adversely impact future fertility [29].

Long-term cohort studies of adult survivors of 
childhood cancer show significant morbidity from 
cancer treatment, but late mortality rates have 
improved with reductions of radiotherapy being 
delivered in treatment protocols [1–3, 6]. Recent 
studies demonstrate that while more CAYA cancer 
patients are surviving and thriving, a high percent-
age of survivors are encountering serious “late 
effects” from their therapy. These late effects 
include, but are not limited to, cardiac, pulmonary, 
and endocrine disorders including impaired fertil-
ity, increased morbidity and mortality, and moder-
ately to severely affected status in one or more of 
the primary domains of health (i.e., general health, 
mental health, functional status, limitations in 
activity, fear, or anxiety) [30, 42, 43].

This chapter will not go into detail on the 
myriad of late effects of CAYA cancer treatment. 
Rather, we will focus on the fertility effects of 
treatment which include use of alkylating agents 
and newer chemotherapeutic agents, radiother-
apy with potential exposure to the ovaries, and 
surgery that involves the reproductive organs that 
can lead to permanent sterilization or premature 
ovarian failure in female survivors. These same 
treatments can cause altered spermatogenesis, 
testosterone deficiency, and physical sexual dys-
function in male patients who have reached 
puberty [63]. We will cover research into the psy-
chosocial impact of potential or lost fertility for 
both males and females and how providers can 
become their advocates. We will discuss processes 
for assessment and treatment of impaired fertility 
with adult survivors of childhood cancer and 
adult-onset cancer. Lastly, we will review fertility 
preservation practices for newly diagnosed or 
relapsed CAYA cancer patients.

2.2  Recent Research on Late Effects 
and Infertility

The 2007 Woodruff and Synder’s Oncofertility 
book introduced early studies identifying late 
effects of childhood cancer treatment impacting 
fertility [71]. Notably, Dr. Julie Byrne, one of the 
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pioneer investigators in this field, and her 1999 
study provided some of the first data on this 
important complication and found that the prin-
cipal risk factors for early menopause after cancer 
were related to treatment after the onset of 
puberty, treatment with radiation below the dia-
phragm, and the use of alkylating agent chemo-
therapy. Byrne found that survivors were twice as 
likely (RR = 2.32, p < 0.01) as their control siblings 
to reach menopause during their 20s. However, 
there was no excess risk during their 30s 
(RR  =  0.78). Survivors diagnosed after puberty 
and treated with radiation below the diaphragm 
were nearly ten times more likely to reach meno-
pause during their 20s than controls, regardless of 
their primary diagnosis. The RR was 9.6 for 
Hodgkin lymphoma survivors and 8.56 for all 
other cancers [9]. Advances in pediatric and ado-
lescent research have expanded our understand-
ing of fertility outcomes and directed clinical 
trials research. Recent studies from the Childhood 
Cancer Survivor Study (CCSS) have demon-
strated a higher incidence of infertility rates and 
reproductive interventions in female survivors 
enrolled in the CCSS compared to their sibling 
cohort. When compared to 1366 female sibling 
controls, 3531 5+ year survivors who enrolled in 
the study between November 1992 and April 2004 
had an increased risk (RR 1.48 [95% CI 1.23–
1.78]; p  <  0.0001) of clinical infertility that was 
most pronounced at early reproductive ages in 
participants less than or equal to 24 years old (RR 
2.92 [95% CI 1.18–7.20]; p = 0.020), in survivors 
aged 25–29  years (RR 1.61 [95% CI 1.05–2.48]; 
p = 0.029) and in those aged 30–40 years (RR 1.37 
[95% CI 1.11–1.69]; p = 0.0035). As other studies 
have demonstrated, the authors reported increas-
ing doses of uterine radiation and alkylating agent 
chemotherapy were strongly associated with 
infertility [4].

A 2016 study from the CCSS reported on 
pregnancy after chemotherapy in 10,938 male and 
female survivors after receiving treatment with 
one or more of 14 alkylating and similar DNA 
interstrand cross-linking drugs of interest with-
out exposure to cranial or abdominal radiation. 
Results were compared to 3949 sibling controls. 
Five thousand nine hundred and twenty-two 
(54%) survivors received at least one alkylating or 
similar DNA interstrand cross-linking drugs such 
as cisplatin. Results of a multivariable analysis 
showed survivors having a decreased likelihood 

of siring or having a pregnancy versus siblings 
(male survivors, hazard ratio [HR] 0.63; 95% CI 
0.58–0.68; p < 0.0001; female survivors, HR 0.87; 
95% CI 0.81–0.94; p  <  0.0001). Their results 
showed that male survivors who received ifos-
famide doses of more than 25,000 mg/m2, procar-
bazine doses of more than 3000  mg/m2, and 
cisplatin doses of more than 475  mg/m2 had a 
significantly reduced chance of siring pregnancies 
and livebirth compared to survivors with no 
exposure [12]. For female survivors, data demon-
strated that only busulfan of any dose category 
and lomustine ≥411 mg/m2) were associated with 
significantly decreased achievement of pregnancy. 
Further subanalyses showed female survivors 
exposed to cyclophosphamide in the upper quar-
tile (≥11,295  mg/m2) had a lower likelihood of 
pregnancy than did those not exposed (HR 0.85, 
95% CI 0.74–0.98; p = 0.023) [12].

The adverse effects of high-dose cranial radia-
tion and direct gonadal radiation on fertility have 
been widely described [25, 57]. A study from St. 
Jude Lifetime Cohort Study (SJLIFE) assessed the 
effect of low doses (<26 Gy) of cranial radiation 
on sperm concentration of 241 adult survivors of 
childhood acute lymphocytic leukemia (ALL). 
Results show that cranial radiation doses (<26 Gy) 
typically used for central nervous system prophy-
laxis in patients with ALL had no demonstrable 
adverse effect on spermatogenesis although a 
cyclophosphamide equivalent dose (CED) 
exceeding 8  g/m2 and an age at diagnosis of 
5–9  years did increase the risk of oligospermia 
and azoospermia [26]. Other studies have dem-
onstrated Leydig cell function being preserved 
after cancer treatment, but germ cell failure is 
common in men treated with high cumulative 
doses of cyclophosphamide (>7500  mg/m2) [34, 
41] and with more than 3 months of combination 
alkylating agent therapy [22, 27].

The ability of female survivors to carry a preg-
nancy to term and health of the offspring have 
been investigated. At-risk groups include patients 
treated with flank and abdominal radiation such 
as with patients with Wilm’s tumor who have been 
shown to have early or threatened labor, fetal mal-
position, and low birth weight, all of which are 
increased with flank radiation dosages [11, 24]. 
Female CAYA cancer survivors who received 
flank or abdominal radiation and are fortunate 
enough to become pregnant should be managed 
by a high-risk multidisciplinary team or maternal- 
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fetal medicine [18]. Other survivors such as those 
treated for leukemia and lymphoma with 
 anthracycline therapy and/or chest irradiation 
need to be aware of maternal cardiopulmonary 
risks and should also be evaluated by a maternal-
fetal medicine practice for close surveillance 
including echocardiograms during pregnancy 
and delivery and postpartum [37, 61].

A great deal of progress has been made in 
understanding the effects of chemotherapeutic 
agents and irradiation on gonadal function. As 
new chemotherapy agents and other therapies are 
discovered, research must continue with a focus 
on their role in not only curing cancer but also the 
life-altering effects such as infertility and prema-
ture menopause they may cause. These same fac-
tors and their relationship to the CAYA cancer 
survivor’s quality of life must be investigated and 
addressed.

2.3  Providers Addressing 
Psychosocial Implications

Great importance is placed on fertility by adoles-
cent and young adult cancer survivors themselves 
and by the parents of childhood cancer survivors 
[45, 64]. Information regarding the impact of 
diagnosis and treatment on fertility is one of the 
most cited unmet needs among adolescent and 
young adult survivors [39, 70, 74]. It is important 
for providers to recognize this need and address 
the concern felt by survivors even if medical treat-
ment may not affect fertility. Fertility implications 
of diagnosis and treatment need to be addressed 
at the time of diagnosis but also after treatment 
has been completed as many CAYA cancer 
patients do not process their concerns until they 
are actively thinking about having children.

Reproductive concerns in survivors have been 
associated with depression and anxiety symp-
toms, grief, lowered self-esteem, and an altered 
sense of identity [14]. Fertility-related distress 
may become more acute as these survivor popula-
tions move past their treatment and consider 
building a family, and many survivors do not 
know their fertility status [48]. An exploratory 
study looking at the experiences of 38 survivors 
over time in terms of managing fertility matters 
following cancer treatment in their teens found 
that professional and social networks did not pro-
vide many opportunities for these survivors to ask 

questions, receive information, process feelings, 
or develop handling strategies. The study also 
found that for some survivors, fertility matters 
affected identity, well-being, and life planning as 
well as reproductive function [15].

Providers who are aware of survivors’ con-
cerns about fertility, whether founded or imag-
ined, can have a great impact on the well-being of 
their patients. Secondary analyses of a qualitative 
study of young adult survivors of adolescent can-
cers by Benedict et al. concluded that females may 
be more at risk for distress than males, particu-
larly in situations of uncertainty and limited 
knowledge regarding fertility implications of their 
primary disease or secondary to treatment [5]. 
How and when to address fertility issues may be 
some of the barriers to providing information to 
survivors. CAYA cancer survivors may still be 
developing cognitive and emotional abilities to 
manage stress and cope effectively as they mature 
[75]. This limitation along with parental buffering 
and clinicians’ discomfort addressing fertility 
issues may result in survivors not receiving ade-
quate information and support around fertility 
issues [28, 55]. Increased attention to fertility may 
help to alleviate CAYA’s distress, facilitate engage-
ment in decision-making about their reproduc-
tive future, and improve long-term well-being in 
survivorship.

Benedict et al. also found that discussing fer-
tility elicited emotional reactions for most par-
ticipants ranging from expressions of distress to 
feelings of hope and positivity [5]. The distress 
felt by participants included feeling upset, ner-
vous, overwhelmed, and angry. Those partici-
pants who were unsure of the gonadotoxic effects 
of their treatment anticipated feeling devastated, 
hurt, and lonely if they were unable to have chil-
dren. For some of the participants, this distress 
was associated with feeling different from their 
peers and excluded from normalcy in reaching 
parenthood [5]. Eighteen percent of participants 
in this study reported little to no concern about 
their fertility, and surprisingly, this lack of con-
cern was not limited to those who knew that their 
fertility had not been affected [5]. Care providers 
who assume they can predict whether their survi-
vors will have psychosocial effects from fertility 
concerns will miss opportunities to provide com-
prehensive care if they do not address the issue 
with their patients. Care providers will also have 
to build relationships with their survivors in 
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efforts to understand the survivor’s maturity and 
their ability to process fertility-related issues and 
concerns.

Survivors in the Benedict et  al. study used a 
variety of strategies in dealing with fertility con-
cerns including acceptance, avoidance, and taking 
comfort in the availability or success of assisted 
reproductive technology [5]. Therefore, counsel-
ing should include a balanced approach of allow-
ing for optimism as well as setting realistic 
expectations. Some CAYAs may still worry about 
their reproductive health even if their treatment 
was not gonadotoxic despite provider reassurance 
[33]. A qualitative study by Quinn et  al. found 
that female adolescent participants had two cate-
gories of coping styles in reaction to questions 
regarding loss of fertility: emotion-focused and 
problem-focused [56]. Wishful thinking, exter-
nalizing, and other emotion-focused coping styles 
are traditionally viewed as maladaptive when 
compared to information-seeking and other 
active coping styles [68]. Although these concepts 
are not universally held, providers aiming for suc-
cessful interventions should seek to uncover 
CAYAs’ values and presumptions about future 
parenthood and reproduction in hopes of assist-
ing the psychosocial stressors and development of 
adaptive coping mechanisms.

The individuals within the CAYA cancer pop-
ulation are unique in their reaction to the gonado-
toxic effects of treatment, their ability to address 
their concerns, and the adaptive mechanisms they 
employ to deal with these stressors. Practitioners 
should strive to become comfortable with address-
ing fertility effects of treatment but most impor-
tantly develop strategies to gauge their survivors’ 
needs and limitations.

2.4  Assessment of Fertility Status 
in CAYA Survivors of Cancer

Many survivors of CAYA cancer are aware that 
their prior treatment had potentially gonadotoxic 
effects. However, if and when they were counseled 
in the past, clinicians were unlikely to have given 
them a definitive prediction on their future fertil-
ity status. As previously mentioned, how robustly 
cancer treatment affects reproductive function 
depends on the type and total dose of chemother-
apy and if they received pelvic radiation. As 
female and male survivors begin to inquire more 

actively about their fertility status and consider 
building a family, they should be encouraged to 
consult with their primary care physicians and 
also consider seeking specialized consultations 
with a reproductive endocrinology and fertility 
specialist or a reproductive urologist. In the 
United States, there are more than 384 fertility 
centers in 49 states that are members of the 
Society for Assisted Reproductive Technology. Of 
these, 77 are committed members of the 
Oncofertility Consortium, which is a national, 
interdisciplinary initiative designed to explore the 
reproductive future of cancer survivors, and many 
more centers provide this care outside of the con-
sortium.

For men, a clinical assessment of the current 
health status, reproductive history, medications, 
prior chemotherapy, radiation, or abdominal or 
genitourinary surgery should be made [53]. 
Symptoms of low testosterone, including low 
libido, erectile or ejaculatory dysfunction, inabil-
ity to gain muscle mass, etc., can also be signs of 
poor reproductive function. Next, a semen analy-
sis should be performed. As shown in . Table 2.1, 
a semen analysis evaluates the volume of the 
ejaculate, the concentration of sperm, and the 
proportion of sperm that are motile and are mor-
phologically normal [72]. At a minimum, a pri-
mary care physician can perform a medical and 
reproductive history and at least one semen anal-
ysis. If abnormal, the patient should be referred to 
a reproductive specialist, who will perform a 
physical exam focusing on secondary sex charac-
teristics and the genitourinary anatomy. The etiol-
ogy of abnormal sperm parameters should be 
further explored by an endocrinology evaluation, 

       . Table 2.1 Semen analysis

Parameter Reference value

Ejaculate volume 1.5 mL

Sperm concentration 15 million sperm/mL

Total sperm 39 million sperm/mL

Motile sperm 40%

Progressively motile sperm 32%

Normal morphology 4%

Data derived from World Health Organization [72]
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specifically looking at follicle-stimulating hor-
mone (FSH) and luteinizing hormone, testoster-
one, and estradiol, while also excluding other 
etiologies for abnormal hormone levels by assess-
ing both prolactin and thyroid-stimulating hor-
mone. A normal semen analysis in the setting of 
normal hormone levels is reassuring that the sur-
vivors’ fertility is minimally affected by his prior 
therapy.

In contrast to men, who have stem cells in 
their testes and create new sperm regularly, 
women are born with a finite number of oocytes 
that decrease in quantity and quality over time. 
While women’s fertility assessment can be initi-
ated with their primary care physician, assessing 
ovarian reserve is complex and prompt referral 
should be made to their gynecologist or repro-
ductive endocrinology and infertility specialist. A 
fertility evaluation should start with a clinical his-
tory assessing overall health, prior surgeries (spe-
cifically abdominal or pelvic), prior chemotherapy, 
and prior radiation [52]. Focus should then be 
placed on her reproductive health, including prior 
pregnancies, pregnancy outcomes, and history of 
pelvic infections, and, most importantly, a careful 
menstrual history should be elicited. While nor-
mal menstrual cycles seem reassuring, cycling 
every 28  days is not a predictor of fertility. An 
abnormal menstrual cycle length is defined as less 
than 21 or greater than 35  days [51]. However, 
subtle changes, such as premenstrual spotting and 
shortening cycles, can be indicators of diminish-
ing ovarian reserve and should not be ignored. 
Absence of menstrual cycles may be a sign of pri-
mary ovarian insufficiency and should be further 
evaluated.

Ovarian reserve is best assessed by both serum 
analysis and pelvic ultrasound [54, 67]. Anti- 
Müllerian hormone (AMH) is a protein secreted 
by the granulosa cells surrounding oocytes early 
in the process of folliculogenesis. AMH is the 
most sensitive assessment of the ovarian reserve, 
and normative values are adjusted by age; the 
lower the number, the smaller the pool of remain-
ing oocytes [60]. Interestingly, the AMH value 
does not predict a woman’s current fertility, but a 
lower than expected value could suggest that her 
reproductive time span will be shortened and her 
fertility will decline earlier than would be expected 
[65]. In addition, this value is most useful as a pre-
dictor of ovarian response to stimulation by exog-
enous gonadotropins, which is particularly 

relevant when considering fertility preservation 
via egg or embryo freezing or if actively seeking 
fertility treatment [60] (. Table 2.2). Pelvic ultra-
sound counting the number of antral follicles is 
similarly sensitive and usually corroborates the 
interpretation of AMH.  Measuring basal serum 
FSH early in the menstrual cycle (ideally cycle day 
3) is also predictive of ovarian reserve. While less 
sensitive than AMH, FSH is more specific in diag-
nosing severely diminished ovarian reserve or 
primary ovarian insufficiency. FSH levels above 
15 mIU/mL are suggestive of this diagnosis and, 
most importantly, suggest that fertility treatments 
have limited benefits above spontaneous concep-
tion. Even when fertility treatments are not suc-
cessful, conception is possible as long as 
spontaneous ovulation continues to occur [50].

Ultimately, no clinical history or laboratory 
test is a perfect predictor of current or future fer-
tility. Only attempting pregnancy will give patients 
their definitive answer. However, if patients are 
not yet ready to conceive but desire information, 
further testing is a reasonable approach and can 
help with family planning.

2.5  Fertility Preservation for CAYA 
Cancer Patients

As survival rates for CAYA cancers have risen 
over the last decades, many adult survivors of are 
left to deal with sequelae of treatment years and 
even decades after completion of therapy. 
Research shows patients are troubled by the 
potential of infertility during and after cancer 

       . Table 2.2 Anti-Müllerian hormone values  
by age

Age 
(years)

Median 
(ng/mL)

Mean 
(ng/mL)

1 Standard 
deviation

25 3.2 4.1 4

30 2.4 3.2 3.2

35 1.3 2.1 2.5

40 0.7 1.1 1.3

45 0.3 0.5 0.9

Data derived from 17,120 women in US Fertility 
Centers
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treatment [8, 59]. In an effort to improve the 
health and quality of life for survivors, advances 
in reproductive medicine and the emergence of 
oncofertility as a discipline prompted the 
 American Society of Clinical Oncology (ASCO) 
and the National Comprehensive Cancer Network 
(NCCN) to develop clinical guidelines for health-
care providers working with these patient popula-
tions [13, 38]. From 2006 to 2016, over a hundred 
articles were published in the field of fertility pres-
ervation alone in the childhood and adolescent 
cancer population, and multidisciplinary fertility 
preservation programs are being developed 
around the country [10, 32].

Fertility preservation in pediatric and adoles-
cent patients is more complex than in young adult 
patients for a multitude of reasons. Prepubertal 
patients only have experimental fertility preserva-
tion options available to them. Children and ado-
lescents may lack capacity to envision a future in 
which they want children but in adulthood regret 
a decision to not pursue fertility preservation 
when offered. There are ethical concerns regard-
ing parents making generational choices for their 
children and potentially future grandchildren 
[40]. Additionally, the literature expresses con-
cern that offering fertility preservation may create 
false hope which can be of particular concern 
with prepubertal patients where long-term sur-
vival and the likelihood of pregnancy in adult-
hood are distant and dependent on future studies 
and advances in available reproductive technolo-
gies and medicine [19].

Fertility preservation options available to 
CAYA cancer patients may be limited for several 
reasons. Experimental options available to prepu-
bertal patients require Institutional Review Board 
(IRB) approval and are offered at a small number 
of pediatric institutions. Young adult patients 
diagnosed with a “pediatric” malignancy such as 
acute lymphoblastic leukemia or rhabdomyosar-
coma may receive care at a pediatric institution 
due to pediatric oncology team’s expertise treating 
pediatric cancers. The patient’s access to fertility 
preservation may be limited due to the providers’ 
lack of knowledge of fertility preservation options 
or due to challenges coordinating care between 
the pediatric institution and reproductive medi-
cine team. Refer to . Table 2.3 for a brief overview 
of fertility preservation options [19].

The majority of pediatric oncology physicians, 
advanced practice providers (APPs), and regis-

tered nurses (RNs) support educating patients 
and families on the risk of infertility and options 
for fertility preservation. Referral practices for 
fertility preservation in CAYAs show a discrep-
ancy between the providers’ beliefs and practices 
[35]. There are a multitude of factors that influ-
ence the practice of fertility preservation as iden-
tified by physicians, APPs, and RNs. Most 
commonly acknowledged issues are an urgency to 
start treatment, lack of clarity about a patient’s 
and family’s desire for the information, and con-
cerns about cost. Lack of educational materials, 
unfamiliarity with options, and no relationship 

       . Table 2.3 Fertility preservation options

Fertility preserva-
tion option

Experi-
mental

Prepubertal 
males

Testicular tissue 
cryopreservation

Yes

Postpubertal 
males

Prepubertal 
males

Orchiopexy No

Postpubertal 
males

Testicular shielding

Postpubertal 
males

Sperm banking No

Testicular sperm 
extraction

Post-masturbation 
sperm banking

Electroejaculation

Prepubertal 
females

Ovarian tissue 
cryopreservation

Yes

Postpubertal 
females

Postpubertal 
females

Oocyte 
 cryopreservation

No

Embryo 
 cryopreservation

Pre- and 
postpubertal 
females

Oophoropexy No

Ovarian shielding

Pre- and 
postpubertal 
females

GnRH agonists No 
consensus

Fernbach et al. [19]
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with a reproductive medicine team are also iden-
tified as obstacles to fertility care in CAYA patient 
populations [20, 23, 69]. Two studies report non-
white patients are less likely than Caucasian 
patients to receive fertility preservation counsel-
ing [58, 62].

Other challenges to education and access for 
fertility preservation include the patients’ and 
families’ culture, religion, race, language, health 
literacy, and cognitive level of the patient and 
parents. Stressors such as child care, parental 
relationship, and access to healthcare may all 
impact the individual’s ability to process informa-
tion and influence decision-making. Concerns 
regarding when a child should be included in 
medical decision- making and what influence the 
child should exert, especially regarding experi-
mental options, impact the pursuit of fertility 
preservation. Adolescents are more likely than 
children to identify concerns about infertility 
make them uneasy, rather than having concerns 
about the procedure. Parents are shown to influ-
ence the fertility preservation decision more than 
physicians [73].

The burden of consent is greater when a family 
is considering an experimental procedure, rather 
than a standard treatment such as sperm banking, 
or when consenting for life-saving medical treat-
ment. Neither child nor parent should feel they 
are coerced to make a decision. Weighing the 
child’s ability to grasp the risk versus benefit of an 
experimental procedure and the parents’ ability to 
make a decision in the child’s best interest is para-
mount. The depth of information provided to 
patients is adjusted to age and cognitive level. 
Providing information in developmental appro-
priate terms may require assistance from psychol-
ogists, social workers, or child life therapists adept 
at sexual health discussions. Genetic counseling 
prior to fertility preservation should be consid-
ered if the family has a known hereditary cancer 
syndrome or if the patient is undergoing stem cell 
transplant for a condition such as sickle cell dis-
ease or thalassemia [49].

Discussions surrounding fertility preservation 
and consenting for procedure must be performed 
in the patient’s and family’s native language by a 
medical interpreter. A quiet room free of distrac-
tions is needed to improve the patient and family’s 
understanding. Information should be free of med-
ical speak and paced to optimize comprehension. 

Confidentiality is vital, and adolescents and young 
adults must be given the opportunity to meet pri-
vately with providers if requested.

Families of pediatric and adolescent cancer 
patients are concerned about the treatment’s 
impact on fertility. Regardless of whether a fam-
ily decides to pursue any fertility preservation, 
families do want information on risk of infertility 
and available fertility preservation options. 
Counseling and services often require coordina-
tion of care between multiple disciplines and ser-
vices and possibly between pediatric and adult 
institutions. Reproductive health discussions in 
CAYA cancer patients do not end at the time of 
diagnosis. As the patient matures, it is imperative 
the medical team provides patients with develop-
mentally appropriate information from diagnosis 
to survivorship.

2.6  Conclusion and Next Steps

A cancer diagnosis is an overwhelming, stress-
ful, and life-altering time for CAYA cancer 
patients and their families. In an increasing 
number of patients, improvements in treatment 
and supportive care shift the cancer experience 
from a terminal disease to a chronic illness [17]. 
As a result, healthcare providers caring for sur-
vivors of CAYA cancer need to become aware of 
unique medical and psychosocial risks from 
their past treatment exposures and cancer jour-
ney experiences. Fertility implications from 
cancer treatment are only one adverse issue 
many survivors must deal with [29, 47]. As dis-
cussed, advances and details in gonadal toxicity 
have been discovered, and as a result, CAYA 
treatment protocols have been amended to pro-
mote health and quality of life of survivors [3, 
66]. Nevertheless, while advances have been 
made in the field of oncofertility as outlined in 
this chapter and others, we still have an immense 
amount of work to do.

As providers, we need to appreciate a true 
understanding of the impact of infertility and ste-
rility on our patients, as it is often an extremely dif-
ficult consequence of cancer treatment. The 
discussion of fertility preservation needs to occur 
prior to cancer treatment, but also an inquiry about 
patient’s readiness to find out about their own fer-
tility status needs to be brought up by  providers at 
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every encounter. This starts with oncology provid-
ers including physicians, RNs, and APPs abstract-
ing the patient’s treatment details and providing 
them with a Survivorship Care Plan (SCP) or treat-
ment summary. This  document serves as a conduit 
of information for the current medical team to 
understand actual or potential late effects of treat-
ment, including fertility implications. The SCP can 
be shared with current and future providers such as 
primary care providers. As CAYA cancer patients 
enter into the “adult” medical world, there is a 
known lack of knowledge about late effects of ther-
apy, and it becomes a barrier to care for patients 
and providers [31, 36, 44]. Arming our self with 
available resources is critical for our own knowl-
edge and also enables us to educate our patients. 
An excellent resource is The Children’s Oncology 
Group Long-Term Follow- Up Guidelines for 
Survivors of Childhood, Adolescent and Young Adult 
Cancers and their accompanying patient education 
materials called “Health Links.” These are available 
for no cost at 7 http://www. survivorshipguidelines. 
org [37]. Another useful resource for the CAYA 
population is ASCO’s “Focus Under 40” found at 
7 http://university. asco. org/focus-under-forty which 
has information on male and female fertility pres-
ervation, survivorship, and supportive care. We 
continue to recognize the importance of quality of 
life for survivors, and it is our ultimate goal to have 
CAYA survivors a long and fulfilling life, which 
includes the opportunity to become a parent if 
desired.

 Review Questions and Answers

 ?  Q1.  Which class of chemotherapeutic 
agents is best known for their gonadal 
toxicity and associated infertility/
sterility?

 v  A1.  Alkylating agents such as 
cyclophosphamide, ifosfamide, 
procarbazine, and busulfan are known 
to be associated with reduced fertility.

 ?  Q2.  A 32-year-old female treated at age 15 
for Hodgkin lymphoma with MOPP 
(nitrogen mustard (melphalan), 
oncovorin, procarbazine, and 
prednisone) without radiation arrives 

in your office and wants to discuss a 
fertility workup. She has attempted 
pregnancy for 9 months without 
success. What type of doctor would 
you ideally refer her to?

 v  A2.  This patient should be referred to a 
reproductive endocrine specialist who 
can counsel her on an evaluation, 
review results, and make appropriate 
referrals.

 ?  Q3.  True or false? All patients who received 
cancer treatment are at risk for 
infertility/sterility.

 v  A3.  False. Many patients treated with 
chemotherapy and direct radiation not 
encompassing the abdomen or 
gonads may conceive or sire a 
pregnancy. This notion of cancer = 
infertility reiterates the importance for 
obtaining detailed cancer treatment 
records including cumulative dosages 
of alkylating agents if possible.

 ?  Q4.  What are some reliable resources for 
physicians and advanced practice 
providers to access to educate 
themselves about advances in 
reproductive medicine and counseling 
CAYA survivors on their risk of 
infertility?

 v  A4.  The American Society of Clinical 
Oncology (ASCO) and the National 
Comprehensive Cancer Network 
(NCCN) have developed clinical 
guidelines and education materials for 
providers (7 asco. org, 7 NCCN. org). 
The ASCO website offers Focus Under 
40 which includes education programs 
for male and female fertility 
preservation and survivorship at 
7 https://university. asco. org/
focus-under-forty. The Children’s 
Oncology Group Long-Term Follow-Up 
Guidelines available at 7 http://
www. survivorshipguidelines. org offer 
health links on male and female 
reproductive system issues.

Childhood, Adolescent, and Young Adult Cancer
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Key Points
 5 Epithelial ovarian cancer is a highly 

lethal gynecologic malignancy, because 
screening modalities are unsuccessful in 
identifying early- stage cancers.

 5 Only a small percentage of cases are 
associated with a hereditary predisposi-
tion due to a gene mutation, such as 
BRCA1/2 or the Lynch syndrome genes.

 5 Identifying those women who carry the 
hereditary predisposition for developing 
epithelial ovarian cancer allows them to 
initiate preventive and proactive 
measures to reduce their risk of develop-
ing epithelial ovarian cancer.

 5 Knowledge of a hereditary predisposi-
tion to epithelial ovarian cancer may 
cause women to choose preventive 
measures that will temporarily reduce or 
permanently eliminate the ability to 
conceive.

 5 Assisted reproductive technologies may 
allow women to reproduce or conceive 
even when electing to initiate preventive 
measures.

3.1  Introduction

In the foreword to the first book on oncofertility by 
Woodruff and Snyder, the authors stated that 
oncofertility bridges traditional areas of basic sci-
ence and medical science to provide reproductive 
options to young people who survive life- 
preserving but fertility-threatening treatments for 
cancer [1]. Advances in technology combined with 
physicians’ and the general public’s awareness of 
the hereditary predisposition to cancer have found 
a large cohort of reproductive-aged women poten-
tially in need of oncofertility techniques. For many 
women carrying a gene mutation giving her this 
predisposition, she may choose to have prophylac-
tic surgery to prevent and, essentially, treat cancer. 
For these mutations, there are recommendations 
for risk-reducing salpingo- oophorectomy (RRSO) 
[2]. Interventions such as RRSO can adversely 
affect a woman’s ability to conceive and carry a 
pregnancy. However, women who have a heredi-
tary predisposition to develop ovarian cancer at a 
higher frequency and younger age than is typically 
observed in the general population face not only a 

highly lethal malignancy but also interventions 
that temporarily or permanently prevent them 
from having children. Many women, after discov-
ering this mutation and predisposition, identify as 
previvors and use this knowledge to be proactive. 
In the public eye, knowledge of these gene muta-
tions and the option for preventive surgery were 
popularized by Academy Award-winning actress, 
Angelina Jolie, who had prophylactic mastecto-
mies in 2013 and a laparoscopic bilateral salpingo- 
oophorectomy in 2015 after finding out that she 
carried a BRCA1 mutation [3]. While preventive 
and therapeutic interventions for other malignan-
cies can adversely affect the ability of affected 
women to reproduce, epithelial ovarian cancer 
(EOC) is unique in that for the highest risk women, 
preventive interventions usually occur during the 
reproductive years and that the most effective pre-
vention involves ovarian removal, reducing the 
capacity to produce biologic offspring. Nonetheless, 
advancements described throughout this book 
have given promise to these women.

Epithelial ovarian cancer is associated with 
profound morbidity and high rates of mortality, 
and unfortunately, no effective or agreed-upon 
screening protocol has been developed for all 
women [4]. This is the case even with advances in 
ultrasound technology or years of experience 
using the tumor marker CA-125. Most EOCs 
occur in postmenopausal women without a sig-
nificant family history or gene mutations. 
Approximately 20–25% of women with EOC 
carry a hereditary predisposition [5]. Although 
the chances are more likely, gene mutations are 
detected in the minority of women who develop 
premenopausal ovarian cancer. Nonetheless, the 
presence of mutations in specific genes, such as 
BRCA1, BRCA2, or the Lynch syndrome genes, 
will predispose women to develop ovarian cancer 
at a markedly higher frequency and younger age 
not commonly observed in the general popula-
tion. Other lower penetrance genes have been 
discovered, and testing is being offered clinically, 
but there is little doubt that changes in other genes 
are responsible for the development of ovarian 
cancers and other solid tumors. This may often 
involve multiple gene aberrations and the simul-
taneous effect of genetic and environmental fac-
tors to explain the development of most ovarian 
and other malignancies. Our current knowledge 
of the “oncogenome” relevant to EOC has 
expanded and changed since the last edition of 
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this text, but it is somewhat limited to certain 
genes that have been associated with the develop-
ment of ovarian malignancy.

There are effective preventive approaches for 
reproductive-aged women at increased risk for 
developing epithelial ovarian cancer. These 
approaches are invariably associated with either 
fertility delay (combined oral contraceptive pills 
(COCPs)) or permanent infertility (tubal ligation, 
salpingectomy, bilateral salpingo-oophorectomy). 
Given this, when a reproductive-aged woman is 
identified at an increased risk for ovarian cancer, a 
discussion of these preventive approaches should 
be a part of family planning as well as fertility 
preservation for those women seeking to become 
pregnant now or in the future.

Our knowledge of the oncogenome continues 
to expand and provide important information for 
delineating mechanisms of tumorigenesis that are 
of considerable value in the development of effec-
tive preventive, screening, diagnostic, and thera-
peutic protocols. This can be accomplished by 
sequencing the tumor itself. In this way, oncofer-
tility provides a bridge from basic science to clini-
cal practice that can empower reproductive-aged 
women to conceive despite undergoing interven-
tions chosen to prevent or treat malignancy. In 
order to familiarize readers with those genetic 
findings that increase a woman’s likelihood of 
developing ovarian cancer, this chapter will pro-
vide a review of the disease and genomic epidemi-
ology of EOC and the genetic mechanisms 
associated with a predisposition to the develop-
ment of epithelial ovarian cancer.

3.2  Epithelial Ovarian Cancer

Approximately 70% of ovarian malignancies are 
epithelial in nature and are characterized by histo-
logical subtypes such as serous, mucinous, endo-
metrioid, and clear-cell tumors. While cervical 
cancer remains the most common cause of gyne-
cologic cancer death worldwide (265,000 per 
year), EOC is the leading cause of death from 
gynecologic malignancy in the developed world. It 
is estimated that EOC is diagnosed in approxi-
mately 240,000 women worldwide and results in 
the deaths of 150,000 women each year [6]. In the 
United States, there are approximately 22,000 new 
cases of ovarian cancer diagnosed, with more than 
14,000 deaths attributed to EOC annually [7]. One 

reason for this difference in causes of gynecologic 
cancer death in the industrialized and developing 
world is that EOC usually does not present with 
unique symptoms that would indicate the pres-
ence of an early malignancy, such as endometrial 
cancer and abnormal uterine bleeding. 
Additionally, there is no effective screening algo-
rithm to identify women with early ovarian cancer, 
as is available worldwide with the Papanicolaou 
test for cervical dysplasia and cancer [8]. While 
early-stage EOC is associated with generally good 
clinical outcomes, most ovarian cancers (approxi-
mately 70%) are unfortunately detected at a more 
advanced stage and are associated with generally 
poor survival rates despite continuing advance-
ments in surgical techniques and chemotherapy 
regimens [9]. The gynecologic oncology commit-
tee of the International Federation of Gynecology 
and Obstetrics (FIGO) incorporated EOC, fallo-
pian tube, and primary peritoneal cancers to one 
unified staging approach in 2014 [10].

In addition to the lack of unique associated 
symptoms and an effective screening protocol, 
no specific patient characteristics (e.g., obesity 
and endometrial cancer), lifestyle issues (multi-
ple sexual partners or smoking and cervical can-
cer), or environmental factors (human papilloma 
virus and cervical cancer) are strongly associated 
with the development of EOC.  Nonetheless, 
reproductive history does provide some informa-
tion in assessing a woman’s risk for developing 
EOC. Nulliparous women in the general popula-
tion are at a higher risk for developing EOC than 
those women who have had children [11]. The 
birth of the first child reduces one’s risk for devel-
oping EOC by 45%, with each additional preg-
nancy further reducing that risk by 15% for each 
pregnancy [12]. There also is a known risk reduc-
tion for ovarian cancer with a younger age at first 
pregnancy and birth, if under age 25, the use of 
COCPs, and/or breastfeeding [11]. Smoking, 
obesity, and assisted reproductive technologies 
have not been shown to increase the risks for 
EOC [13–15].

Outside of a known mutation in a gene impart-
ing a hereditary predisposition to ovarian cancer, 
family history is the strongest risk factor associ-
ated with an increased likelihood for developing 
EOC.  A woman who has a first-degree relative 
(e.g., mother, sister, daughter) with EOC will have 
her risk increased from the baseline 1.4% popula-
tion risk to 4–5%, while two affected  relatives will 
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increase a woman’s risk fivefold to 7% [16]. An 
additional factor in assessing risk in women with 
a family history of EOC is the age at diagnosis; 
Auranen and colleagues showed that affected rela-
tives with a diagnosis of EOC before the age of 55 
conveyed a higher risk than those relatives with 
EOC diagnosed after the age of 55 [17].

Despite no effective screening modality yet 
developed for EOC, risk reduction can be 
achieved by both high- and low-risk women. The 
use of COCPs has been shown to reduce the risk 
of developing EOC in all women regardless of 
their underlying risks. The longer the use, the 
greater the preventive effect there is. This is better 
shown with BRCA1/2 carriers in that there can be 
a 33–80% risk reduction with 1  year of use in 
BRCA1 carriers and a 58–63% risk reduction in 
BRCA2 carriers [18]. In most studies, the use of 
COCPs in BRCA1/2 mutation carriers does not 
appear to be associated with a consistently 
increased risk for developing breast cancer [19]. 
Other interventions that have been associated 
with risk reduction include breastfeeding, tubal 
ligation, bilateral salpingectomy, and RRSO. All of 
these interventions, including the use of COCPs, 
are associated with an inability to conceive, with 
tubal ligation, salpingectomy, and RRSO associ-
ated with permanent sterilization. For 
reproductive- aged women seeking future child-
bearing, consideration of the timing of future 
pregnancies is critical in the choice of a risk- 
reducing intervention. While the removal of the 
tubes and ovaries is associated with the most pro-
found reduction in risk, RRSO is the one approach 
that prevents any possible future childbearing 
using one’s own oocytes. When this is performed 
prior to menopause, it is associated with an 
increased risk for premature cardiovascular mor-
bidity, osteoporosis, cognitive impairment, and 
all-cause mortality if postoperative estrogen ther-
apy is not initiated [20, 21].

3.3  Heritable Cancer Syndromes 
and EOC

The majority of EOC cases occur in women without 
a family history indicating an increased risk. 
However, approximately 9–24% of EOC cases are 
due to the woman having inherited a mutation in a 
gene associated with an increased predisposition to 
develop EOC.  A number of different genes have 

been associated with the hereditary predisposition 
to EOC including hereditary breast and ovarian 
cancer (HBOC) syndrome, due to mutations in 
BRCA1/2, Lynch syndrome (previously referred to 
as hereditary nonpolyposis colorectal cancer 
(HNPCC) syndrome), and other genes, such as 
BRIP1, RAD51C, and RAD51D. Other genes have 
been identified as having an association with a 
hereditary risk for EOC, and are appearing on clin-
ical laboratory panels for testing (see 7 Sect. 3.6). 
These predispositions are the result of the autoso-
mal dominant inheritance of highly penetrant 
germline mutations in tumor-suppressing genes. 
The inheritance of a mutated copy of one of these 
genes not only conveys a markedly increased risk 
for developing EOC but also increases the likeli-
hood of developing the malignancy at a far younger 
age than is usually observed in the general popula-
tion. It is this characteristic of hereditary ovarian 
cancer that profoundly impacts the woman found 
to be a carrier of an inherited mutation in a tumor- 
suppressing gene and leads many to the consider-
ation of risk-reducing interventions that impact the 
ability to conceive and may preclude the possibility 
of any future pregnancies.

3.4  Genetic Mechanisms

The increased risk for developing cancer in 
women with mutations from cancer susceptibility 
genes begins with the inheritance of a germline 
mutation from either parent. While EOC can only 
occur in females, genes that predispose to the 
development of EOC are autosomal dominant in 
nature and thus can be inherited from either par-
ent. This concept is critical with regard to family 
history information as both parents can transmit 
gene mutations. Based on this, obtaining careful 
family histories of an individual’s maternal and 
paternal families is key to developing an accurate 
risk assessment. Limited family structures, such 
as adoption, early ages at hysterectomy/oophorec-
tomy in family members, and smaller numbers of 
women in a family can make family history inter-
pretation more difficult.

By definition, this germline mutation is pres-
ent from conception, and thus, every cell of the 
individual will have the gene mutation, which is a 
fact likely associated with the multiorgan effect of 
many cancer susceptibility genes. Other key 
genetic concepts such as penetrance and variable 
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expressivity are present with these syndromes. 
Penetrance refers to the proportion of individuals 
with a mutation causing a particular disorder 
who exhibit clinical symptoms of that disorder. 
This is why not every individual with one of these 
mutations will develop cancer and some will not. 
Variable expressivity is the variation in the type 
and clinical severity of clinical features in a 
genetic disorder between affected individuals. In 
practice, this is why some women with a BRCA1 
mutation will develop only breast cancer and 
some will only develop ovarian cancer. This is 
why some women with a Lynch syndrome muta-
tion will develop endometrial cancer and some 
will develop ovarian cancer.

Nonetheless, the inheritance of a cancer sus-
ceptibility allele is only the first step in promoting 
the development of EOC. Its presence does not 
guarantee that an individual with an inherited 
susceptibility gene mutation will go on to develop 
EOC. The development of EOC, as well as other 
heritable cancers, depends on the occurrence of 
the second step [22]. When an individual has 
inherited the first “step,” this explains why such 
individuals have a higher risk for developing can-
cer than the general population and why the 
malignancy usually occurs at a younger age. Since 
the mutation is present in all cells, it also explains 
why cancer in multiple organs is possible or, in the 
case of breast cancer, why bilateral disease from 
two separate primary cancers is more likely.

Cancer is a disease of somatic cells; however, if 
two or more events are needed for the cells to 
become malignant, then inheriting the first step, 
as opposed to waiting for it to occur through envi-
ronmental impact, will surely increase the likeli-
hood of it occurring compared to those who do 
not inherit such mutations. The second and any 
subsequent step is invariably somatic (or individ-
ual to the particular cell) in nature, also explaining 
why not everyone who inherits a susceptibility 
gene develops the malignancy. Molecular studies 
of cancers in individuals with malignancies arising 
from hereditary cancer syndromes frequently 
show a loss of heterozygosity at the genomic posi-
tion of the tumor suppressor gene in the tumor 
tissue. The loss in heterozygosity is the second step 
in the development of malignancies in individuals 
who have inherited mutated susceptibility genes.

It is unclear from what the second step origi-
nates. There are numerous mechanisms that likely 
lead to this loss of heterozygosity and, thus, inac-

tivation of the tumor-suppressing gene. While 
such cellular and nuclear events are common and 
widespread mechanisms and are mostly random 
processes by which genes and chromosomes are 
deleted, replaced, or rearranged, in the presence 
of an inherited gene mutation, such events can 
lead to the inactivation of tumor-suppressing 
gene function and predispose that organ to 
undergo malignant transformation. In such cases, 
this process is known as biallelic inactivation. 
Inherited biallelic mutations are exceedingly rare 
and present with a different clinical presentation 
than that described with monoallelic (dominant) 
inheritance. These, more commonly, can cause 
childhood malignancies.

It is interesting to note that while most heredi-
tary cancer syndromes, including EOC, are 
mostly transmitted in and present as a classic 
autosomal dominant inherited condition, the 
requirement of a second step that inactivates both 
alleles (biallelic inactivation) makes the cellular 
mechanism necessary for the promotion of 
tumorigenesis to be recessive in nature.

3.5  Heritable Cancer Syndromes 
and EOC

3.5.1  Hereditary Breast and Ovarian 
Cancer (HBOC)

Hereditary breast and ovarian cancer syndrome 
(HBOC) is characterized by families with multi-
ple members with breast cancer and EOC, with 
many families having more cases of breast cancer 
than ovarian cancer. HBOC families, like other 
families with hereditary cancer predisposition 
syndromes, are characterized by a far earlier age 
of onset than is seen in the general population, as 
well as a higher likelihood of bilateral or multior-
gan disease. In addition, HBOC families have a 
markedly higher frequency of family members 
with breast cancer and EOC occurring in the 
same individual and, for some gene mutations, a 
strikingly higher risk for breast cancer in men or 
possibly prostate or pancreatic cancers.

The majority of families with HBOC have 
inherited mutations in one of two tumor- 
uppressing genes, BRCA1 and BRCA2. The name 
of these genes, initially discovered by Dr. Mary- 
Claire King, was inspired by Paul Broca, a French 
pathologist, who, in the 1860s, proposed that 
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breast cancer may run in families. The name may 
also come from the words breast cancer or 
Berkeley, California, where King attended gradu-
ate school (King MC, personal communication, 
10 May 2005). Ramus and colleagues showed that 
81% of families with at least two cases of EOC and 
one case of breast cancer had a deleterious muta-
tion in BRCA1 or BRCA2, thus confirming earlier 
studies and models demonstrating that the major-
ity of cases of HBOC are associated with BRCA1/2 
mutations [23, 24].

BRCA1, discovered in 1994, is located on 
chromosome 17q21, contains 22 coding exons, 
and spans 80 kb DNA, whereas BRCA2 is located 
on chromosome 13q12-13, contains 26 coding 
exons, and spans 70 kb DNA. Both genes are part 
of the DNA breakage repair pathway and appear 
to function as tumor suppressor genes, with 
mutations resulting in highly penetrant suscepti-
bility to breast cancer and EOC.  Mutations of 
BRCA1/2 associated with the development of 
EOC and breast cancer are found throughout the 
coding regions and at splice sites. Most of these 
mutations are small insertions or deletions that 
lead to frameshift mutations, nonsense mutations, 
or splice site alterations, all of which lead to pre-
mature protein termination and altered or absent 
proteins [25]. In addition to these mutations and 
some missense mutations, large deletions and 
rearrangements not detectable by standard PCR 
have been identified and have become routinely 
part of the molecular testing provided to those 
undergoing BRCA1/2 analysis [26]. Indeed, these 
large genomic alterations have been found to be 
relatively common in some populations from cen-
tral Europe and the United States [27].

As BRCA1/2 are autosomal genes with high 
penetrance, transmission can occur either mater-
nally or paternally. Based on this, equal attention 
must be paid to the paternal relatives of a woman 
being evaluated for a possible mutation. BRCA1 
mutations do not frequently result in increased 
risk for cancer in men, but BRCA2 mutations 
increase the risk for male breast cancer. Not see-
ing cancers in men in a family does not exclude 
the possibility that a mutation may be paternally 
inherited. While those families with either few 
members or few females pose a challenge in coun-
seling, as affected females provide the main evi-
dence of the existence of a deleterious BRCA1/2 
mutation, this perceived skewing of parental 
transmission shows that in many cases, affected 

females in the paternal lineage are either ignored 
or not considered on an equal status with affected 
members from the maternal lineage. This may 
occur because of a misperception that HBOC is a 
disease of women and that genetic events in pater-
nal families do not play an important role. Both 
sides of the family must be considered in per-
forming a risk assessment of family history [28].

The frequency of BRCA1/2 mutations in the 
general population is estimated to be 1/300–800 
[29]. BRCA1/2 mutations are found in approxi-
mately 6–8% of EOC cases but in 80–90% of 
hereditary breast-ovarian cancer syndrome and 
in 65–85% of hereditary ovarian syndromes (see 
. Fig.  3.1) [30, 31]. Certain populations and 
communities have a higher frequency of BRCA1/2 
mutations than that found in the general popula-
tion. In the United States, BRCA1/2 mutations are 
found in approximately 1 of every 40 individuals 
of Eastern European (Ashkenazi) Jewish ances-
try, a frequency far higher than the general US 
population [32]. Specifically, three mutations 
(c.68_69delAG and c.5266dupC in BRCA1 and 
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       . Fig. 3.1 Proportion of hereditary predisposition gene 
mutations associated with EOC. (With permission from 
Toss et al. [31])
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c.5946delT in BRCA2) account for approximately 
90% of mutations detected [33] In Iceland, the 
c.771_775del5 mutation in BRCA2 accounts for 
approximately 8% of all cases of EOC occurring 
in Icelanders [34]. These mutations are known as 
“founder mutations,” because in certain popula-
tions begun by a small ancestral group initially 
isolated by societal behavior, geography, or geo-
political events, certain gene variants in the origi-
nal “founders” of a population can become far 
more common in succeeding generations than 
would occur in the general population.

The identification of founder mutations allows 
for more facile screening of individuals of those 
groups associated with founder mutations. As 
such, evaluating individuals of Ashkenazi ances-
try for a BRCA1/2 mutation can be accomplished 
by first determining the presence of one of these 
three mutations, unless previous analysis of an 
affected relative revealed a different (nonfounder) 
BRCA mutation associated with breast or ovarian 
cancer. However, it would be best if a “single site” 
analysis would be augmented with a three-site 
founder mutation analysis if the family history 
has Ashkenazi heritage on the other side of the 
family, due to the relatively high prevalence. If 
testing for a founder mutation is found to be neg-
ative, then gene sequencing and rearrangement 
analysis should be offered to provide a complete 
and thorough molecular evaluation. It is accept-
able to initially proceed with sequencing and rear-
rangement analysis of both genes whether these 
two genes are the first ones tested or, now more 
commonly, as part of a multigene testing panel.

BRCA1 mutations appear to confer a higher 
risk for developing EOC than BRCA2 mutations. 
Estimates of the prevalence of ovarian cancer in 
women with BRCA1 mutations range from 37% 
to 63% by the age of 70 and from 10% to 27% in 
BRCA2 mutation carriers [32, 35–40]. BRCA1/2 
mutations are associated with the development of 
serous epithelial ovarian cancers, as opposed to 
mucinous or borderline subtypes.

3.5.2  Lynch Syndrome

Lynch syndrome was originally described by Dr. 
Henry Lynch in 1966 using inspiration from a 
1913 work by Dr. Aldred Scott Warthin [41]. The 
initial work followed families with strong family 
histories of nonpolyposis colorectal cancer. The 

name of the syndrome migrated to be known as 
hereditary nonpolyposis colorectal cancer 
(HNPCC) syndrome. As it was realized that other 
organ systems were also a part of the syndrome, 
such as endometrial, urogenital, pancreatic, and 
biliary tract and EOC, it is again known as Lynch 
syndrome. In women, the risk for colorectal can-
cer ranges from 18% to 53%, endometrial cancer 
from 16% to 60%, and EOC from 4% to 12% 
[42–47]. It should be noted that the risk to develop 
endometrial cancer may be higher in women than 
colorectal cancer.

Lynch syndrome mutations are seen in 
approximately 1:440 individuals [48]. Lynch syn-
drome is a result of gene mutations in the multi-
step mismatch repair (MMR) system. MMR genes 
are located on five different chromosomes and 
encode for proteins that recognize and repair 
damage in the DNA that leads to DNA mis-
matches. One complex of proteins consisting of 
the protein MSH2 combined with MSH6 or 
MSH3 recognizes the DNA mismatch and binds 
to the site. An inactivating mutation of MSH2 
blocks the ability to recognize a DNA mismatch 
negating the function of this complex. Mutations 
of either MSH6 or MSH3, on the other hand, may 
not have a similar deleterious effect as these two 
proteins have overlapping functions and thus, an 
inactivating or adverse mutation in one may not 
adversely affect the function of the overall MMR 
system. Once the mismatch is recognized, MLH1 
(with PMS2) then provides the necessary steps to 
resynthesize the DNA strand in its original and 
correct sequence. A total of five MMR enzymes 
have been delineated, and mutations in each of 
these genes have been identified, namely, MLH1, 
MSH2, MSH6, PMS2, and EPCAM. Mutations in 
the MLH1 and MSH2 genes are the most common 
and account for approximately 90% of observed 
mutations, followed in frequency by mutations in 
MSH6 and PMS2. . Table 3.1 shows genes associ-
ated with the mismatch repair system [44, 49–56].

It was surmised that the genetic mechanism 
for the increased risk for carcinogenesis in cases of 
MMR gene mutations was similar to that of BRCA 
mutations, Knudson’s two-hit hypothesis. 
Dominant inheritance of a mutation provided for 
the germline “first-step” and that a second somatic 
step led to the loss of the normal or “wild-type” 
co-allele and that this loss of heterozygosity even-
tually promoted the cellular aberration that 
resulted in malignant transformation of the cell 
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and, eventually, the organ. However, Aaltonen and 
colleagues found no loss of heterozygosity at a 
locus coinciding with the MSH2 site on chromo-
some 2 linked to colorectal cancer in 14 cases 
from three families, suggesting a cellular mecha-
nism different from the conventional mechanism 
attributed to biallelic inactivation and alteration of 
tumor-suppressing gene function in the develop-
ment of tumors. Another explanation for the find-
ings by Aaltonen and colleagues is that the MMR 
gene mutation, without the loss of heterozygosity, 
adversely affects the DNA mismatch repair mech-
anism, leading to a “domino-like” dysfunctional 
cascade on those cellular mechanisms responsible 
for proper growth and function [57]. Perhaps, the 
surprising findings of no loss of heterozygosity in 
Lynch colorectal cancer cases indicate that the 
genes being disrupted in the Lynch syndrome are 
those genes responsible for maintaining the 
proper DNA sequence and that adversely affecting 
their function, even with a only single allele and 
the maintenance of the wild- type allele, may be 
sufficient to initiate abnormal cellular and nuclear 
processes that lead to carcinogenesis.

These inactivating mutations not only prevent 
the repair of damaged DNA but also increase the 
rate of mutations at the DNA microsatellites of 
growth-regulating genes. Microsatellites are short, 
1–5 base pair long, polymorphic DNA sequences 
that are repeated 15–30 times at a given locus and 
distributed throughout the genome. Microsatellite 
instability (MSI) thus serves as a marker for MMR 
mutations. Analysis for microsatellite instability 
or immunohistochemical (IHC) staining is the 
first diagnostic step in determining the presence 
of a DNA repair defect for colon and endometrial 
tumors [58]. IHC can evaluate tumor tissue for 
the presence or absence of the proteins MLH1, 

MSH2, MSH6, and PMS2 but cannot assess the 
functionality of any of these proteins. IHC cannot 
determine whether the protein present does not 
function properly because of a missense mutation 
or due to hypermethylation, an epigenetic effect, 
and thus cannot definitively identify the gene with 
the mutation. IHC should be combined with MSI 
to screen prospective tumors for MMR mutations. 
MSI is a common feature of Lynch-associated 
tumors; however, studies of MSI in the ovarian 
tumor tissue from EOC have not provided consis-
tent diagnostic correlation [59].

Although BRCA1/2 mutation accounts for the 
majority of cases of hereditary EOC, Lynch syn-
drome mutations account for a smaller propor-
tion of EOC cases, approximately 10–15% (see 
. Fig. 3.1) [31]. As stated, ovarian cancer associ-
ated with BRCA1/2 mutations are mostly serous 
in nature. Lynch mutation-related ovarian cancer 
is associated with a variety of ovarian cancer his-
tologies including endometrioid and clear-cell 
cancers.

Assessing a family for Lynch syndrome is 
accomplished by determining whether the history 
meets Amsterdam II criteria. If a family history is 
suggestive of Lynch syndrome but the criteria 
cannot be met because of family size or other fac-
tors, consideration of risk can be accomplished 
using revised Bethesda criteria. The National 
Comprehensive Cancer Network (NCCN) has a 
separate set of criteria that incorporates the above 
systems with updated literature reviews and is fre-
quently updated [60]. Women with Lynch muta-
tions do not have an associated increased risk for 
developing breast cancer; as such, family histories 
with multiple family members with ovarian can-
cer and no cases of breast cancer, but having fam-
ily members with Lynch-associated malignancies 
(e.g., colorectal cancer, endometrial cancer), 
could first be evaluated for MMR mutations 
rather than BRCA1/2 mutations if a multigene 
panel is not initially chosen.

The lifetime risk for developing EOC in 
women with a Lynch syndrome mutation is 
4–12%, which is a tenfold increase over the gen-
eral population risk (1–1.5%) but less than the 
risk associated with BRCA1/2 mutations. Most 
cases of ovarian cancer in Lynch syndrome fami-
lies are malignant epithelial tumors, most of 
which are well or moderately differentiated and 
are FIGO Stage I or II at the time of diagnosis. 
This is in sharp contradistinction to BRCA1/2 

       . Table 3.1 Genes associated with mismatch 
repair system [44, 49–56]

Gene name Frequency in 
Lynch pts

Chromosome 
locus

MLH1 50% 3p21.3

MSH2 40% 2p22-p21

MSH6 7–10% 2p16

PMS2 <5% 7p22

EPCAM ~1–3% 2p21
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mutation-associated tumors, which tend to pres-
ent in a more advanced stage and be more poorly 
differentiated. As with other cancer susceptibility 
genes, certain mutations in particular populations 
may exert a different impact on cancer risk than 
that typically observed in the general population. 
However, similar to women with BRCA1/2 muta-
tions, women with Lynch mutations tend to 
develop EOC at a younger age.

3.6  Other Genes Related to EOC

At the time of this publication, three other genes 
have testing, screening, and management guide-
lines by the NCCN.  These include BRIP1, 
RAD51C, and RAD51D [2]. Advances in technol-
ogy, primarily utilizing multigene testing panels, 
have made testing for many genes outside of 
BRCA1/2 and the Lynch syndrome genes much 
more easily clinically available.

BRIP1 is a gene in the Fanconi anemia pathway 
on chromosome 17q23.2. It is named for BRCA1-
Interacting Protein 1 as it can bind to the C termi-
nus of the BRCA1 protein. BRIP1 mutations can 
alter the ability to assist in double-strand break 
repairs [61]. These mutations have been associated 
with a lifetime risk of ovarian cancer up to 5.8% 
[62]. Unlike BRCA1, BRIP1 has not been associ-
ated with an increased risk for breast cancer [63].

RAD51C and RAD51D are part of the RAD51 
family of genes. They code for strand-transfer 
proteins which are involved in the recombina-
tional repair of DNA damage and in meiotic 
recombination [64]. RAD51C on chromosome 
17q22 was first suspected to be involved in ovar-
ian cancer in 2010, and RAD51D on chromosome 
17q12 had its first ovarian cancer publication in 
2011 [65, 66]. NCCN compared these genes’ risks 
for ovarian cancer to the lifetime risk of a woman 
without a BRCA1/2 mutation to develop ovarian 
cancer, 2.6%, in order to determine if there was 
enough evidence to assign a greater risk [67]. 
RAD51C mutations increase the risk for ovarian 
cancer at 60–64  years of age. RAD51D imparts 
this risk at 50–54 years of age [68]. The 2.6% fig-
ure was used to determine a mutation’s excess risk 
in order to validate performing an RRSO.

Other genes related to ovarian cancer have 
been proposed. Their risks are not as well- 
established, but through various clinical laborato-
ries, testing is available. These genes include 

CHEK2, MRE11A, NBN, PALB2, RAD50, and 
TP53. TP53 is the gene, when mutated, which is 
responsible for Li-Fraumeni syndrome. This syn-
drome is characterized by a wide spectrum of 
cancers, especially at young ages. Soft tissue sar-
comas, osteosarcomas, premenopausal breast 
cancer (<31  years of age), colon cancer, brain 
tumors, adrenocortical tumors, and others have 
been associated with this rare cancer predisposi-
tion syndrome (see . Fig. 3.1). The lifetime rates 
for cancer approach 100% in men and women 
[69]. Current guidelines for mutations in TP53 or 
CHEK2 and NBN (both low penetrance breast 
cancer genes) mutations do not advocate for 
RRSO [2].

3.7  Counseling of Women at 
Increased Risk for Developing 
EOC

Even though only a small percentage of ovarian 
cancers can be attributed to a hereditary predis-
position to cancer, identifying those women at 
risk for inheriting a susceptibility gene is critical 
in order to provide optimal care and manage-
ment. Such knowledge can modify medical care 
for screening, chemoprophylaxis, and/or prophy-
lactic surgery. As hereditary EOC tends to occur 
at an earlier age than sporadic cases, given the 
lack of an effective screening protocol, it is impor-
tant to identify these high-risk women so that 
prevention and management options can be pro-
vided. These typically occur during a woman’s 
reproductive years. While effective breast screen-
ing protocols do exist for women at increased risk 
for breast cancer, and while some of the preven-
tive interventions for breast cancer can reduce 
fertility, such as chemoprophylaxis with a selec-
tive estrogen receptor modulator (SERM) like 
tamoxifen, all of the preventive measures avail-
able to reduce the risk of EOC in high-risk and 
low-risk women involve temporary or permanent 
inhibition of fertility.

Personalizing these interventions can allow a 
clinician to provide an optimal balance for reduc-
ing the risk of EOC and allowing a woman to 
maintain her reproductive capacity for as long as 
she wishes to conceive. This is a key goal of cancer 
genetics programs. Conversely, testing the entire 
population for susceptibility genes is not cur-
rently feasible because of economic factors and 
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the relatively low frequency of these deleterious 
genes in the general population. Currently, the 
most effective tool for determining the risk for 
hereditary EOC and for providing genetic testing 
is genetic counseling and cancer risk assessment.

The primary care provider holds the key to the 
effective identification of those individuals at an 
increased risk for hereditable cancers. A thorough 
assessment of the family history is the most vital 
component. Individuals with a personal or family 
history suggestive of a hereditary predisposition or 
familial cancer, due to a combination of multiple 
genetic and environmental factors, should be 
referred for further counseling and cancer risk 
assessment. This can be performed at a genetics 
center, oncology center, or any facility that has 
trained personnel equipped to properly evaluate 
personal and family histories and to perform a can-
cer risk assessment. Such personnel are, but are not 
necessarily limited to, genetic counselors, clinical 
geneticists, oncologists, gynecologists, internists, 
family medicine providers, nurse practitioners, or 
other professionals who provide care to those who 
are at risk for cancer and cancer syndromes and 
who have the expertise and interest to do so.

Patients should never be coerced into under-
going cancer risk assessments or genetic testing. 
The long-standing tenet of nondirective counsel-
ing must be followed when discussing cancer risk 
with patients, and patient autonomy must always 
be respected. Counseling should be there to 
empower individuals to make informed decisions 
about their health management and not to dictate 
or mandate individuals to undergo or forego cer-
tain tests or management options based on the 
opinions of the genetic counselor or provider. 
Women who are identified as being at an increased 
risk for hereditary predisposition to EOC by their 
primary care provider may benefit from a thor-
ough and detailed discussion with a specialist 
about their risk for developing cancer, the screen-
ing and testing that is available to define their 
actual risk, and the preventive interventions that 
are available to them, even if they ultimately 
choose to decline or postpone any further evalua-
tion or risk-reducing intervention. In addition to 
providing information that can reduce morbidity 
and mortality, this counseling can also address the 
anxiety and the numerous psychosocial issues that 
a personal or family history or cancer can induce.

The process used to identify and logistics used 
to refer women at an increased risk for hereditary 

cancer syndromes may be hampered by the con-
siderable barriers to such endeavors. Taking a 
family history involves time, which is something 
very limited in most primary care providers’ daily 
schedules. For those clinicians who are able to 
develop detailed family histories, existing elec-
tronic medical record systems frequently do not 
easily facilitate the updating of such detailed fam-
ily history information in an organized fashion. 
Having multiple different cancers in a family may 
be independent, but some combinations of can-
cers may indicate a higher risk for a completely 
different cancer syndrome. Identification of more 
complicated family histories and a referral to a 
provider more experienced in these assessments 
are key. A joint document between the American 
College of Genetics and Genomics and the 
National Society of Genetic Counselors was writ-
ten to simplify and help guide providers in learn-
ing which genes to focus given a personal and/or 
family history of cancer [70]. As previously stated, 
the NCCN has well-delineated and frequently 
updated criteria for who would deserve genetic 
counseling and testing for many syndromes, 
including Lynch and HBOC [60].

When a woman is referred for further coun-
seling, a specific cancer risk assessment can be 
performed. While risk models are not available 
for all malignancies, risk models are available for 
HBOC and EOC. Risk models take into account a 
wide spectrum of family risk factors including age 
of onset, number and relation of affected mem-
bers, and presence of associated cancers among 
other personal and disease characteristics. It is 
again important to emphasize that cancer suscep-
tibility genes are autosomal and thus transmissi-
ble by either one’s father or one’s mother. Attention 
must be paid to both sides of the family, with the 
recognition that families with relatively few 
females may be difficult to identify as being a fam-
ily with a cancer susceptibility gene for EOC 
because of the relatively few individuals with a 
potential for ovarian cancer and the phenotypic 
expression of the mutated susceptibility gene.

When genetic testing is decided upon, it is 
optimal to test the affected family member(s), as 
such individuals’ test results are the most infor-
mative for the family and they are most likely to 
possess a deleterious mutation. This is obviously 
not always possible, so, in such cases, testing those 
family members who are most closely related to 
those affected members is appropriate. One 
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should be aware that such testing is not always 
possible and testing individuals who are neither 
affected nor closely related to affected members 
may be appropriate. These individuals’ test results, 
especially when negative, may not be able to elim-
inate the possibility that there is a hereditary pre-
disposition in the family. In some cases, family 
members who are either affected or closely related 
to affected relatives may choose not to test or 
choose to not release test results, requiring less 
closely related family members to get testing to 
determine their mutation status.

Genetic tests for these predisposition mutations 
are resulted as negative or having a sequence vari-
ant. Negative means that the genetic sequence for 
that gene is the wild-type as previously defined. If 
there is a variant in the sequence, this is further 
subdivided into “pathogenic,” “likely pathogenic,” 
“uncertain significance,” “likely benign,” and 
“benign” [71]. Pathogenic or likely pathogenic vari-
ants have been shown in clinical practice or by rig-
orous laboratory modeling to lead to a hereditary 
predisposition. Benign or likely benign refers to 
gene changes shown not to have a harmful effect or 
impart a hereditary predisposition. To be in the 
likely categories, there needs to be 90% certainty. In 
the middle is a variant of uncertain significance 
(VUS), which can be quite confusing in a clinical 
and counseling sense. These are sequence variants 
that have lack of clarity or disagreements in their 
definition. These variants can be reclassified with 
further knowledge from research and reporting of 
data. Caution must be made to not overcall or act 
on a result without a well-defined clinical meaning.

3.8  Surgical Intervention 
and Afterward

Given the fact that the screening options for EOC 
are not agreed upon nor have they been shown to 
be effective, surgical removal of the fallopian tubes 
and ovaries is the most definitive method to 
decrease a woman’s risk for EOC. A meta-analysis 
has shown the decrease in EOC risk by 80% in 
BRCA1/2 carriers [72]. When performed prior to 
menopause, there is an added decrease in breast 
cancer risk by 37–100% [73]. The fallopian tubes 
are included, as it is now believed that the tube is 
the origin for many ovarian and peritoneal cancers 
and fallopian tube cancer is a part of both the spec-
tra of HBOC and Lynch syndromes [74]. It is felt 

that 60% of ovarian cancers originate in the tubes 
[75]. A precursor lesion in the tube, called serous 
tubal intraepithelial carcinoma (STIC), is being 
increasingly identified and is seen more often in 
BRCA1/2 carriers, up to 10–15% [76]. STIC lesions 
and a different precursor lesion, somatic TP53 
mutant single epithelial layers, can also be seen in 
women without a hereditary predisposition [77].

Some women choose to have a salpingectomy 
prior to an oophorectomy, especially if they have 
completed childbearing but they are not yet ready 
for surgical menopause. Salpingectomy can be 
done to achieve female permanent sterilization. 
Traditional tubal ligation, in which a segment of 
the fallopian tubes is removed to achieve steriliza-
tion, has been shown to decrease the risk for ovar-
ian cancer. Studies looking at salpingectomy in an 
unselected population showed a decrease in EOC 
rate of up to 65% [78]. There now are debates on 
the necessity of, surgical ease with, and cancer 
prevention related to salpingectomy as a means 
for sterilization or as a part of a hysterectomy for 
benign reasons [79].

After removal of the ovaries, the woman is no 
longer able to produce oocytes; however, it is not 
impossible for her to achieve a pregnancy through 
assisted reproductive technologies. She could use 
a donor oocyte to get pregnant, or with advance 
planning, she could have had an oocyte retrieval 
and use her own. With her own oocytes, through 
in vitro fertilization, the embryos could undergo 
preimplantation genetic testing for the known 
familial mutation. After these studies are com-
pleted, she could choose to only transfer back an 
embryo(s) which do not carry the mutation. This 
option is also possible when the male partner is a 
carrier for such a mutation or after salpingectomy 
when she has her ovaries intact.

3.9  Conclusions

Epithelial ovarian cancer is a highly lethal gyneco-
logic malignancy, primarily because screening 
modalities are, in most cases, unable to detect 
early, and more treatable, stages of EOC.  Most 
cases of EOC are not associated with a family his-
tory and appear to be sporadic in nature with 
some risk modification from a woman’s reproduc-
tive history and exposure to COCPs. Only a small 
percentage of cases are associated with a heredi-
tary predisposition due to a gene mutation, such 
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as BRCA1/2 or the Lynch syndrome genes. Such 
cases are likely to occur bilaterally and develop 
earlier in life than EOC in the general population, 
making the identification of such individuals an 
important priority. However, until an effective and 
agreed-upon screening modality is available for 
the general population, analysis of family history 
and cancer risk assessment followed by genetic 
testing the right individuals will remain the main 
tools to assess one’s risk for developing EOC.

Identifying those women who carry the hered-
itary predisposition for developing EOC allows 
them to initiate preventive and proactive measures 
to reduce their risk of developing EOC. Because 
these measures either temporarily reduce or per-
manently eliminate the ability to conceive, appro-
priate counseling of these women regarding their 
plans and desires for reproduction is crucial. The 
identification of these high-risk women through 
family history and genetic testing also brings the 
consideration of reproductive technologies into 
the discussion. These technologies may allow 
women to reproduce or conceive even when elect-
ing to initiate preventive measures. They also may 
be able to prevent future inheritance of these gene 
mutations through preimplantation genetic test-
ing. This brings oncofertility counseling and inter-
ventions for reproductive-aged women at 
increased risk for EOC into the primary care, 
gynecologic, and genetic scopes of practice. This 
becomes important for providing effective overall 
care to these women and the potential for repro-
duction for women seeking EOC prevention with 
contraceptives, elective sterilization, or risk-
reducing surgical measures.

 Review Questions and Answers

 ?  Q1.  CA-125 levels and pelvic ultrasounds 
have been shown to successfully 
identify epithelial ovarian cancer in an 
early or precancerous stage. True or 
False?

 v  A1. False

 ?  Q2. BRCA1/2 mutations:
 (a) Are only inherited through the 

maternal line
 (b) Are only inherited through the 

paternal line

 (c) Can be seen more frequently in certain 
ethnicities as a founder mutation

 (d) Guarantee that a carrier will 
develop epithelial ovarian cancer

 (e) Increase the risk for colon cancer in 
carriers

 v  A2. (c)

 ?  Q3. Lynch syndrome gene mutations:
 (a) Are associated with familial 

adenomatous polyposis
 (b) Are responsible for more epithelial 

ovarian cancer cases than BRCA1/2 
mutations

 (c) Do not increase the risk for 
urogenital cancer

 (d) Have an ethnic predilection
 (e) May cause more endometrial 

cancer than ovarian cancer

 v  A3. (e)

 ?  Q4.  60% of ovarian cancers originate in the 
fallopian tubes. True or false?

 v  A4. True

 ?  Q5.  The most important element of cancer 
risk assessment is taking an accurate 
family history. True or false?

 v  A5. True
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Key Points
 5 Infertility in DSD may result from 

abnormal gonadal development, 
abnormal hormone production, and/or 
prophylactic gonadectomy due to 
gonadal malignancy risk.

 5 Fertility potential is poorly understood in 
many DSD conditions and requires 
further study.

 5 Experience in fertility preservation in 
DSD is very limited and primarily focused 
on turner syndrome and Klinefelter 
syndrome.

 5 There are many ethical considerations 
about medical care in the DSD field in 
general, and these are complicated 
further when incorporating experimental 
fertility preservation techniques.

4.1  Introduction

Strides made in fertility preservation for cancer 
patients have inspired the expansion of the field of 
oncofertility to other medical conditions associ-
ated with infertility. One of the emerging areas is 
that of disorders of sex development (DSD).

4.1.1  DSD Conditions: An Introduction 
to the Current Treatment 
Paradigm

DSD are conditions in which there is incongru-
ence in an individual’s chromosomal, gonadal, or 
phenotypic sex [17]. There are three main steps 
in sex development: establishment of chromo-
somal sex, determination of gonadal sex, and dif-
ferentiation to phenotypic sex. Errors in meiosis 
or translocation of the genetic material may 
result in sex chromosome DSD (e.g., Klinefelter 
syndrome). Abnormalities in transcription fac-
tors determining gonadal development into tes-
tes or ovaries may lead to disorders of gonadal 
development (e.g., ovotesticular DSD). Finally, 
disorders of androgen synthesis, androgen 
excess, or androgen action account for most of 
the remaining DSD (e.g., Complete Androgen 
Insensitivity Syndrome; Congenital Adrenal 
Hyperplasia) [11].

DSD are commonly thought of as conditions 
presenting with ambiguous genitalia in an infant, 
but there are many other presentations as well. 
Children may present with premature virilization, 
adolescents with primary amenorrhea or delayed 
pubertal development, or adults with infertility. 
. Table 4.1 categorizes DSD conditions based on 
a consensus statement on intersex disorders and 
their management published in 2006 [11]. This 
landmark paper changed the approach to clinical 
care for this group of patients. In the preceding 
50  years, the “optimal-gender policy” was fol-
lowed, in which sex reassignment surgery was 
favored at a young age. It was thought that indi-
viduals were psychosexually neutral and that early 
surgery, without the knowledge of the patient, 
facilitated stable gender identity development and 
gender role behaviors that conformed to assigned 
sex at birth [24]. Over time, the “optimal-gender 
policy” approach to DSD care grew more contro-
versial [7]. Patients treated according to this ear-
lier approach grew up and began voicing 
discontent about the secrecy, the surgical out-
comes, and the common terminology such as 
“intersex” and “hermaphrodite,” which were 
viewed as pejorative. Molecular genetics was also 
advancing and changing the etiological under-
standing of many DSD conditions. These multi-
tude of factors led to the 2006 Consensus 
Statement that acknowledged the controversial 
issues in DSD management and proposed recom-
mendations about nomenclature, and evaluation, 
management, and care for these patients to be 
delivered as part of a multidisciplinary team 
including surgeons, endocrinologists, behavioral 
health experts, ethicists, and geneticists. Such 
programs are primarily housed within major aca-
demic centers but are becoming increasingly 
available for patients with DSDs around the 
world. In 2016, an update to the 2006 Consensus 
statement was published [14]. Many previous top-
ics were reviewed, but, in addition, a small section 
was added to address fertility which noted that 
the potential for fertility may be increased with 
advancing assisted fertility techniques.

Nomenclature remains a controversial issue in 
this field. The 2006 Consensus Statement modified 
the overarching terms of “intersex” and “hermaph-
rodite” to DSD in an effort to make the term less 
pejorative. Other terms such as variation in sex 
development and difference in sex development 
were also considered, but ultimately, DSD was cho-
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sen. Some affected individuals continue to prefer 
the term “intersex,” while others prefer DSD and yet 
others dislike both terms. Presumably, the words 
“disorder” and “sex” have negative connotations to 
some individuals, and there are a few studies 
addressing this topic. In 2011, Davies et al. surveyed 
parents of affected individuals (N = 19) and health-
care professionals (N = 15) and found that DSD was 
preferred to “intersex” among both patients and 
professionals but that only 37% of parents viewed 
DSD as an “acceptable term to describe an individ-
ual’s overall condition when it has not been possible 
to assign them male or female at birth” [6]. 
Conclusions from this study, however, were limited 
by sample size. In 2015, Lin-Su et al. reported results 
from a survey of 589 patients with congenital adre-
nal hyperplasia who are members of the CARES 
support group. In this group, 71% disliked or 
strongly disliked the DSD term. This study, how-
ever, is of a very specific medical condition con-

ducted with the membership of one particular 
support group; therefore, these results may not be 
generalized to the population of individuals with 
DSD.  A 2017 study by Johnson et  al. found that 
individuals with a range of DSD conditions belong-
ing to the AIS-DSD Support Group also tended to 
view recommended DSD terminology negatively. 
This study also found that a majority of support 
group members who responded to a survey about 
DSD nomenclature had had a negative emotional 
experience due to the clinical use of specific DSD 
terms [13]. Despite the important information pro-
vided by these few studies, there have been no large-
scale investigations of affected individuals and the 
medical community as a whole to determine 
whether a universally acceptable term may be iden-
tified. The term DSD is used in this chapter as it is 
the currently accepted medical terminology but 
with the understanding that this is not the preferred 
term for many affected individuals.

       . Table 4.1 Categorization of disorders of sex development

Sex chromosome DSD 46, XY DSD 46, XX DSD

Disorders of gonadal development

45, X, 45X/46, XX, 45, X/46, XY 
Turner syndrome

Complete gonadal dysgenesis Ovotesticular DSD

47, XYY Klinefelter syndrome Partial gonadal dysgenesis Testicular DSD

45,X/46,XY mixed gonadal 
dysgenesis, ovotesticular DSD

Gonadal regression Gonadal dysgenesis

46, XX/46, XY chimeric, 
ovotesticular DSD

Ovotesticular DSD

Disorders of androgen synthesis 
or action

Disorders of androgen excess

Androgen biosynthesis defect 
(e.g., 5-alpha reductase 
deficiency)

Fetal androgen excess (e.g., 21-hydroxylase 
deficiency, congenital adrenal hyperplasia)

Defect in androgen action 
(e.g., complete androgen insensi-
tivity or partial androgen 
insensitivity syndrome)

Fetoplacental androgen excess 
(e.g., aromatase deficiency)

LH receptor defects Maternal (e.g., luteoma)

Other

Cloacal exstrophy Cloacal exstrophy

Disorders of anti-Mullerian 
hormone

Vaginal atresia

Severe hypospadias Mayer- Rokitansky- Kuster-Hauser syndrome

Fertility Preservation in Patients with Disorders (Differences) of Sex Development
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4.1.2  Fertility Preservation 
for Patients with DSD

Medical, surgical, and psychosocial care for indi-
viduals with DSD is improving, but fertility 
 preservation has rarely been addressed despite the 
number of conditions associated with fertility or 
sterility risk. Fertility concerns among individuals 
with DSD are different from those faced in patients 
with cancer. . Table  4.2 outlines fertility issues 
facing individuals with specific DSD conditions. 
First, some DSD are associated with abnormal 
gonadal development resulting in streak gonads 
or dysgenetic testes and ovaries [5]. This may 
result in gonadal failure from birth or progressive 
gonadal failure in childhood or adolescence. A 
pilot study to evaluate the presence of germ cells 
in gonads of individuals with DSD found that 68% 
of the individuals studied had germ cells present. 
It also showed that germ cells were more likely to 
be present at younger ages. This suggests that fer-
tility potential may be greater than previously 
thought. Further studies are needed, however, to 
apply this to a larger population and to determine 
the quality of the germ cells [8].

Second, the presence of abnormal gonads, 
specifically in 46, XY DSD, increases risk for 
developing gonadal tumors [4]. Screening 
intraabdominal gonads using radiology tech-
niques is not sufficient to rule out tumor growth 
[16]. To prevent the development of cancer, pro-
phylactic gonadectomy has historically been rec-
ommended in most 46, XY DSD conditions at the 
time of diagnosis, often in infancy or early child-
hood. However, this practice is changing, and 
increasingly, gonadal tumor risk can be stratified 
by specific diagnosis. Abaci et al. estimated tumor 
risk for each type of DSD.  High-risk conditions 
included gonadal dysgenesis with intraabdominal 
gonad (15–35% risk) and partial androgen insen-
sitivity syndrome (PAIS) with nonscrotal gonad 
(50% risk). Intermediate risk included Turner 
syndrome with Y chromosome (12% risk), PAIS 
with scrotal gonad (unknown risk), and gonadal 
dysgenesis with scrotal gonad (unknown risk). 
Low-risk conditions were complete androgen 
insensitivity syndrome (CAIS) and ovotesticular 
DSD [1]. Thus, risk varies, and in some condi-
tions, it may be safe to delay gonadectomy [22]. 
One reason for delaying gonadectomy may be to 
preserve the possibility for biological fertility. On 
the other hand, the above pilot study noted germ 

cells were more likely to be present at younger 
ages; thus, the greatest potential for fertility pres-
ervation may be via earlier gonadectomy [8]. The 
decision to pursue prophylactic gonadectomy is 
challenging for patients and families and is often 
considered in infancy through adolescence, 
depending on the timing of diagnosis and indi-
vidual preference. So, while in the oncology 
patient there is a known time for surgical resec-
tion of gonads prior to the initiation of gonado-
toxic chemotherapy, in DSD, the optimal timing 
of fertility preservation is less clear.

Third, due to the nature of DSD, an individu-
al’s gonads and germ cells may not align with their 
gender identity, thus leading to an assumption 
that the individual would not be interested in fer-
tility with a gamete that does not match their gen-
der identity. In CAIS, for example, patients have a 
46, XY karyotype and their gonads develop into 
functional testicles, but due to mutations in the 
gene encoding in the androgen receptor, the body 
is unable to respond to androgen. Thus, internally 
individuals with CAIS have testes, Wolffian struc-
tures, and no Mullerian structures, but externally 
the genitalia appear typically female with a blind- 
ending vagina. The vast majority of individuals 
with CAIS have a female gender identity. There is 
a risk of gonadoblastoma; thus, many undergo 
gonadectomy, which may be done at any age but 
increasingly is performed after puberty. If fertility 
preservation options were to be considered, this 
would involve preserving sperm for an individual 
who identifies as a woman. If we expand our 
thinking about fertility potential, however, these 
individuals may have biological fertility potential.

Fertility preservation has begun to gain 
momentum in two particular DSD conditions: 
Turner syndrome and Klinefelter syndrome. 
Spontaneous fertility in Turner syndrome is rare, 
estimated at about 2–5% [12]. There is an acceler-
ated loss of oocytes from the ovaries beginning 
after the 18th week of fetal development through 
the first few postnatal months or years such that 
most girls with Turner syndrome have lost all of 
their germ cells before completing puberty [12]. 
Parenting options for women with Turner syn-
drome have historically focused on adoption, but 
increasingly there is emphasis on expanding bio-
logical options. These options have included 
 heterologous in vitro fertilization (IVF) with 
ovum donation or homologous IVF with embryo 
transfer resulting in live births in women with 
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       . Table 4.2 Fertility issues by DSD diagnosis

Category Disorder Karyo-
type

Fertility issues Malignancy 
concern

Common 
discordance 
between gender 
identity and 
gonadal type

Sex chromosome DSD

Turner 
syndrome

45, X Premature ovarian failure, 
streak gonads

Yes, if Y 
chromosome 
material

No

45, 
X/46, 
XX

45, 
X/46, 
XY

Klinefelter 
syndrome

47, XXY Testicular failure No No

Mixed gonadal 
dysgenesis

45, 
X/46, 
XY

Gonadal failure Yes Yes

46, XY DSD

Complete or 
partial gonadal 
dysgenesis 
(e.g., SRY, SOX9)

46, XY Potential streak gonads or 
gonadal failure

Yes Yes

Ovotesticular 
DSD

46, XY Potential streak gonads or 
gonadal failure

Yes Yes

LH receptor 
mutations

46, XY Testes slightly reduced in 
size but mature Leydig 
cells absent/scarce (Leydig 
cell hypoplasia)

No No

5alpha-reduc-
tase deficiency

46, XY Oligospermia, azoosper-
mia

No Yes

Complete 
androgen 
insensitivity 
syndrome

46, XY Not much evidence, 
suspect azoospermia or 
oligospermia

Yes Yes

Partial 
androgen 
insensitivity 
syndrome

46, XY Not much evidence, 
suspect azoospermia or 
oligospermia

Yes Yes

Persistent 
Mullerian duct 
syndrome

46, XY Maybe (if prolonged 
cryptorchidism or 
anatomic obstruction) but 
likely normal sperm 
production

Possibly 
(cryptorchidism 
or of Mullerian 
remnants)

No

(continued)
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Turner syndrome. Other modalities have been 
considered but have not yet resulted in live births. 
This includes homologous IVF with oocyte cryo-
preservation, which is scientifically possible at 
this time, and ovarian tissue cryopreservation 
from prepubertal children, which remains experi-
mental [10]. Controversy has arisen about women 
with Turner syndrome carrying pregnancies 
because their risk of morbidity is much higher 
than for women without Turner syndrome [9]. Of 
primary concern is the increased risk of circula-
tory complications such as aortic dissection. The 
American Society for Reproductive Medicine has 
stated that Turner syndrome is a relative contrain-
dication to pregnancy and that in a patient with 
Turner syndrome and a documented cardiac 
anomaly, Turner syndrome is an absolute contra-
indication to pregnancy [19]. Thus, patients are 
advised to use a gestational carrier for the term of 
their pregnancy. Oktay et al. recommend that all 
children with Turner syndrome undergo evalua-
tion, with consideration of cryopreservation of 
mature oocytes or ovarian tissue [18].

Classical Klinefelter syndrome is character-
ized by germ cell regression, which begins in 
utero, accelerating during spontaneous puberty, 
leading to testicular fibrosis and hyalinization of 
the seminiferous tubules and hyperplasia of the 

interstitium in late adolescence and adulthood 
[2]. Often, pubertal development is incomplete, 
and testosterone production fails during this 
period, which typically leads to infertility. Many 
men with Klinefelter syndrome are azoospermic, 
but successful assisted reproduction in adult men 
has been achieved by testicular sperm extraction 
followed by intracytoplasmic sperm injection. It 
has been suggested that cryopreservation of sper-
matozoa might be best achieved early in adoles-
cence. This has proven difficult as timing and rate 
of pubertal maturation vary, as does the ability of 
an adolescent boy to produce ejaculate with mas-
turbation [2]. Studies in adolescents have shown 
conflicting results. One study of the testicular tis-
sue in 13- to 16-year-old boys with Klinefelter 
syndrome showed massive fibrosis and hyaliniza-
tion and only showed tubular spermatogonia in 
the youngest patients, suggesting that testicular 
tissue cryopreservation is most likely to be suc-
cessful at younger ages [23]. Another study 
showed that in men with Klinefelter syndrome 
ages 12–25 years, sperm retrieval rates were simi-
lar to those seen in older men, suggesting that 
earlier preservation may not improve fertility 
rates [15]. Thus, further evaluation to determine 
the role or optimal timing of preservation is 
needed.

       . Table 4.2 (continued)

Category Disorder Karyo-
type

Fertility issues Malignancy 
concern

Common 
discordance 
between gender 
identity and 
gonadal type

46, XX DSD

Gonadal 
dysgenesis

46, XX Potential streak gonads or 
gonadal failure

Yes Yes

Ovotesticular 
DSD

46, XX Potential streak gonads or 
gonadal failure

Possibly Yes

Testicular DSD 
(SRY+, dup 
SOX9)

46, XX Potential infertility Possibly No

Congenital 
adrenal 
hyperplasia

46, XX Often due to anovulation, 
but treated medically with 
success

No No

Aromatase 
deficiency

46, XX Hypergonadotropic 
hypogonadism

No Yes
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4.1.3  Fertility Preservation in DSD: 
Current Questions and Future 
Directions

Infertility or sterility is clearly a potential problem 
and a complicated issue for individuals with DSD 
and their parents, who may make decisions before 
a child is mature enough to participate in that 
process. It is presumed that fertility is an impor-
tant consideration in DSD management, but there 
is no clear understanding of the DSD communi-
ty’s views of fertility, as the issue has not been 
comprehensively studied [3, 20, 21]. A better 
appreciation of the views of affected individuals is 
necessary to guide the field. Working on the 
assumption that some individuals with DSD will 
desire fertility preservation, there are many more 
questions that arise. For example, are patients 
with DSD conditions likely to benefit from fertil-
ity preservation. When should fertility preserva-
tion be offered for optimal chances of successful 
preservation? Again, there is little to no evidence 
about the presence and quality of germ cells in 
patients with DSD, and this requires evaluation. 
Should a surgical procedure and its associated 
risks be undertaken in an otherwise healthy child 
for the cryopreservation of tissue for fertility pres-
ervation, when this procedure remains experi-
mental? Whereas some patients with DSD may be 
undergoing gonadectomy during which fertility 
preservation techniques can be done simultane-
ously, others may not. In traditional 45, X or 45, 
X/45, and XX mosaic Turner syndrome, for 
example, there is progressive loss of germ cells but 
no indication for gonadectomy. Should parents 
have the option to choose that surgery be under-
taken in early childhood because more germ cells 
are present for preservation? In Turner syndrome, 
with a higher risk of pregnancy-associated mor-
bidity, should efforts for fertility preservation be 
pursued at all? As gender identity may not match 
an individual’s gonads and potential production 
of sperm versus ova, how does this affect consid-
erations of fertility preservation? If a parent acts 
as the proxy for the child in fertility preservation 
decision-making, how is responsibility for preser-
vation and ownership of the reproductive mate-
rial delineated? Many DSD are caused by genetic 
mutations; thus, there is a risk of offspring inher-
iting the same condition. How should this affect 
decisions about fertility preservation, and how 

should preimplantation genetics be employed in 
these cases? There are many complicated ques-
tions facing the field of fertility preservation for 
DSD patients. Future research efforts must 
address these questions to better serve this patient 
population.

 Review Questions and Answers

 ?  Q1.  How is the cause of infertility different 
in patients with DSD versus cancer?

 v  A1.  Unlike the cancer population, in whom 
gonadal development and function 
are usually normal prior to cancer 
treatment, individuals with DSD often 
have inherent risk for infertility due to 
abnormal gonadal development or 
function.

 ?  Q2.  Do all patients with DSD conditions 
share the same risk of infertility?

 v  A2.  No, it is highly variable among 
diagnoses and sometimes varies 
within individuals with the same 
diagnosis as well.

 ?  Q3.  Is fertility preservation an option in 
patients with DSD?

 v  A3.  Fertility preservation should be 
considered. In some diagnoses, 
including Turner syndrome and 
Klinefelter syndrome, postpubertal 
preservation of eggs and sperm may 
be successful. In many situations, 
fertility preservation of immature or 
abnormal gonadal tissue may be 
considered via experimental 
techniques.

 ?  Q4.  How do we consider gender identity a 
factor when considering fertility 
preservation in patients with DSD?

 v  A4.  Historically, it was often assumed that 
an individual was infertile if their 
gametes would not match their 
gender identity (e.g., in complete 
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androgen insensitivity syndrome, 
immature gametes are immature 
sperm), but as we think more broadly, 
these individuals do have potential 
biological reproductive capability. 
There is little data, but anecdotally, 
some individuals with DSD may desire 
preservation of such gametes, while 
others may not. Further research is 
needed.
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Key Points
 5 Gender-affirming hormonal and surgical 

treatments can affect the future fertility 
of individuals with gender dysphoria.

 5 Use of gender-affirming hormones does 
not appear to render most individuals 
completely infertile, and hormonal 
effects on the gonads appear to be at 
least partially reversible.

 5 Options for biological parenthood 
among transgender individuals include 
several different assisted reproductive 
technologies; spontaneous pregnancies 
have also been reported.

 5 Procedures necessary to obtain oocytes 
or sperm for cryopreservation can 
exacerbate gender dysphoria in some 
individuals.

 5 Uptake of fertility preservation has been 
very low among adolescents with gender 
dysphoria, despite counseling prior to 
initiation of gender- affirming hormones.

5.1  Introduction

Recent events have demonstrated increasing 
media attention to transgender individuals. The 
Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition (DSM-5), changed the 
nomenclature for transgender individuals from 
gender identity disorder to gender dysphoria 
(GD) in 2013. GD refers to the psychological dis-
tress encountered in persons for whom sex 
assigned at birth is incongruent with their gender 
identity. The psychiatric focus is on the distress 
experienced due to the incongruence between 
assigned and affirmed gender, and current evi-
dence supports that gender-affirming therapy 
greatly improves psychological outcomes [1]. The 
American Psychiatric Association further states 
that such individuals should be able to obtain 
care without fear of discrimination and that treat-
ment options for this condition include counsel-
ing, gender-affirming hormones (previously 
referred to as cross-sex hormones), gender-
affirming surgery, and social and legal transition 
to the desired sex [1]. In 2009, the Endocrine 
Society along with the Pediatric Endocrine 

Society, World Professional Association for 
Transgender Health (WPATH), European Society 
of Endocrinology, and the European Society for 
Pediatric Endocrinology first published the 
“Endocrine treatment of transsexual persons: an 
Endocrine Society clinical practice guideline” [2]. 
These guidelines, which were reaffirmed in 2017, 
support the use of hormones to further the gen-
der-affirming process and recommend counsel-
ing regarding fertility and options for fertility 
preservation (FP), as gender-affirming hormone 
therapy may impair future fertility.

5.2  Nomenclature

Although this chapter is titled “Fertility 
Preservation in Patients with Gender Dysphoria,” 
the information and concepts presented herein 
apply to the spectrum of individuals who exhibit 
gender variance and desire medical interventions 
to facilitate transition to a gender other than the 
one assigned at birth. These medical interventions 
include pubertal suppression, gender-affirming 
hormone therapy, and gonadectomy, all of which 
have the potential to affect future fertility. For 
consistency in this chapter, the authors have cho-
sen to use the terms “trans,” “trans-woman,” and 
“trans-man.” However, a much larger range of ter-
minology is applicable and relevant to the mental 
and physical health of individuals with gender 
variance, many of whom may pursue medical 
interventions which have the potential to affect 
fertility in the future.

The authors recognize that terminology 
related to the transgender experience is in evolu-
tion and aim to provide some basic information 
about relevant nomenclature. It is important to 
note that some of the terms used may be prefera-
ble to some individuals, while offensive to others. 
Additionally, there have been recent shifts in lan-
guage use that may not be fully reflected in the 
terms defined in this chapter. However, assem-
bling the nonexhaustive list below was thought to 
be important to provide clarity and context for the 
remainder of the chapter:

Sex Versus Gender
 5 Sex – Anatomy of a person’s reproductive 

system and secondary sex characteristics.
 5 Gender – Social roles based on sex, typically 

culturally based.

Fertility Preservation in Patients with Gender Dysphoria



58

5

Gender-Related Terms
 5 Biological sex/natal sex – Sex assigned at birth, 

generally based on anatomy and (sometimes) 
chromosomes.

 5 Gender identity/affirmed gender – An indi-
vidual’s internal sense of their1 own gender, 
may it be male, female, or another gender. It 
may not be aligned with biological/natal sex.

 5 Gender expression – Physical manifestation of 
an individual’s gender identity (e.g., clothing, 
mannerisms, pronouns, chosen name).

 5 Gender role – Societal norms regarding how 
men and women should think, behave, speak, 
and dress.

 5 Gender variance, gender nonconforming – 
Closely related terms describing behavior not 
conforming to socially defined male or 
female norms (e.g., dress, activities) based  
on sex.

Gender Identity
 5 Cisgender – Individuals for whom internal 

gender identity agrees with their anatomy 
and the sex they were assigned at birth.

 5 Genderqueer – Individuals who identify with 
both male and female genders or who 
identify with neither gender.

 5 Gender fluid – A dynamic mix between male 
and female gender identities.

 5 Gender nonconforming – A person whose 
gender role or gender expression does not 
conform to societal norms of typical male or 
typical female.

 5 Transgender, trans – A person whose gender 
identity does not match their anatomy and 
gender assigned at birth. Often also abbrevi-
ated as trans* to emphasize the range of 
individuals who do not identify as a tradi-
tional cisgender man or woman.

 5 Transsexual – A person who has the strong 
desire to assume the physical characteristics 
and gender role of the opposite sex. This term 
has a more binary connotation than trans-
gender and has been viewed somewhat 
negatively in recent years and thus is being 
used less often than terms such as transgen-
der and trans.

1 Intentionally grammatically incorrect to avoid using 
binary gender-based terminology.

 5 Trans-woman, male-to-female (MTF) trans-
gender – Individuals with a male natal gender 
but female gender identity. For this chapter, 
the authors have chosen the term trans- 
woman, as it affirms the individual’s gender 
identity.

 5 Trans-man, female-to-male (FTM) transgen-
der – Individuals with a female natal gender 
but male gender identity. For this chapter, the 
authors have chosen the term trans-man, as it 
affirms the individual’s gender identity.

Other Helpful Terminologies
 5 Gender dysphoria – The DSM-5 diagnosis 

used by medical and mental health profes-
sionals to describe psychological distress 
caused by discontent with one’s natal sex. 
Gender identity disorder (GID) was the 
terminology previously used by the DSM-IV 
and has largely been abandoned.

 5 Sexual orientation – Pattern of romantic or 
sexual attraction; separate from gender 
identity and gender expression. For example, 
a trans-man is not necessarily romantically 
attracted only to women. Traditional catego-
ries include heterosexual, homosexual, and 
bisexual. Newer classifications include 
asexual, polysexual, and pansexual.

 5 Transitioning – The process of physically 
changing external gender presentation to 
align with one’s internal gender identity. 
Genital surgery is not a requirement.

5.3  Current Treatment Guidelines

5.3.1  Psychological Evaluation

It is essential that individuals with GD be evalu-
ated and managed by an experienced mental 
health provider in order to assess whether they 
meet criteria for the diagnosis and to evaluate for 
confounding psychological factors. The mental 
health provider may also provide psychotherapy 
and evaluate for psychological readiness for med-
ical interventions such as puberty blockers and/or 
gender-affirming hormones. Persons with GD are 
at high risk of adverse mental health including 
anxiety, depression, self-harm and suicide, poor 
school performance, and drug and alcohol abuse. 
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Thus, ideally, a mental health provider will  
continue to evaluate and support the individual 
during social and biological transition.

5.3.2  Pubertal Suppression

Some children with GD experience increasing 
distress during puberty as their body begins to 
change. The Endocrine Society Guidelines sup-
port the use of puberty blockers starting when 
the child reaches Tanner 2 stage (breast budding 
in natal girls and testicular volume of 4  cc in 
natal boys) [2]. WPATH guidelines recommend 
that a mental health provider assesses each ado-
lescent prior to the initiation of pubertal sup-
pression, to confirm understanding of the goals, 
risks, and benefits [3]. Pubertal suppression 
addresses the mental distress of the child from 
developing unwanted changes that are not con-
gruent with gender identity. Suppression also 
prevents secondary sexual characteristics from 
developing, which may later be difficult to alter, 
such as the Adam’s apple or large breasts. In 
general, pubertal suppression is usually achieved 
with gonadotropin- releasing hormone (GnRH) 
agonists such as a histrelin rod or Depot-
Lupron.

5.3.3  Gender-Affirming Hormones

Regardless of whether pubertal suppression was 
undertaken, the Endocrine Society Guidelines 
support the initiation of gender-affirming hor-
mones around the age of 16 years. Furthermore, 
recent data have shown that gender-affirming 
hormones may be started as early as 14 years of 
age in appropriate clinical settings [4]. Individuals 
considering gender-affirming hormones need to 
be counseled extensively regarding expected 
results of treatment and possible adverse health 
effects. Such a discussion should include the 
effects on fertility and options for FP, as gender- 
affirming hormone therapy may impair future 
fertility. In addition, prior to the initiation of 
gender-affirming hormone therapy, the WPATH 
recommends that a qualified mental health pro-
fessional should provide documentation (such as 
a referral letter) of the patient’s personal and treat-
ment history, eligibility, and need for gender-
affirming hormones? [3].

5.3.4  Gender-Affirming Surgery

Gender-affirming surgery is also an option for 
individuals with GD who desire changes to align 
their physical appearance with gender identity. 
Patients who choose oophorectomy, orchiec-
tomy, and/or hysterectomy as part of their treat-
ment plan should also be counseled about their 
options for fertility and future reproduction prior 
to surgery.

5.4  Estrogen Treatment for  
Trans- girls and Trans-women

Hormone therapy for adolescents desiring femi-
nizing therapy is complex, with most clinical 
studies reporting the concurrent use of antian-
drogens with estrogen therapy if the patient has 
not undergone pubertal suppression [5]. Puberty 
induction, in suppressed individuals, may be 
undertaken with oral estrogen, transdermal 
(patch), or parenteral formulations. While the 
inherent risk of venous thromboembolism in the 
adolescent population is less than that in adults, 
transdermal preparations may offer an advantage 
by lowering these risks [6]. Following puberty 
induction, serum estradiol should be maintained 
at premenopausal levels (<200 pg/ml), and testos-
terone should be in the physiologic female range 
(<55  ng/dl). For individuals who have experi-
enced puberty, this treatment may require high 
doses of estradiol (2–6 mg) along with androgen 
blockers such as spironolactone. As with testos-
terone therapy, regular clinical and laboratory 
assessment should be performed to monitor for 
adverse effects.

5.5  Testosterone Treatment 
for Trans-boys and Trans-men

Testosterone is recommended to achieve the 
desired masculinization of a natal female with 
GD.  In cases where an adolescent has received 
pubertal suppression, testosterone is given in low 
doses and increased slowly (as done with induc-
tion of puberty). In both prepubertal and postpu-
bertal individuals, testosterone is generally 
administered subcutaneously or intramuscularly 
every 1–2  weeks at the lowest dose needed to 

Fertility Preservation in Patients with Gender Dysphoria



60

5

maintain the desired clinical result and levels 
within normal male physiologic levels (320–
1000  ng/dl) [7]. Prior to initiating therapy, 
patients should be aware of the risks of masculin-
izing hormone therapy, and timing of develop-
ment of the desired effects, so that the patient has 
reasonable expectations. Monitoring for adverse 
effects includes both clinical and laboratory eval-
uation specific to the risks of hormone therapy 
and the patient’s individual risks/comorbidities 
[8]. The most concerning morbidity noted in 
trans-men is polycythemia which can be treated 
with reduction of the testosterone and/or phle-
botomy with blood donation.

5.6  Gender-Affirming Hormones: 
Effect on Fertility

5.6.1  Estrogen and Fertility  
in Trans- women

Although some estrogen is necessary for sper-
matogenesis, an overabundance of estrogen can 
be detrimental to fertility. Limited data exists 
regarding the effect of exogenous estrogen on 
sperm production in trans-women. Data from 
animal studies, human epidemiologic studies, and 
studies related to the effect of obesity on human 
male reproductive function are relevant also may 
be relevant to trans-women who may desire bio-
logical children in the future.

5.6.1.1  Animal Data
There is a large body of literature demonstrating 
reduced fertility parameters and alterations in 
genital anatomy in male rodents exposed to estro-
genic compounds in utero. Of more relevance to 
the trans-women who may begin estrogen supple-
mentation during adolescence or adulthood, sev-
eral studies of adult rodents have explored the 
impact of exogenous estrogens on multiple mea-
sures of fertility potential. For example, increasing 
doses of exogenous estrogens have been associ-
ated with alteration in sperm counts and motility 
[9], testicular histology [10], and epididymal 
sperm content [11] in adult male rats. High doses 
of exogenous estrogens administered to adult 
male rats have also been associated with lower 
fertility rates, as measured by litter size [9–11]; 
one study even demonstrated a complete loss of 

potency at the highest dose of an estrogen 
receptor-α agonist [10]. Reversibility of the effects 
of estrogen on testicular histology has been dem-
onstrated, suggesting that the effects of estrogen 
on fertility potential may not be permanent [11].

5.6.1.2  Evidence in Humans

Environmental Estrogens
In addition to the animal data, concern has existed 
for many years that environmental estrogens may 
be contributing impairments in male reproduc-
tive health and functioning, including an increase 
in male factor infertility [12]. To a great extent, 
concern regarding the effects of environmental 
estrogens on male fertility is a result of studies 
evaluating the link between in utero diethylstil-
bestrol (DES) exposure and adult male infertility. 
Although there have been several studies suggest-
ing a link between fetal DES exposure and reduced 
adult semen parameters, the data are far from 
definitive [13]. Similarly, concern exists that 
exposure to endocrine disruptors with estrogenic 
properties such as phthalates, polychlorinated 
biphenyls (PCBs), and bisphenol A (BPA) may be 
associated with male infertility [14], although 
clear causality has not been established.

A few studies have attempted to link environ-
mental endocrine disrupters to male factor infer-
tility. For example, one Argentinian study 
demonstrated an association between exposure to 
pesticides and solvents (as measured by self- 
report) and lower semen parameters [15]. In that 
study, pesticide exposure was also associated with 
higher serum estrogen concentrations and lower 
luteinizing hormone concentrations compared 
with men not exposed to pesticides [15]. This sug-
gests that any effect of chemical exposure on fer-
tility may be at least partially hormonally 
mediated.

In a study of men presenting to an infertility 
clinic in India, infertile men were found to have 
detectable PCBs in their seminal plasma, whereas 
normal controls were not [16]. Seminal plasma 
phthalates were also found to be higher in infer-
tile men compared with controls [16]. Not sur-
prisingly, total motile sperm count was also 
lower in the infertile men, although a causal rela-
tionship between estrogenic chemicals and fer-
tility was only suggested, not proven, by this 
investigation.
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Elevated Estrogen in Obese Men
Obesity has been associated with male infertility, 
and the mechanisms are likely multifactorial. In 
addition to hormonal abnormalities, obesity is also 
associated with erectile dysfunction and increased 
intrascrotal temperatures, all of which can cause 
difficulties with fertility [17]. From an endocrine 
standpoint, increasing BMI is associated with both 
infertility and hormonal derangements including 
low testosterone, elevated estradiol, and low 
inhibin B levels [18]. Additionally, semen param-
eters have been found to be altered in some studies 
of infertile obese men, although results have been 
inconsistent [17, 19, 20].

The exact relationship between hormonal pro-
files and semen parameters and paternity among 
obese men remains to be fully elucidated. A 
decreased serum testosterone-to-estradiol ratio 
has also been associated with infertility in a subset 
of men presenting with this complaint regardless 
of BMI, again suggesting that elevated estradiol 
can have a detrimental effect on fertility [21]. 
However, the relative contribution of elevated 
estrogen to fertility has not been determined.

Effects of Estrogen Exposure  
in Trans- women
A few recent studies in trans-women related to the 
effects of estrogen exposure on testicular function 
and histology are available. A study of orchiectomy 
specimens from trans-women with GD who were 
treated with estrogen demonstrated unpredictable 
negative effects on testicular histology [22]. 
Histologic changes generally were unassociated 
with serum and intratesticular testosterone levels, 
and 24% of patients actually had normal spermato-
genesis [22]. Furthermore, a recent series of trans-
women who chose to bank sperm prior to 
gender-affirming hormones demonstrated multiple 
impaired semen parameters, even without medi-
cally prescribed hormonal therapy [23]. One pos-
sible reason for poor sperm quality includes 
nondisclosed hormone use [23]. Other possible 
explanations include young patient age or changes 
in testicular function due to self- induced high posi-
tioning of the testes or tight underwear use [23].

5.6.1.3  Summary
 5 Although low levels of estrogen are necessary 

for male fertility, higher levels of exogenous 
estrogen administration appear to have a 
detrimental effect on the fertility potential of 

male gametes, as supported by both rodent 
data and human epidemiologic and clinical 
studies.

 5 The negative effects of estrogen on the testis 
appear to be at least partially reversible.

 5 Threshold levels for the amount and duration 
of exogenous estrogen exposure necessary to 
have a negative effect on fertility have yet to 
be established.

5.6.2  Testosterone and Fertility 
in Trans-men

Analogous to the role estrogen plays in male fer-
tility, some testosterone is necessary for normal 
reproductive functioning in women. Also similar 
to the effect of estrogen on testicular function, 
exogenous testosterone can cause negative effects 
on ovarian function leading to fertility problems. 
However, there is relatively little data specifically 
examining the effects of testosterone on future 
fertility on trans-men. In addition to the small 
amount of data regarding trans-men directly, rel-
evant animal data do exist, and information 
regarding the effects of elevated testosterone in 
women with polycystic ovarian syndrome (PCOS) 
may also be extrapolated to trans-men who use 
exogenous testosterone.

5.6.2.1  Animal Data
Data from animal studies has established that sup-
raphysiological androgen levels have a negative 
effect on the ovary. For example, exogenous testos-
terone administration has been associated with 
reduced ovarian weight in both adult female rats 
[18] and homing pigeons [24]. Suggested mecha-
nisms include delayed follicular maturation [24] 
and follicular atresia potentially due to an anties-
trogenic effect of testosterone [18]. Administration 
of a potent androgen, dehydroepiandrosterone 
(DHEA), to adult female rats has also been associ-
ated with follicular atresia [25]. Additionally, 
DHEA administration may cause local ovarian 
testosterone production and inflammation, lead-
ing to reductions in fertility potential [25].

5.6.2.2  Evidence in Humans

Polycystic Ovarian Syndrome Data
PCOS is characterized by endocrine and repro-
ductive dysfunction. Women with PCOS have 

Fertility Preservation in Patients with Gender Dysphoria



62

5

manifestations of hyperandrogenism including 
challenges with fertility. In addition to elevated 
androgens, other endocrine abnormalities are 
also present, including elevated levels of insulin, 
inhibin B, and luteinizing hormone [26]. 
Through a multifactorial pathway, folliculogen-
esis is impaired, potentially due to a delay or 
arrest in follicular maturation [26, 27]. Although 
androgens certainly play a role in PCOS-related 
ovarian dysfunction, infertility related to PCOS 
is not solely due to androgen effects. One key 
factor associated with infertility in women with 
PCOS may be the estradiol-to-testosterone 
ratio, with lower ratios being associated with 
anovulation [28].

Effects of Testosterone Exposure 
in Trans-men
From available data, effects of testosterone (at 
doses typically used by trans-men) on ovarian 
function appear to be incomplete and/or at least 
partially reversible. One recent study of trans- 
men undergoing oophorectomy as part of surgical 
transition demonstrated a surprisingly normal 
distribution of follicle types, despite a >1-year 
average duration of testosterone treatment [29]. 
Oocytes were also able to be matured in vitro after 
surgical removal [29], indicating that FP at the 
time of oophorectomy may be a viable option for 
some trans-men. Pregnancy (as documented by a 
self-report) has been also reported in trans-men 
who have previously used testosterone, including 
some who were still amenorrheic from testoster-
one use [30, 31]. There also are cases of pregnancy 
occurring while trans-men were still taking tes-
tosterone [32].

5.6.2.3  Summary
 5 Low levels of testosterone are necessary  

for female fertility, although higher levels  
are associated with changes in ovarian 
histology and function that can lead to 
infertility.

 5 The effects of exogenous testosterone on the 
ovaries do not cause sterility, as pregnancies 
have been reported in trans-men with 
current and previous testosterone use.

 5 Threshold levels for the amount and duration 
of exogenous testosterone exposure necessary 
to have a negative effect on fertility have yet 
to be established.

5.7  Ethics of Fertility Preservation 
Options for Trans-individuals

Because of the potential effects of treatment on 
fertility, loss of reproductive potential has long 
been viewed as an inexorable consequence to 
transition [33]. It was not until 2001 that the 
Endocrine Society explicitly stated that reproduc-
tive issues need to be discussed prior to the initia-
tion of treatment. Furthermore, the American 
Academy of Child and Adolescent Psychiatry has 
maintained that there has been no credible evi-
dence that shows that a parent’s sexual orientation 
or gender identity will adversely affect the devel-
opment of offspring, further supporting an ethical 
obligation to discuss the reproductive needs of 
transgender individuals and their potential as 
parents [34].

Current established methods of FP include 
sperm, oocyte, and embryo cryopreservation, all 
of which have been considered standard of care 
for patients receiving gonadotoxic therapy [35]. It 
is reasonable to extend this standard to trans-men 
and trans-women receiving gender-affirming 
hormones. Informed consent to access assisted 
reproductive technology poses further ethical 
questions in the adolescent population, as they 
are still considered minors. However, research on 
cognition and capacity suggests that adolescents 
show significant ability to provide informed con-
sent, suggesting that content and wording of 
informed consent forms for adolescents should 
resemble those used with adults [36]. The 
American Academy of Pediatrics state that chil-
dren and adolescents need to be involved in deci-
sions involving their health care in a 
developmentally appropriate manner [37]. This 
includes obtaining parental consent in matters 
involving adolescents as well as obtaining assent 
in minors who are able to understand the choices 
presented prior to treatment.

Experimental procedures such as ovarian or 
testicular tissue cryopreservation may be reason-
able to perform in adult trans-individuals in 
research settings with institutional review board 
(IRB) oversight [35]. Their use in the transgender 
adolescent population, however, is precluded by 
current WPATH recommendations not to per-
form irreversible surgery (i.e., orchiectomy or 
oophorectomy) in trans-adolescents, the lack of 
data regarding the success of these procedures 

 J. Jarin et al.



63 5

(especially testicular tissue cryopreservation), 
and the current paucity of data regarding the 
actual risk of gonadotoxicity of hormonal 
 treatments.

5.8  Fertility Preservation  
Options Prior to Initiation 
of Gender- Affirming Hormones

5.8.1  Trans-women

Trans-women who have undergone male puberty 
prior to initiating estrogen therapy may opt for FP 
through sperm cryopreservation. Sperm cryo-
preservation was first reported in 1953 by Bunge 
and Sherman and has since become the most 
widely used method of FP for men faced with fer-
tility challenges [38]. This can be accomplished at 
sperm-banking facilities, with sperm classically 
obtained through masturbation [39]. The physical 
act of obtaining a semen specimen through mas-
turbation may exacerbate GD in trans-women 
[40]. In these cases, and others in which sperm is 
not possible to be obtained through ejaculation, 
surgical techniques exist that may retrieve sperm 
for cryopreservation including testicular sperm 
aspiration (TESA), percutaneous sperm aspira-
tion (PESA), and testicular sperm extraction 
(TESE). Experimental testicular tissue cryo-
preservation has been reported for prepubertal 
patients with cancer [41] but is not currently con-
sidered an option for children with GD.

5.8.2  Trans-men

Trans-men who have undergone female puberty 
can choose to preserve fertility through embryo 
cryopreservation or oocyte cryopreservation. 
The success of embryo cryopreservation in 
achieving viable pregnancies has long been doc-
umented. Furthermore, oocyte cryopreserva-
tion has improved dramatically over the past 
decade so much so that it is currently recom-
mended by the American Society for 
Reproductive Medicine for patients undergoing 
chemotherapy or other potentially gonadotoxic 
therapies [42]. Pregnancies resulting from 
assisted reproductive technology have been 
reported in trans-men undergoing testosterone 

therapy [30]. Successful pregnancies have also 
been documented in trans-men that were 
achieved using cryopreserved oocytes obtained 
prior to initiating testosterone; these pregnan-
cies were carried by their sexually intimate part-
ners [43]. As with trans-women, the procedures 
necessary (i.e., ovulation induction, transvagi-
nal ultrasounds) to obtain oocytes in trans-men 
may also exacerbate GD [44].

Ovarian tissue cryopreservation is currently 
an experimental option but one that possibly car-
ries the most potential and has been offered to 
women undergoing chemotherapy [45]. All cur-
rently reported pregnancies after ovarian tissue 
cryopreservation have transpired through auto-
transplantation of the thawed tissue. Given that 
the effects of testosterone on ovarian function 
may be reversible and the damage inflicted on the 
ovarian tissue in the process of surgical removal, 
cryopreservation, and thawing, this option is not 
yet currently justified. In the future, if in  vitro 
oocyte maturation yields pregnancies, ovarian tis-
sue cryopreservation may become more widely 
utilized for trans-men who desire FP, as it does 
not require hormonal stimulation. However, as 
previously discussed, ovarian tissue cryopreserva-
tion is not currently recommended for transgen-
der adolescents given the irreversibility of 
oophorectomy.

Fertility in trans-men can be achieved through 
in  vitro fertilization of an individual’s oocytes 
with implantation in a partner or surrogate or 
through spontaneous or assisted reproductive 
technologies. As stated before, pregnancies in 
trans-men have been reported. It is important to 
note that trans-men must stop testosterone ther-
apy before and during pregnancy and that preg-
nancy and delivery may be associated with higher 
rates of depression and suicidality than in cis- 
women [30, 31].

5.9  Special Considerations

5.9.1  Fertility Preservation After 
Pubertal Suppression

FP after pubertal suppression presents unique 
issues as the gonads (both testes and ovary) have 
not fully matured at Tanner stage 2, which is when 
the Endocrine Society recommends starting  
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suppression. There have been reports of successful 
sperm retrieval either by electroejaculation or tes-
ticular sperm extraction in adolescents scheduled 
to undergo gonadotoxic therapy for malignancy; 
however, successful extraction was documented 
only in adolescents with at least Tanner stage 3 
development [46]. Ovulation induction in 
 adolescents also presents a similar challenge, with 
only one case report of successful ovarian stimula-
tion and oocyte retrieval on a premenarcheal natal 
female with Tanner stage 3 breast development 
and Tanner stage 1 pubic hair [47].

To circumvent this, the Endocrine Society 
Guidelines recommend fertility-preserving mea-
sures to be performed after cessation of gonado-
tropin suppression but prior to gender-affirming 
hormone treatment [2]. Pubertal suppression 
with GnRH analogues is reversible and should 
not prevent resumption of pubertal development 
upon cessation of treatment; however, patients 
need to be counseled that there is no data in this 
population concerning the time required for suf-
ficient spermatogenesis or for resumption of ovu-
lation following pubertal suppression [48]. 
Furthermore, cessation of suppression without 
subsequent gender-affirming hormone therapy 
may result in irreversible and undesirable sex 
characteristics, depending on the length treat-
ment to be withheld [2]. Currently, no experi-
mental protocols exist for pre- or peri-pubertal 
gonadal tissue cryopreservation, given that it 
would require an otherwise medically unneces-
sary surgical procedure.

5.9.2  Fertility Preservation Options 
at Time of Gonadectomy

Currently in the United States, there are several 
investigational protocols for ovarian or testicular 
tissue freezing in young men and women whose 
fertility is threatened by needed cancer therapy. 
These involve removal of a portion or the entire 
gonad with cryopreservation of the tissue for pos-
sible thawing and future use. The American 
Society of Clinical Oncology currently recom-
mends that these procedures be performed under 
institutional review board oversight as they are 
experimental [48]. As discussed above the 
Endocrine Society Guidelines state that it is rea-
sonable to perform gonadectomy after age 18 as 

part of gender- affirming surgery in transgender 
adolescents and adults, and at this time, tissue 
freezing under IRB protocol could be considered 
[2]. Most patients undergo surgery after they have 
initiated hormonal therapy, and thus, their 
gonadal function may already be affected. This 
highlights the need for all transgender individuals 
to be informed and counseled regarding options 
for fertility prior to medical or surgical treatment.

5.10  Attitudes Toward 
and Utilization of Fertility 
Preservation in Patients 
with Gender Dysphoria

As mentioned above, the WPATH recommends 
discussing fertility effects of pubertal suppression 
and gender-affirming hormones prior to initia-
tion of these therapies. Furthermore, it is recom-
mended that healthcare professionals discuss 
fertility options for future reproduction needs 
prior to patients with GD undergoing medical or 
surgical treatments that could impact their ability 
to have a biological child in the future [3]. Despite 
these WPATH recommendations about fertility 
counseling, and a stated desired of many trans-
gender individuals to have biological children 
[49–51], relatively few individuals with GD cur-
rently pursue FP.

Two recent series of adolescents with GD 
demonstrate a 3–4% rate of attempted FP prior to 
the initiation of hormonal treatments [40, 52]. 
Sperm cryopreservation is currently more com-
mon than oocyte cryopreservation, at least in part 
due to perceived discomfort associated with the 
procedures required to harvest oocytes [52]. 
Other identified barriers to FP among individuals 
with GD include cost [40, 52], perceived misgen-
dering/poor treatment by sperm bank technician 
[52], and concerns about the delay of hormonal 
treatments [40, 44].

Although the uptake of FP among individuals 
with GD has been historically low, several recent 
studies provide reasons for a more positive view 
of future fertility and FP for transgender individ-
uals. A recent qualitative study of transgender 
men found that while procedures to harvest 
oocytes can be potentially distressing, the FP pro-
cess was less distressing to some trans-men than 
expected and that coping strategies (including the 
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use of cognitive behavioral techniques and reli-
ance on a support system) were helpful to many 
[44]. Cases of transgender individuals using pre-
viously preserved oocytes and sperm to have bio-
logical children are emerging in the literature [43, 
53], demonstrating concrete utility of the WPATH 
recommendations to discuss future fertility and 
FP for individuals with GD.  The use of gender- 
neutral terminology (e.g., gametes instead of 
oocytes or bleeding instead of menstruation) [44, 
54] and development of trans-inclusive clinic 
forms [54] may facilitate the uptake of FP and use 
of assisted reproductive technologies by more 
transgender individuals in the future.

5.11  Future Research Priorities

The field of oncofertility has heightened aware-
ness about fertility concerns in patients with can-
cer; however, the application of FP in transgender 
medicine is emerging. While prolonged use of 
gender-affirming hormones can have negative 
effects on both ovarian and testicular function, 
there is no data examining the amount and dura-
tion of exposure that guarantees infertility (or 
fertility) in either trans-men or trans-women. 
Establishing the extent of gonadotoxicity of 
gender- affirming hormone therapy would allow 
clinicians to better inform their patients about 
their options for FP and future. Furthermore, 
pubertal suppression raises the possibility of (1) 
ovulation induction and sperm extraction in ado-
lescents who may be in mid- or late adolescence 
but relatively early in their pubertal development 
[46, 47] and (2) development of research proto-
cols whereby children who are in Tanner stages 
2–3 could choose to undergo gonadal biopsy and 
experimental cryopreservation. Further research 
is needed to ascertain the safety and acceptability 
of these possible interventions in children who 
are in Tanner stages 2–3. Finally, patient-centered 
outcomes research related to family planning and 
fertility has been established as priority for future 
transgender healthcare research [55].

5.12  Conclusion

Advances in the field of oncofertility have opened 
doors to FP in other populations, including trans-
gender children and adolescents. However, this 

population presents its own unique set of chal-
lenges because of the early timing of pubertal sup-
pression and the unknown extent of 
gonadotoxicity of gender-affirming hormones. 
Furthermore, while there is available data on the 
views of both parents and children regarding FP 
in the setting of cancer, there is a paucity of litera-
ture describing the attitudes of transgender chil-
dren and adolescents regarding potential future 
childbearing [56]. Nevertheless, all transgender 
individuals should be informed and counseled 
regarding their options for future fertility prior to 
the initiation of pubertal suppression or gender- 
affirming hormones.

 Review Questions and Answers

 ?  Q1.  What types of hormonal therapies 
cause subfertility in individuals with 
gender dysphoria?

 v  A1.  Pubertal suppression and 
gender-affirming hormones 
(testosterone for trans-men and 
estrogen for trans-women) can both 
cause subfertility. Both are thought to 
be at least partially reversible once 
stopped.

 ?  Q2.  True or false: Trans-men who have 
used testosterone cannot carry a 
pregnancy.

 v  A2.  False – Trans-men who have previously 
used testosterone can carry a 
pregnancy, although testosterone 
must be stopped before attempting 
pregnancy.

 ?  Q3.  Which fertility preservation options 
are not recommended for adolescents 
with gender dysphoria, according to 
WPATH?

 v  A3.  Ovarian or testicular tissue 
cryopreservation is currently 
considered experimental and is not 
recommended for adolescents due to 
(1) the need to potentially perform 
irreversible procedures 
(gonadectomy), (2) lack of data 
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regarding potential success of the 
procedures, and (3) unclear data 
regarding exact gonadotoxicity of 
gender-affirming hormones.

 ?  Q4.  Approximately what percentage of 
transgender adolescents attempt 
fertility preservation prior to the 
initiation of gender-affirming 
hormones?

 v  A4.  Approximately 3–4%, with sperm 
banking being more commonly 
reported than oocyte 
cryopreservation.
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Key Points
 5 Significant improvements in treatments 

in oncologic conditions have increased 
survival rates in reproductive-age 
women, and as a result, a woman’s 
fertility potential is an important 
counseling area for pre-cancer treat-
ment.

 5 Embryo cryopreservation before 
chemotherapy is the most well-estab-
lished and widely available method of 
fertility preservation for women; oocyte 
cryopreservation gives women the most 
reproductive autonomy.

 5 Oocyte or embryo banking require 
controlled ovarian hyperstimulation and 
oocyte retrieval procedures and take 
approximately 12–14 days to complete. 
Patients must carefully consult with their 
gynecologic oncologist or oncologist 
prior to determine if this modest delay in 
treatment will significantly impact their 
treatment and prognosis.

 5 The majority of reproductive-age women 
who are diagnosed with cancer are 
candidates for fertility preservation and 
should receive counseling prior to the 
initiation of cancer treatments.

6.1  Introduction

Due to significant improvements in cancer 
treatments, patients affected by oncologic dis-
ease are living longer, fuller lives. As a result, the 
fertility potential of reproductive-age women 
affected by cancer has become an increasing 
focus for those who counsel and treat such 
patients. Indeed, patients who have undergone 
fertility preservation procedures prior to onco-
logical treatment report that fertility preserva-
tion positively impacted their quality of life 
during treatment [1].

Advances in reproductive medicine now allow 
patients diagnosed with cancer during their 
reproductive years to undergo various fertility 
preservation techniques, maintaining the poten-
tial for childbearing following successful cancer 
treatment [2–4]. In addition, fertility preservation 
options, such as oocyte cryopreservation, are now 
available for those patients with ethical, religious, 

or social concerns that may prohibit the creation 
and storage of embryos.

In this chapter, we will focus on the use of 
embryo and oocyte banking for fertility preser-
vation.

6.2  Candidates for Fertility 
Preservation

Women of reproductive age who are scheduled to 
undergo medical treatment that could lead to pre-
mature decline of ovarian function should be 
counseled regarding the possibility of oocyte or 
embryo cryopreservation [3, 5]. Prior to initiating 
treatment in a patient who desires fertility preser-
vation, a screening examination should be per-
formed in order to confirm that the patient is a 
good candidate. A baseline fertility assessment, 
such as an antral follicle count (AFC) and mea-
surement of anti-Müllerian hormone (AMH) 
and/or day 3 follicle-stimulating hormone (FSH) 
levels, should be part of the evaluation. In addi-
tion, tumor type and stage, timing and gonado-
toxicity of chemotherapy, and overall health of the 
patient should be taken into consideration before 
initiating fertility treatment. Information col-
lected in this baseline assessment not only aids 
the physician in selecting appropriate medication 
doses but also allows for appropriate counseling 
regarding expected success rates following the 
procedure.

The standard procedure for embryo and 
oocyte cryopreservation requires controlled ovar-
ian hyperstimulation and oocyte retrieval, a pro-
cess that requires approximately 12–14  days. If 
chemotherapy cannot be postponed for this 
period of time without potential compromise to 
the patient’s immediate or long-term treatment 
outcomes, other fertility preservation options 
should be explored.

Patients should be counseled regarding all fer-
tility preservation methods that are applicable to 
their specific circumstance [6, 7]. Ideally, this 
counseling should be performed by a physician 
specializing in reproductive endocrinology and 
infertility who has experience working with can-
cer patients. During the counseling session, 
potential complications of these treatments, such 
as ovarian hyperstimulation syndrome and intra- 
abdominal bleeding, should be discussed in detail. 
Although the incidence of such complications is 
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low, occurring in approximately 5% of cycles, the 
potential impact of these complications on the 
patient’s current health status and/or plans to 
move forward with cancer treatment may be sig-
nificant [8, 9].

6.3  Embryo Banking

Since the first reported birth in 1983, several hun-
dred thousand children have been born from 
cryopreserved embryos created during in  vitro 
fertilization (IVF) cycles. For women with a com-
mitted male partner, or who are prepared to use 
donor sperm, embryo cryopreservation before 
chemotherapy is the most well-established and 
widely available method of fertility preservation 
[10–12]. This technique involves the collection of 
oocytes followed by fertilization in the laboratory 
and subsequent freezing of viable embryos.

6.3.1  Procedure

The embryo banking procedure begins with con-
trolled ovarian hyperstimulation with injectable 
gonadotropins. The stimulation has traditionally 
started the second or third day of full menstrual 
flow; however, success can be achieved with initi-
ation of ovarian stimulation during any phase of 
the menstrual cycle [13–15].

A classic GnRH antagonist protocol is most 
often employed as it can be completed quickly 
and has been associated with a lower risk of ovar-
ian hyperstimulation syndrome [16]. A typical 
cycle is as follows:

 5 Daily injections with gonadotropins begin on 
cycle day 2 or 3 and continue daily for an 
average of 10–12 days.

 5 GnRH antagonist is added to the medication 
schedule when the largest ovarian follicle 
measures 14 mm on transvaginal ultrasound.

 5 Ovulation is triggered with a single injection 
of human chorionic gonadotropin (hCG).

 5 Oocyte retrieval is performed 34–36 h follow-
ing hCG injection.

 5 Retrieved oocytes are fertilized in the 
laboratory. Intracytoplasmic sperm injection 
(ICSI) is recommended when sperm param-
eters are abnormal and may be chosen even 
when semen analysis is normal in order to 
reduce the risk of fertilization failure [17].

 5 Successful fertilization is assessed on the day 
following oocyte retrieval, and the embryos 
are monitored in the laboratory until the time 
of cryopreservation.

 5 Embryos may be cryopreserved at the 2PN 
(i.e., prezygote), day 3 (i.e., 8 cell), or day 5 
(i.e., blastocyst) stage. The timing of 
cryopreservation should be individualized 
and based upon the wishes of the patient 
and the recommendation of the treating 
physician.

When beginning stimulation later in the cycle, a 
modified GnRH antagonist protocol can be uti-
lized, as follows [5, 13–15]:

 5 GnRH antagonist is administered as a single 
3-mg dose or daily (0.25-mg dose) for 
2–3 days to induce menses within 5–7 days, 
at which time ovarian stimulation can 
begin [5].

 5 Alternatively, gonadotropins and GnRH 
antagonist can be started at the same time 
and continued throughout the cycle, or 
antagonist can be added when the leading 
follicle reaches 13–14 mm.

 5 Ovulation triggering, fertilization, and 
embryo cryopreservation are carried out in 
the same fashion as with the traditional 
GnRH antagonist protocol.

Ovulation induction with leuprolide acetate (sin-
gle 0.4-mL (2-mg) injection) can be administered 
in lieu of the traditional hCG ovulation trigger to 
reduce the risk of ovarian hyperstimulation syn-
drome in those patients at risk [18].

6.3.2  Cost

The average cost of an embryo cryopreservation 
(i.e., IVF) cycle ranges from $9286 to $12,513 
[19, 20]. In addition, the initial cost of freezing 
and storage may add several hundred dollars to 
the total charge, and there will be additional fees 
at the time the embryos are thawed and trans-
ferred. Costs vary from one center to another, 
and specifics regarding cost should be addressed 
with the treating physician. Insurance coverage 
of fertility- preserving treatments is also widely 
variable, and questions regarding fertility bene-
fits should be directed toward the patient’s insur-
ance provider.
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There are some nonprofit organizations dedi-
cated to providing support for patients whose 
medical treatments present the risk of infertility. 
These organizations, such as Fertile Hope®, a 
national LIVESTRONG initiative, and the Fertile 
Action Program, may be able to assist patients with 
the financial burden associated with undergoing 
fertility preservation procedures. Information 
about these organizations may be found online or 
provided by the treating physician.

6.3.3  Timing

The duration of treatment, from stimulation start 
to oocyte retrieval, is approximately 12–14 days. 
Chemotherapy can be started 1–2  days after 
oocyte retrieval. In one study, the effect of begin-
ning chemotherapy before complete recovery of 
the ovaries after stimulation did not show any 
increase in ovarian damage [21].

6.3.4  Risks

Ovarian stimulation with oocyte retrieval is a rel-
atively low-risk process. However, a small propor-
tion of patients will experience complications 
such as mild-to-severe ovarian hyperstimulation 
syndrome or intra-abdominal bleeding. In addi-
tion, patients may experience a delay in the initia-
tion of cancer treatment and may have an 
increased risk of thromboembolic events and 
theoretic stimulation of estrogen-sensitive can-
cers [22]. In the long term, the procedure may fail 
to produce retrievable eggs, produce embryos, or 
result in a pregnancy or live birth.

6.3.5  Success Rates

Published data suggest that women opting for 
embryo cryopreservation prior to initiation of 
cancer treatment can expect success rates similar 
to those of women undergoing IVF for male fac-
tor infertility [23, 24]. Parameters to define suc-
cess, such as oocyte yield, number of embryos 
cryopreserved, pregnancy rates, and live birth 
rates, are highly dependent upon the patient’s age 
and baseline fertility evaluation. . Table  6.1 
shows national success rates for thawed embryo 
cycles by age.

6.4  Oocyte Banking

Advances in oocyte cryopreservation have 
allowed more women to pursue fertility preserva-
tion. Because a sperm source is not needed before 
oocyte cryopreservation, women without a male 
partner may consider this option. In addition, 
oocyte cryopreservation presents those patients 
who have ethical or religious objections to the 
creation of embryos for storage with an alterna-
tive treatment choice. This option gives women 
the most reproductive autonomy and should be 
offered to all women.

When first introduced in the 1980s, the ability of 
a cryopreserved oocyte to be fertilized and result in 
a live birth was compromised by poor oocyte sur-
vival and poor fertilization rates [25–29]. However, 
improvements in cryopreservation techniques have 
resulted in significantly improved outcomes in 
patients opting for this method [30–32]. In 2013, 
the American Society for Reproductive Medicine 
(ASRM) and the Society for Assisted Reproductive 
Technology (SART) published a joint document 
which cited the improvements in pregnancy success 
using cryopreserved oocytes and stated that oocyte 
cryopreservation should no longer be considered 
experimental [33]. Further, ASRM recommends 
that patients facing infertility due to treatment with 
gonadotoxic therapies undergo oocyte cryopreser-
vation with appropriate counseling.

6.4.1  Procedure

The oocyte banking procedure follows the same 
ovarian stimulation protocols as outlined above 
for embryo banking. As in the case of embryo 

       . Table 6.1 Thawed embryo success rates

Age (years) <35 35–37 38–40 41–42

Number 
of thaw 
procedures

14,756 7733 5342 1693

Live birth/
egg retrieval 
cycle

42.5% 39.5% 33.5% 27.8%

Data from 2014 SART statistics (Final Subsequent 
Outcome (Frozen Cycles), filtered for “frozen embryo”)
SART Society for Assisted Reproductive Technology
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cryopreservation, the stimulation start date is tra-
ditionally the 2nd or 3rd day of full menstrual 
flow but can be performed at any time during the 
menstrual cycle [13–15].

Following oocyte retrieval, oocytes are pre-
pared for cryopreservation. Two methods of 
oocyte cryopreservation are available: slow freez-
ing and vitrification [34]. With the slow-freezing 
method, the oocyte is placed in a low concentra-
tion of cryoprotective solution that acts as “anti-
freeze” by disrupting hydrogen bonds between 
water, and the oocyte is then slowly frozen in a 
programmable freezer. In vitrification, the oocyte 
is placed in a high concentration of cryoprotective 
agents and then rapidly cooled using liquid nitro-
gen. The thawing process is also ultrarapid in 
order to avoid ice nucleation.

Current evidence suggests that vitrification 
results in higher survival, fertilization, implanta-
tion, and pregnancy rates than slow freezing [29, 
35, 36]. Therefore, the vitrification technique is 
the preferred method for oocyte cryopreserva-
tion, although a number of pregnancies have 
been reported using oocytes that were cryopre-
served using the slow-freezing method [34, 35, 
37, 38].

6.4.2  Cost

The average cost of an oocyte cryopreservation 
cycle is approximately $7791 [19]. In addition, 
the initial cost of freezing and storage may add 
several hundred dollars to the total charge, and 
there are additional fees at the time of thawing 
and transfer. Costs vary from center to center, 
and specifics should be addressed by the treat-
ing physician. As with embryo cryopreserva-
tion, insurance coverage is widely variable and 
questions regarding fertility benefits should be 
directed toward the patient’s insurance pro-
vider. Patients may also look into financial 
assistance programs for cancer survivors as 
described earlier.

6.4.3  Timing

The duration of treatment, from stimulation start 
to oocyte retrieval, is approximately 12–14 days. 
Chemotherapy can be started 1–2  days after 
oocyte retrieval. In one study, the effect of begin-

ning chemotherapy before complete recovery of 
the ovaries after stimulation showed no increase 
in ovarian damage [21].

6.4.4  Risks

Medical risks are similar to that for embryo 
cryopreservation. In addition, there is a risk that 
the oocytes may not survive thawing, not fertil-
ize, or not result in a pregnancy in the future. 
Although short-term data are reassuring with 
regard to the incidence of chromosomal abnor-
malities and congenital anomalies in pregnan-
cies achieved with cryopreserved oocytes, 
long-term data on developmental outcomes are 
lacking [33, 39].

6.4.5  Success Rates

There is compelling evidence that pregnancy rates 
in patients using cryopreserved oocytes are simi-
lar to those achieved with IVF utilizing fresh 
oocytes in young patients [33, 40, 41]. . Table 6.2 
shows national success rates for thawed oocyte 
cycles by age.

The success of an oocyte cryopreservation 
cycle (i.e., oocyte yield) is highly dependent upon 
the patients’ age and baseline fertility evaluation. 
It is important to provide individualized counsel-
ing, taking into account the above factors as well 
as clinic-specific success rates, when discussing 
likelihood of live birth following oocyte cryo-
preservation [33].

       . Table 6.2 Thawed oocyte success rates

Age (years) <35 35–37 38–40 41–42

Number of 
thaw 
procedures

109 52 47 61

Live birth/
egg retrieval 
cycle

34.9% 25.0% 17.0% 19.7%

Data from 2014 SART statistics (Final Subsequent 
Outcome (Frozen Cycles), filtered for “frozen 
embryo”)
SART Society for Assisted Reproductive Technology
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6.5  Tumor-Specific Considerations

6.5.1  Breast Cancer

Breast cancer is the most common neoplasm 
diagnosed during the reproductive years, with 
more than 15% of all new breast cancer diagnoses 
occurring under the age of 40 years [42–44]. The 
treatment of invasive breast cancer often includes 
gonadotoxic agents. As a result, a significant pro-
portion of cancer survivors suffer from premature 
ovarian insufficiency, making this population an 
important target for fertility preservation coun-
seling and treatment.

Historically, women with breast cancer have 
not been offered embryo or oocyte cryopreserva-
tion to preserve fertility due to the theoretical risk 
of tumor progression with the high estradiol lev-
els that often occur during ovarian stimulation. 
However, standard stimulation protocols can be 
modified to include the selective estrogen modu-
lator tamoxifen or the aromatase inhibitor letro-
zole. In one protocol, letrozole (5 mg/day) can be 
administered at the same time as gonadotropins 
and continued for 7  days after oocyte retrieval. 
The addition of an aromatase inhibitor allows for 
ovarian stimulation without significant increases 
in estradiol levels [45]. As a result, breast cancer 
patients should be offered the option of embryo 
or oocyte cryopreservation.

The timing of ovarian stimulation is of par-
ticular importance in patients with invasive 
breast cancer. In general, the initiation of ovarian 
stimulation is preferred after surgical excision, 
especially in those patients with hormone recep-
tor-positive tumors. Instead, ovarian stimulation 
is best started in the hiatus between surgical exci-
sion and chemotherapy. In most cases, surgical 
excision precedes the initiation of chemotherapy 
by 4–6  weeks, allowing for sufficient time to 
undergo ovarian stimulation for fertility preser-
vation. Retrospective studies have shown no sig-
nificant delay in breast cancer treatment in 
patients who decide to undergo ovarian stimula-
tion [46, 47]. Furthermore, ovarian stimulation 
in patients with both hormone receptor-positive 
and hormone receptor-negative tumors has not 
been associated with any difference in disease-
free survival and overall survival rates compared 
with those not undergoing fertility preservation 
procedures [48, 49].

6.5.2  Ovarian Cancer

In the past, the options for fertility preservation in 
patients with ovarian cancer were severely limited 
due to the extensive surgical management that 
treatment of such malignancies involved. The stan-
dard of care for ovarian cancer treatment in most 
cases included total abdominal hysterectomy, bilat-
eral salpingo-oophorectomy, and comprehensive 
surgical staging. However, less radical surgical man-
agement, such as unilateral salpingo- oophorectomy, 
can be considered in carefully selected cases [50]. 
Studies examining the 5-year survival rate of 
patients with early-stage disease showed no differ-
ence in survival between those who underwent fer-
tility-sparing procedures and those who did not 
[51]. Generally speaking, women with early-stage 
ovarian cancer may be candidates for fertility pres-
ervation via embryo or oocyte cryopreservation.

6.5.3  Hematologic Malignancies

The treatment of hematologic malignancies is fre-
quently associated with significant gonadal toxic-
ity, making fertility preservation counseling and 
treatment of utmost importance in this popula-
tion [52, 53]. Complicating the treatment of such 
patients is the urgency to begin cancer therapy as 
early as possible after diagnosis. Patients due to 
undergo immediate cancer treatment are not can-
didates for embryo or oocyte cryopreservation 
and should, instead, be offered alternative meth-
ods of fertility preservation. For those patients in 
whom a 2-week treatment delay is acceptable, one 
can proceed with embryo and/or oocyte cryo-
preservation using the routine protocol. As 
patients usually begin chemotherapy shortly after 
oocyte retrieval, the use of leuprolide acetate for 
ovulation induction can speed the interval from 
oocyte retrieval to next menses and minimize the 
symptoms of ovarian stimulation.

6.5.4  Endometrial Cancer

In reproductive-age women, endometrial cancer 
tends to be associated with prolonged unopposed 
estrogen exposure. This may be the result of obesity, 
anovulation, and/or polycystic ovary syndrome. As 
these conditions are often associated with infertility, 
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approximately 15% of young patients found to have 
endometrial cancer are actually identified during 
the course of infertility workup [54].

Traditionally, the treatment for endometrial 
cancer has included total hysterectomy and 
bilateral salpingo-oophorectomy. Alternative 
treatments that may allow for fertility conserva-
tion are available for patients who meet certain 
criteria. Women with low-grade endometrial 
cancer may choose to treat their disease with 
hormonal therapy rather than surgery. In these 
cases, oral progestational agents may be used in 
an attempt to convert the endometrium back to 
a benign state [55–58]. Conservative surgical 
management with ovarian preservation may also 
be an option for those patients who are consid-
ering the use of a gestational carrier for child-
bearing.

In those patients who are not felt to be candi-
dates for conservative therapy, ovarian stimulation 
with embryo and/or oocyte cryopreservation fol-
lowed by definitive surgical treatment may be 
employed. A progestin-containing IUD can be 
placed during the stimulation [58]. It should be 
noted that there is a significant risk of disease recur-
rence and/or progression when conservative treat-
ments for endometrial cancer are employed [59]. 
The decision to proceed with these types of therapy 
should be done only with the recommendation and 
guidance of a trained gynecologic oncologist.

6.5.5  Cervical Cancer

Cervical cancer is most commonly diagnosed 
during the reproductive years and frequently 
affects women who have not completed child-
bearing. Conventional treatment for cervical can-
cer may include radical hysterectomy with or 
without postoperative pelvic radiation and che-
motherapy; however, women with early-stage dis-
ease (1A2 and 1B1) may be candidates for more 
conservative surgical therapy. Radical trachelec-
tomy (surgical removal of the uterine cervix) in 
carefully selected patients allows for fertility pres-
ervation without a significant difference in sur-
vival rates compared with those undergoing 
radical hysterectomy [60, 61].

In patients undergoing hysterectomy, ovarian 
stimulation can be performed either pre- or 
postoperatively. When embryo and/or oocyte 

cryopreservation is pursued postoperatively, the 
starting point for stimulation can be made sero-
logically, as menses cannot be used as the start-
ing point, or a random start can be used. In 
addition, if oophoropexy is performed at the 
time of hysterectomy, ovarian monitoring and 
retrieval may need to be done transabdominally. 
Furthermore, manipulation of the ovaries may 
affect blood supply and decrease responsiveness 
to stimulation.

6.6  Conclusions

As earlier detection and treatment allow cancer 
patients to live longer, fuller lives, the need for 
timely and comprehensive counseling regarding 
fertility preservation in these women has become an 
important quality of life issue. Fortunately, the 
majority of reproductive-age women who are diag-
nosed with cancer are candidates for fertility preser-
vation, often by embryo and/or oocyte 
cryopreservation. All women should be made aware 
of their options for fertility preservation, allowing 
them the potential to fulfill their reproductive goals.
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 Review Questions and Answers

 ?  Q1.  What evaluation is included prior to 
initiation of oocyte/embryo 
preservation?

 v  A1.  An antral follicle count, anti-Mullerian 
hormone level, and/or day 3 FSH level.

 ?  Q2.  Which freezing method results in 
higher survival, fertilization, 
implantation, and pregnancy rates?

 v  A2.  Vitrification is the preferred method for 
oocyte or embryo preservation.

 ?  Q3.  In carefully selected patients with 
early-stage ovarian cancer, does 
fertility- sparing treatment change 
survival rate?
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 v  A3.  Studies have not shown a difference in 
5-year survival rates between those 
who underwent fertility-sparing 
procedures and those who did not.

 ?  Q4.  In an effort to decrease estrogen levels 
in a controlled ovarian stimulation cycle 
in patients with hormone- sensitive 
breast cancer, what modifications can 
be made to allow patients to proceed 
with fertility preservation?

 v  A4.  The addition of an aromatase inhibitor 
such as letrozole allows for ovarian 
stimulation without significant increase 
in serum estradiol levels.
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Key Points
 5 Ovarian cortex can be successfully 

cryopreserved and transplanted in 
young women with cancer who are risk 
for gonadotoxicity.

 5 Cortical pressure is a strong inhibitor of 
resting oocyte development and its 
decrease at the time of ovarian tissue 
transplantation may result in follicle 
depletion from over-recruitment.

 5 The only single-center series of frozen 
ovarian tissue transplantations in the 
United States reports a robust live birth 
rate.

7.1  Fresh Ovary Tissue Transplant

Successful fresh human ovary tissue transplanta-
tion was first reported between monozygotic twins 
discordant for premature ovarian failure (POF) 
using a cortical grafting technique [1, 2]. Normal 
menstrual cycles resumed after 4  months, and 
spontaneous pregnancy occurred 1  month later, 
ultimately resulting in live birth. Subsequently, a 
series of eight more consecutive successful cases 
was reported, all demonstrating resumption of 

normal ovulatory cycles [3, 4]. A ninth successful 
case was reported using a different technique, 
microvascular intact whole ovary transplantation, 
again with return of normal ovulatory cycles, 
spontaneous pregnancy, and delivery of a healthy 
child [5] (. Fig. 7.1).

Each of the cases in this series included pri-
mary ovarian insufficiency (POI) in one twin 
and proven fertility with completed childbearing 
in the other. In each case, careful consideration 
was given to alternate treatment options such as 
donor egg IVF and adoption. Seven of the 9 
homograft patients have conceived unassisted, 
resulting in a total of 11 live births. Additional 
ovarian cortical tissue was frozen for potential 
future grafting should the transplanted ovary 
cease to function [6]. This series of fresh trans-
plants afforded the opportunity to study the 
effect of transplant ischemia on the success of 
ovarian grafts without the concern of immuno-
suppression. Fresh cortical ovarian grafting 
results in minimal ischemic oocyte loss when 
performed using microsurgical techniques. The 
observed follicular depletion rather appears to 
be due to reduced cortical tissue pressure after 
the transplant, resulting in over- recruitment of 
primordial follicles. Despite representing only a 
small proportion of the total ovarian tissue, the 
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grafts last for 4–8  years due to a subsequent 
reduction in the rate of primordial follicle 
recruitment. The techniques pioneered in these 
fresh transplants have subsequently been applied 
to preserve fertility in patients facing sterilizing 
cancer treatment.

7.2  Frozen Ovary Tissue Transplant

Successful cryopreserved ovarian cortex trans-
plants in humans were first reported in 2005, and 
many other case reports have subsequently fol-
lowed [2, 4–22]. The first human applications were 
preceded by a long history of animal experimenta-
tion. Ovarian tissue was first shown to be success-
fully frozen and autografted in rats and mice in the 
1950s–1960s, resulting in live births [23, 24]. 
Candy et al. then showed these mice had a normal 
reproductive lifespan [25]. Interest in human 
applications began in the 1990s after Gosdens’ 
report of successful pregnancies following ovarian 
cortical transplantation in sheep [1]. While interest 
in cryopreserved ovarian cortical transplantation 
continues to grow, the current data originates from 
only a few centers, thus limiting its generalizability 
[11, 26–28].

One of the initial questions in human applica-
tion of cryopreserved ovarian tissue transplanta-
tion was how to minimize oocyte loss from 
ischemia and/or cryopreservation. Ischemic dam-
age can be avoided with intact whole ovary micro-
surgical transplantation, but the complexity and 
risk associated with this technique limits its utili-
zation as compared with cortical grafting [5]. 
Animal data regarding the risk of oocyte loss after 
cortical grafting is conflicting. A significant loss of 
oocytes had been noted in some studies [29], 
while normal lifetime graft survival has been 
observed in others [25]. An initial human study 
demonstrated a maximum graft survival of only 
2 years, but its generalizability was limited by the 
study population which included older women 
undergoing hysterectomy and oophorectomy 
[17]. It therefore remains unclear whether the 
modest outcomes after cryopreserved cortical 
grafting were limited by cryopreservation  damage, 
ischemia time, or prior damage from chemother-
apy [30].

7.2.1  Freezing Technique

The technique for slow freeze and thaw has not 
changed since the original description by Gosden 
et  al. in 1994 [1, 19]. Slow freezing is the most 
established method of ovarian cortical cryo-
preservation. The cortex is removed from the 
medulla; divided into multiple strips measuring 
1.0 × 1.5 × 0.5  cm each; incubated in 1.5  mol/L 
1,2-propanedial ethylene glycol or DMSO, 
0.1  mol/L sucrose with 10% SSS at 37  °C for 
30 min, and then 0.2 mol/L sucrose for 5 min; and 
finally transferred to cryovials and cooled by 
computerized lowering of temperature [31]. 
Cooling is first done at 2  °C/min to −9  °C and 
then seeded. Thereafter, the cooling rate is 
−0.3 °C/min down to −40 °C and then −10 °C /
min down to −140 °C and then plunged into liq-
uid nitrogen. Thawing is performed rapidly 
(37 °C/min) in a warm water bath, and the tissue 
is trimmed under an operating microscope before 
transplantation [1, 2, 6, 31]. This slow freeze 
method is well established and has resulted in 
most of the reported pregnancies and live births 
to date.

However, in  vitro viability analysis studies 
show that vitrification may be preferred due to its 
negligible oocyte loss rate as compared to the 50% 
oocyte loss with slow freezing [12, 18, 32]. For 
vitrification, the ovarian cortex is cut into slices 
measuring 10 × 10 × 1  mm. The tissue slices are 
initially equilibrated in 7.5% ethylene glycol (EG) 
and 7.5% dimethyl sulfoxide (DMSO) in HEPES- 
buffered handling media supplemented with 20% 
synthetic serum substitute (SSM) for 25  min. 
Then a second equilibration is performed in 20% 
EG and 20% DMSO with 0.5 M sucrose for 15 min 
or until the slices descend to the bottom of a 50 ml 
centrifuge tube indicating complete absorption of 
the cryoprotectants. The tissues are then placed 
on a thin metal strip (Kitayzato Bio Pharma, 
Japan) which are then plunged directly into sterile 
liquid nitrogen and inserted into a “closed” tube 
which contains liquid nitrogen for storage. For 
thawing, the metal strip is immersed swiftly into 
40 ml of 37 °C HEPES-buffered handling media 
supplemented with 1.0 mol sucrose for 1 min and 
then 40 ml of 0.5 mol sucrose for 5 min at room 
temperature and washed twice for 10 min in stan-
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dard handling media. Standard H+E histology 
and dye exclusion are performed to check for 
viability and presence of cancer cells (. Figs. 7.2, 
7.3, and 7.4).

7.2.2  Surgical Transplant Technique

The transplant technique has not substantially 
changed since the first fresh transplant in 2004 
and is well described [2]. After thawing, the ovar-
ian cortical strip is treated as though it were a full- 
thickness skin graft (1 × 1 cm pieces approximately 
1–1.5  mm in thickness). The thawed strips are 

quilted together into a single graft with a 9-0 
nylon sutures in vitro before the patient was anes-
thetized (. Figs. 7.5 and 7.6). All procedures were 
performed with minilaparotomy and an operat-
ing microscope. Meticulous micro-bipolar cau-
tery with pulsatile heparinized saline irrigation 
and multiple micro-pressure interrupted stitches 
of 9-0 nylon are used to minimize the formation 
of micro-hematomas under the graft. Constant 
pulsatile irrigation is used to prevent adhesions, 
and all transplants are performed in an orthotopic 
location on the denuded ovarian medulla of the 
remaining intact ovary in order to facilitate unas-
sisted  conception.

       . Fig. 7.2 Thin slices of ovarian cortical tissue preserve 
the resting follicle pool

       . Fig. 7.3 A thin (1.5 mm) slice of ovarian cortex

       . Fig. 7.4 Histology of 
thinly sliced ovarian cortex 
containing primordial 
follicles
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7.2.3  Reproductive Outcomes

The return of FSH levels to near normal at 
4–5 months following cryopreserved ovarian tis-
sue transplantation indicates that this is the period 
of time required for the recruitment of primordial 
follicles to develop the antral and ovulatory stage 
(. Fig.  7.7). The concomitant rise of AMH fol-
lowed by a drop to very low levels suggests a mas-
sive over- recruitment of follicles and subsequent 
oocyte depletion [33] that has been attributed to 
reduced cortical tissue pressure after the trans-
plant.  Interestingly, the ovarian transplant contin-
ues to function for 4–8  years despite the low 
AMH, presumptively due to a decreased rate of 
primordial follicle recruitment in the presence of 
diminished ovarian reserve [34–37]. In a series of 
13 women undergoing orthotopic cryopreserved 

ovarian cortical transplantation, 10 women have 
conceived unassisted, with a total of 13 live births 
[38]. The role of assisted reproductive technology 
is limited in this setting given the known dimin-
ished ovarian reserve. Cortical graft lifespan 
ranged between 4 and 8 years, and additional cor-
tical slices remain frozen should additional trans-
plant be desired.

7.2.4  Risk of Reseeding Malignancy

A carefully guarded clinical decision is neces-
sary before transplanting the ovarian tissue 
back to cancer patients. Nonetheless, for 
patients in whom there is no significant risk of 
ovarian metastasis, ovary tissue transplant may 
remain a favorable option. In all cases, patholo-

       . Fig. 7.5 Tissue quilting 
of ovarian cortical slices 
in vitro

       . Fig. 7.6 Surgical 
transplantation of quilted 
ovarian cortical slices 
in vivo
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gists and oncologists review samples via histol-
ogy, histochemistry, and/or polymerase chain 
reaction testing [38]. There have now been over 
100 babies born around the world from ovary 
tissue transplantation in cancer survivors, with 
no reports of reseeding malignancy to date 
[26–28, 39].

7.3  Conclusion and Future 
Directions

Fertility preservation remains a paramount con-
cern for young women or prepubertal girls who 
may lose gonadal function as a result of cancer 
treatment [40–43]. Since the initial report by 
Gosden et al. of frozen ovary tissue transplanta-
tion in sheep, and the first reported cases in 
2005 in humans, there has been intense interest in 
utilizing ovarian tissue cryopreservation and 
transplant for fertility preservation in cancer sur-
vivors [1, 2, 6, 13]. Due to the myriad medical and 
social parameters that dictate an individual 
patient’s desire to return for utilization of cryopre-
served ovarian tissue [44], long-term follow-up 
data after ovarian tissue transplantation is still 
limited to a few centers.

Although the primary impetus for ovarian tissue 
transplantation has been for fertility preservation 
prior to gonadotropic cancer therapy, it is also pos-
sible that grafts could be used in the future to delay 
menopause [21, 41–43], [45]. This latter application 
of prolonging ovarian  hormonal and reproductive 

function against the natural aging process has even 
been speculated as a possible indication for ovarian 
tissue cryopreservation in healthy young women 
[46–49]. At the time of this publication, however, 
ovarian tissue cryopreservation remains an “experi-
mental” therapy as defined by the American Society 
of Reproductive Medicine [50].

 Review Questions and Answers

 ?  Q1.  Who first reported (and when) 
successful transplantation of frozen 
ovarian tissue in sheep?

 v  A1. Roger Gosden (1994).

 ?  Q2.  Who reported the first successful (fresh 
and frozen) transplantation in humans?

 v  A2.  Jacques Donnez – Frozen, Sherman 
Silber – Fresh

 ?  Q3.  What is the live birth rate after frozen 
ovary tissue transplant in the only 
series in the United States?

 v  A3. 76%

 ?  Q4.  What regulates primordial follicle 
recruitment and fetal oocyte arrest?

 v  A4. Tissue pressure gradient.
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Key Points
 5 Ovarian transposition (OT), or oophoro-

pexy, involves the surgical repositioning 
of the ovary outside of the planned 
radiation field.

 5 OT reduces the rate of radiation expo-
sure to the ovary and may reduce the 
risk of postradiation primary ovarian 
insufficiency (POI), but insufficient data 
exist to recommend OT as a fertility 
preservation measure.

 5 Gonadotropin-releasing hormone 
agonists (GnRHa) administered along-
side chemotherapy can be offered as a 
means of menstrual suppression.

 5 GnRHa may prevent or prolong the onset 
of POI, but GnRHa therapy is not a 
proven method of fertility preservation.

 5 Novel pharmacologic fertility preserva-
tion options target early stages of 
folliculogenesis, prioritizing the mainte-
nance of follicles in a dormant primordial 
state during chemotherapy.

8.1  Introduction

Reproductive-age women with cancer face an 
imminent threat to fertility, and novel tech-
niques offer women hope for future fertility. 
However, proven fertility preservation methods 
such as oocyte and embryo cryopreservation are 
not universally available. These techniques are 
costly, require accessibility to a fertility center, 
may be medically contraindicated, and require a 
brief delay in cancer treatment that may not be 
medically appropriate. In contrast, surgical tech-
niques such as ovarian transposition or medical 
treatments including gonadotropin-releasing 
hormone (GnRH) agonists can be used in paral-
lel with gonadotoxic chemotherapy. These tech-
niques are relatively simple and inexpensive, but 
success rates have limited their clinical applica-
bility. In this chapter, we present up-to-date 
information on these surgical and medical mea-
sures for fertility preservation, as well as addi-
tional surgical and medical options on the 
horizon.

8.2  Ovarian Transposition (OT)

High doses of local pelvic radiation compromise 
ovarian function, with injury more likely to occur 
with advancing patient age. Permanent ovarian 
compromise occurs with radiation doses of 30 Gy 
in women younger than 26 years of age, 20 Gy in 
patients 26–40 years, and 5–6 Gy in patients over 
the age of 40 [1–3]. Radiation doses frequently 
used to treat pelvic malignancies customarily 
exceed these thresholds, rendering reproductive- 
age women vulnerable to permanent ovarian dys-
function. Ovarian transposition, or oophoropexy, 
was thus first described in 1958 to reposition and 
protect ovaries prior to pelvic radiotherapy for 
cervical cancer [4].

8.2.1  Technique

OT can be performed via laparotomy, laparoscopy, 
robot-assisted laparoscopy, and with advanced 
laparoscopic techniques including single- port 
laparoscopy [5–8]. Regardless of the approach, OT 
surgical technique involves incising the utero-
ovarian ligament(s) and peritoneum adjacent to 
the infundibulopelvic ligament(s) to mobilize the 
ovary outside of the radiation field. Fallopian tube 
transection may also be necessary to further 
mobilize the ovary. The ovary can be transposed 
laterally within the pelvis, to the paracolic gutters, 
anterior to the psoas muscle, or to a high antero-
lateral position [9]. The location of transposed 
ovaries is significantly associated with preserva-
tion of ovarian function. A distance of ≥3 cm from 
the border of the intended radiation field is con-
sidered a common goal, and in cases of lateral 
ovarian transposition, a location >1.5  cm above 
the iliac crest is the only independent factor pre-
dicting post-treatment ovarian function [10, 11]. 
Clips may be placed on the transposed ovary to 
allow identification in future imaging studies [12].

Laparoscopic modifications have been 
described in both adults and children whereby the 
ovary is temporarily affixed to the anterior 
abdominal wall using a nonabsorbable suture 
through a small abdominal incision [13, 14]. 
Following completion of radiotherapy, the suture 
can be cut and the ovary easily returned to its pel-
vic location. It is not known whether returning 
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the ovary to the pelvis impacts future fertility, but 
the majority of pregnancies achieved following 
ovarian transposition have occurred without sur-
gical repositioning [15].

Surgical complications following OT are 
uncommon but include bleeding, ischemia, post-
operative pelvic discomfort requiring procedure 
reversal, and ovarian torsion [16, 17]. While rare, 
metastasis to the ovary or to the abdominal wall at 
the site of laparoscopic trocar insertion have been 
described [18, 19]. Injury or early ischemia to the 
ovary could occur due to surgical technique. Care 
must be taken to limit the use of electrocoagula-
tion and to avoid twisting or undue stretch on the 
ovarian pedicle during laparoscopic transposi-
tion. To avoid impaired ovarian blood supply and 
unintended ischemia, Arian et al. describe a tech-
nique in which the ovary is laparoscopically tun-
neled through the peritoneum to maintain the 
retroperitoneal location of the ovarian vessels and 
avoid alterations in blood flow [20]. One study 
reported that 57% of patients experienced ovarian 
failure when the ovary was transposed >3  cm 
above the umbilical line, suggesting a careful bal-
ance between the benefit of OT and the risk of 
insufficient vascularization and injury to ovarian 
vessels [9].

8.2.2  Candidates

While initially performed in the 1950s in combi-
nation with radical pelvic surgery for the treat-
ment of cervical cancer in reproductive-age 
women, OT is now available to children, adoles-
cents, and reproductive-age women with a vari-
ety of malignancies requiring pelvic radiotherapy 
[4, 13, 21, 22]. Cervical cancer is the fourth most 
common cancer in women worldwide, affecting 
women at a significantly younger age than  
most malignancies [23]. Treatment of cervical 
cancer often involves external beam radiation 
therapy (EBRT) or internal radiation therapy 
(Brachytherapy), with commonly achieved doses 
exceeding 80 Gy [24]. Two-thirds of all OT pro-
cedures are performed for cervical malignancy, 
and fertility preservation has become even more 
relevant in this population as the annual number 
of cervical cancer-related deaths continues to 
decline [25, 26].

Concerning trends have been identified in 
colorectal cancer, where incidence rates increased 
by 1–2.4% annually since the mid-1980s in adults 
aged 20–39  years [27]. Colorectal cancer treat-
ment may require EBRT or brachytherapy at dos-
ages of 45–50 Gy over 5–6 weeks, a regimen that 
would result in ovarian failure in addition to sig-
nificant uterine damage [28]. OT has been shown 
to reduce the radiation dose to approximately 
5–10% of the dose of nontransposed ovaries [29].

Women with Hodgkin’s lymphoma may 
require pelvic node irradiation, with doses often 
leading to ovarian insufficiency; oophoropexy has 
thus been applied in this population with mixed 
results [21, 30]. OT has also been described for 
other pelvic malignancies requiring radiotherapy, 
including vaginal cancers, pelvic sarcomas, or 
tumors of the central nervous system (CNS)  
[31–33].

Within the pediatric population, OT repre-
sents one of the few available options for fertility 
preservation. De Lambert et al. describe 16 pre-
pubertal patients who underwent temporary OT, 
by laparotomy or laparoscopy, prior to brachy-
therapy. Children’s age ranged from 2 to 9 years 
old, with a median age of 3  years; the children 
tolerated the procedure well, and fallopian tube 
integrity was maintained in all children, but the 
long-term impact on ovarian function remains 
unknown [13]. The most common indications for 
OT among children are rhabdomyosarcomas 
(bladder, vagina, uterus) or soft tissue or pelvic 
bone sarcomas such as Ewing’s sarcoma [34, 35]. 
Additional indications include high-risk neuro-
blastomas and Hodgkin’s lymphoma, but fortu-
nately, for patients with Hodgkin’s lymphoma, 
radiation to the initially involved region has gen-
erally replaced large nodal irradiation [36, 37].

Selecting appropriate candidates for OT can 
be challenging. From an oncologic standpoint, the 
procedure is generally limited to young patients 
(<40  years) with early-staged, small, operable 
tumors requiring adjuvant radiotherapy [38]. 
Those with locally advanced disease or poor prog-
noses are considered poor candidates. While the 
goal of OT is to preserve ovarian endocrine func-
tion and reproductive potential, success rates for 
both are inconsistent. The procedure is not with-
out surgical morbidity (as described above) as 
well as the possibility of unintended consequences 
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further compromising fertility. The OT surgical 
technique may require that the fallopian tube be 
cut or damaged to allow sufficient mobilization of 
the ovary; in these cases, patients must be coun-
seled that in vitro fertilization (IVF) may be nec-
essary to achieve future pregnancy.

8.2.3  Ovarian Function and Fertility 
Following OT

Studies investigating the impact of OT prior to 
radiation therapy have produced mixed results. 
OT has been shown to reduce the rate of radiation 
exposure to the ovary from 50% to 90%, but avail-
able studies are heterogeneous regarding patient 
characteristics, diagnosis, and surgical approach 
[3, 5, 14, 18, 31, 32, 39]. Morice et al. describe 24 
patients who underwent OT prior to radiotherapy 
for pelvic malignancies; approximately 80% main-
tained ovarian function [40]. In another report, 
23 patients underwent laparoscopic OT for cervi-
cal cancer (n = 15), rectal cancer (n = 4), Ewing 
Sarcoma (n = 3), or Hodgkin lymphoma (n = 1) 
and 65% maintained their ovarian function; how-
ever, the authors defined ovarian function as 
follicle- stimulating hormone (FSH) levels 
≤25 IU/L, levels far exceeding “normal” in young 
healthy women [5]. Clough et  al. evaluated 20 
women who underwent laparoscopic OT for cer-
vical cancer, CNS tumor, and Hodgkin lymphoma 
whose ovaries had received a mean 1.55  Gy; no 
patients in this group experienced primary ovar-
ian insufficiency (POI) [41].

Among 122 women who underwent OT, 21% 
subsequently received radiation therapy and 50% 
of these women experienced early menopause fol-
lowing radiotherapy (RR 17.3; 95% CI 5.3–56.1) 
[18]. Salih et al. describe 16 patients who under-
went OT prior to pelvic radiation; 94% main-
tained regular menstrual cycles 3  years after 
OT.  These studies used follicle-stimulating hor-
mone (FSH) and resumption of menses as mark-
ers for ovarian function, but more accurate 
markers are now clinically available. Anti- 
mullerian hormone (AMH), released by the gran-
ulosa cells of growing follicles, is now the best 
available measure of ovarian reserve and corre-
lates with age at natural menopause [42, 43]. 
Future studies are needed to assess AMH follow-
ing OT. However, menstrual function and serum 
markers cannot be extrapolated to assume normal 

reproductive potential. While OT can be used as a 
means to preserve menstrual function, providers 
should be cautious when recommending OT for 
fertility preservation.

Few reports describe pregnancy outcomes 
following OT. In a study of 37 women (mean age 
20.7  ±  5.7  years) who underwent OT prior to 
pelvic radiation, success rates varied by tumor 
type and location [15]. Fifteen percent became 
pregnant after brachytherapy with or without 
external radiation for vaginal or cervical clear 
cell carcinoma, and 80% became pregnant after 
external radiation for dysgerminomas and pelvic 
sarcomas. The variability in success rates was 
likely secondary to the higher dose of radiation 
required in clear-cell carcinomas, leading to 
greater ovarian radiation exposure despite trans-
position, as well as higher degrees of uterine 
radiation. Interestingly, the majority of these 
pregnancies were achieved without reposition-
ing the ovaries following OT although 17% 
required IVF.

Among women receiving pelvic radiotherapy 
for vaginal, cervical, and colorectal cancer, the 
uterus will be contained within the radiation field. 
Direct uterine radiation lowers fecundity and 
increases the risk of adverse pregnancy outcomes 
[44]. Among female adult survivors of childhood 
cancers, radiation-induced uterine damage 
accounts for the majority of poor obstetrical out-
comes including miscarriages, stillbirths, intrauter-
ine fetal growth restriction, pre-eclampsia, 
abnormal placentation, and preterm delivery [45]. 
While pregnancy may be possible and has been 
described after high-dose direct uterine radiation, 
patients should be counseled that pregnancy fol-
lowing significant uterine radiation may require the 
use of a gestational carrier (GC) [28]. Ribeiro et al. 
describe a novel uterine transposition technique in 
which the uterus and adnexa are transposed to the 
upper abdomen during pelvic radiotherapy, but 
more work is needed to understand the feasibility, 
safety, and efficacy of this technique [46].

8.2.4  Combining OT with Other 
Fertility Preservation 
Modalities

Understanding that oocyte and embryo cryo-
preservation are established first-line methods of 
fertility preservation, patients who are offered OT 
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should also be counseled toward gamete or 
embryo cryopreservation where possible [47]. If 
possible, OT should be performed after comple-
tion of ovarian stimulation and oocyte retrieval to 
facilitate ease and optimization of transvaginal 
oocyte retrieval. While oocyte or embryo 
 cryopreservation can successfully occur following 
OT, oocyte retrieval requires abdominal retrieval 
which could complicate the procedure and com-
promise oocyte yield [48].

Ovarian tissue cryopreservation, discussed in 
great detail in 7 Chap. 7, can be combined with 
ovarian transposition to optimize a patient’s 
future reproductive options [49]. One surgical 
group described a patient with rectal cancer who 
underwent laparoscopic ovarian transposition 
accompanied by ovarian decortication of the con-
tralateral ovary for ovarian tissue freezing [20]. 
While limited data exist, the combination of gam-
ete, embryo, or ovarian tissue cryopreservation 
with OT has the potential to further improve a 
patient’s future reproductive success.

Treatment planning requires thoughtful con-
sideration of the patient’s reproductive goals, 
resources, and time. Selecting the appropriate fer-
tility preservation approach requires multidisci-
plinary planning involving the patient’s medical 
and surgical oncologists, radiation oncologist, 
and reproductive endocrinologist. Prompt refer-
ral to a reproductive endocrinologist upon diag-
nosis can increase the likelihood that patients 
have an opportunity to identify the most appro-
priate approach.

8.3  Pharmacologic Fertility 
Preservation

8.3.1  Background

Among women facing systemic gonadotoxic che-
motherapy, established methods of fertility preser-
vation such as oocyte and embryo cryopreservation 
may not be available to all patients given time, 
access to a reproductive endocrinologist, medical 
contraindications, or financial barriers. The pedi-
atric population is particularly limited by available 
options, as premenarchal females without a func-
tional hypothalamic-pituitary-ovarian axis are not 
candidates for ovarian stimulation with oocyte 
cryopreservation. Ovarian tissue cryopreservation 
(described in detail in 7 Chap. 7) has expanded 

options for young girls, but the technique remains 
experimental, requires multiple surgeries, and 
may not be medically appropriate based on a 
patient’s diagnosis. The possibility of a pharmaco-
logic agent administered alongside gonadotoxic 
chemotherapy is thus particularly attractive.

The promise of pharmacologic fertility preser-
vation has led to decades of research with mixed 
results [50]. In the early 1980s, Glade et  al. pro-
posed the administration of gonadotropin- 
releasing hormone agonists (GnRHa) to preserve 
fertility. GnRHa had previously been administered 
during chemotherapy with the goal of preventing 
heavy menstrual bleeding and anemia, but murine 
models suggested that GnRHa protected male 
mice from cyclophosphamide- induced damage 
[51]. Subsequent work in female rats suggested 
that GnRHa attenuated chemotherapy- induced 
follicular depletion [52]. Investigators hypothe-
sized that GnRHa exerted a protective effect by 
attenuating recruitment of primordial follicles 
into the growing follicle pool, decreasing utero-
ovarian perfusion, resulting in lower cumulative 
exposure to gonadotoxic chemotherapy and 
decreased follicular apoptosis, or enhancing anti-
apoptotic pathways [52–55].

8.3.2  Clinical Studies 
of Gonadotropin- Releasing 
Hormone Agonists

Based on early data showing possible efficacy in 
mice, the agents were introduced into clinical 
practice. In a small trial of women with Hodgkin’s 
disease treated with the GnRHa Buserelin, 3-year 
follow-up showed failure to protect ovarian 
function or fertility [56]. In contrast, a larger 
prospective trial of 60 women exposed to che-
motherapeutic agents for lymphoma (n  =  40), 
leukemia (n  =  10), and benign conditions 
(n  =  10), and co-treated with GnRHa, showed 
that GnRHa preserved spontaneous ovulation 
and menses in a majority of treated women [57]. 
Another study randomized lymphoma patients 
to treatment with GnRHa with norethisterone or 
norethisterone alone alongside alkylating agents. 
AMH levels were significantly higher in the 
GnRHa group compared to control (1.4 ± 0.4 vs. 
0.5 ± 0.2  ng/mL, p  =  0.04), but there was no 
decreased risk of primary ovarian insufficiency 
(POI) following GnRHa treatment [58].
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The use of GnRHa use has been widely stud-
ied and disputed in the treatment of breast cancer. 
In a small RCT of patients exposed to chemo-
therapy for breast cancer, women co-treated with 
GnRHa more likely had resumption of menses 
and had lower median FSH levels 6 months post-
treatment [59]. In an RCT of 124 premenopausal 
breast cancer patients (<44  years) treated with 
chemotherapy with or without the GnRHa 
Triptorelin, post-treatment amenorrhea rates 
were comparable between treated and untreated 
groups [60]. In contrast, a multicenter RCT dem-
onstrated that Triptorelin-induced ovarian sup-
pression during chemotherapy in premenopausal 
women with early-stage breast cancer decreased 
the likelihood of POI with an odds ratio of 0.28 
(95% CI 0.14–0.59; p  <  0. 001) [61]. In another 
large multicenter RCT, the 5-year estimate of 
menstrual resumption was 72.6% among the 
GnRHa group compared to 64% among the 
 control group (age-adjusted HR, 1.48 [95% CI, 
1.12–1.95], p = 0. 006) [62]. In this study, there 
was no significant difference in pregnancy rate.

The Prevention of Early Menopause Study 
(POEMS) was an RCT randomizing 218 patients 
to chemotherapy with or without goserelin, with a 
primary endpoint of ovarian failure rate at 2 years 
[63]. The ovarian failure rate was 8% in the gose-
relin group and 22% in the chemotherapy-alone 
group (OR 0.30; 95% CI 0.09–0.97, p  =  0.04). 
Pregnancy occurred in more women in the gose-
relin group compared to chemotherapy-alone 
(21% vs. 11%, p = 0.03), and notably women in 
the goserelin group had improved disease-free 
survival (p = 0.04).

The OPTION trial similarly assessed GnRHa 
for protection against ovarian toxicity during 
chemotherapy [64]. Two hundred twenty-seven 
patients were randomized to receive goserelin or 
placebo with chemotherapy. Goserelin reduced 
the risk of POI in women <40 years but with no 
efficacy in women >40 years; levels of the ovarian 
reserve marker anti-mullerian hormone (AMH) 
fell markedly and equally in both groups. The 
group cautioned providers regarding the limited 
degree of ovarian protection and unknown sig-
nificance for fertility and long-term ovarian 
function.

A number of systematic reviews and meta- 
analyses have been published in an attempt to 
consolidate the large quantity of available data. In 
one such meta-analysis including data from 7 

clinical trials and 1047 randomized patients, the 
use of GnRHa was associated with a higher rate of 
recovery of menses after at least 12 months (OR 
1.85, 95% CI 1.33–2.59; p < 0.001). GnRHa were 
associated with more pregnancies (OR 1.85; 95% 
CI, 1.02–3.36, p  =  0.04), but pregnancy was not 
the primary outcome in any of the trials, and this 
should thus be interpreted with caution [65]. 
Others concluded that GnRHa conferred no ben-
efit to women with breast cancer [66]. A system-
atic review performed from 1960 to 2017 assessed 
29 RCTs with ten meeting criteria for inclusion; 
the meta-analysis concluded that GnRHa may 
have a protective effect against the development 
of POI with an unclear duration of benefit [67]. 
Importantly, most studies focus on menstrual 
function as the primary endpoint rather than fer-
tility. Resumption of menses is a poor proxy for 
reproductive potential. Some studies assessed 
hormonal levels in an attempt to assess ovarian 
reserve and function, but testing was at times per-
formed at random, or “normal” ovarian function 
was defined as serum FSH levels up to 24 pg/mL 
or even 40 pg/mL. As pregnancy is the only way to 
adequately assess the impact of GnRHa on fertil-
ity, studies are needed to assess long-term fertility 
outcomes following GnRHa treatment.

8.3.3  Preclinical Studies 
of Gonadotropin- Releasing 
Hormone Agonists

Inconsistent results from clinical trials of GnRHa 
have led to a reemergence of investigation into the 
molecular mechanism. Using a murine model, 
Horicks et al. showed that cyclophosphamide, the 
alkylating chemotherapy agent considered most 
gonadotoxic, induces follicle loss of >50% even in 
the absence of FSH, suggesting that inhibition of 
the pituitary-ovarian axis is not one of the mecha-
nisms of ovarian protection during GnRH agonist 
treatment [68]. The same group evaluated the effi-
cacy of GnRHa in a mouse model of 
cyclophosphamide- induced follicular depletion; 
they found that GnRHa disrupted estrus cyclicity 
but failed to inhibit follicular recruitment and did 
not prevent cyclophosphamide-induced follicular 
damage [69]. Hasky et al. studied ovarian reserve 
in mice following treatment with GnRHa with 
various chemotherapy regimens; the authors 
found that co-treatment with GnRHa during 
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cyclophosphamide therapy attenuated the 
decrease in AMH, and GnRHa attenuated 
doxorubicin- induced vascular injury as demon-
strated by decreased VEGF [70].

In a translational study using ex  vivo and 
in  vitro models of human ovary and granulosa 
cells, ovarian cortex and granulosa cells were 
treated with chemotherapy with and without the 
GnRHa leuprolide acetate [71]. GnRHa failed to 
activate antiapoptotic pathways, and importantly 
the agents failed to prevent follicle loss, DNA 
damage, or apoptosis. Preclinical and in  vitro 
data, much like the previously described clinical 
data, has resulted in an abundance of conflicting 
results.

8.3.4  Summary of GnRHa Data

Proposed molecular mechanisms for GnRHa- 
induced ovarian protection remain unproven, 
and preclinical and clinical studies of GnRHa 
have shown inconsistent results.

Due to unclear benefit, the American Society 
of Clinical Oncology (ASCO) issued a statement 
that GnRHa is not an effective method of fertility 
preservation [72]. They suggest that patients can 
consider GnRHa for menstrual suppression dur-
ing chemotherapy or as an unproven option 
where other fertility preservation options are not 
available.

GnRHa treatment is often accompanied by 
side effects including vasomotor symptoms and 
bone loss, and thus the potential benefits must be 
weighed against risks. The decision to treat with 
GnRHa during chemotherapy requires thoughtful 
discussion between the patient, oncologist, and 
reproductive endocrinologist.

8.3.5  Novel Pharmacologic 
Approaches to Fertility 
Preservation

Ovarian physiology explains the mixed results 
seen with both GnRHa as fertility preservation 
agents, and an improved understanding of the 
molecular mechanisms underlying folliculogene-
sis and chemotherapy-induced gonadotoxicity 
has led to promising targeted therapies in pre-
clinical studies. Chemotherapy targets rapidly 
dividing cells including the growing follicles of 

the ovary. Growing follicles make up a very small 
fraction of the follicle pool, with primordial folli-
cles comprising a majority of the ovarian reserve. 
Primordial follicles lie dormant and until recruit-
ment remain relatively protected from the antimi-
totic and genotoxic effects of chemotherapy. Thus, 
any intervention designed to protect only growing 
follicles, such as GnRHa, does not protect the 
bulk of the ovarian reserve.

Anti-mullerian hormone (AMH), produced 
by the granulosa cells of growing follicles, is a key 
negative regulator of primordial follicle activa-
tion. In a murine study of supraphysiological 
doses of AMH, AMH resulted in arrest of follicu-
logenesis, and co-administration with cyclophos-
phamide, doxorubicin, or carboplatin significantly 
protected murine ovarian reserve [73].

The PI3K/AKT/mTOR pathway is now known 
to be critically important to the recruitment and 
activation of primordial follicles. Kalish- 
Philosoph et al. demonstrated in a murine model 
that cyclophosphamide induces upregulation of 
this pathway, leading to activation of the quies-
cent primordial follicle pool. They observed that 
follicular burnout, rather than apoptosis, was 
responsible for the massive loss of primordial fol-
licles and that administration of the immuno-
modulator AS101 attenuated primordial follicle 
activation [74]. Di Emidio et al. similarly demon-
strated that AS101 protects murine ovarian 
reserve, further proposing that the agent may be 
acting upstream to the PI3K/AKT pathway [75].

Understanding the critical impact of the PI3K/
AKT/mTOR pathway on primordial folliculogen-
esis, our group evaluated the role of mTOR inhib-
itors as a pharmacologic fertoprotective agent 
[76]. Mice were treated with cyclophosphamide 
alongside the mTOR1 inhibitor everolimus 
(RAD001) or dual mTOR1/2 inhibitor INK128 
(MLN0128). Co-treatment with mTOR inhibitors 
downregulated the PI3K/AKT/mTOR pathway, 
thus preventing follicular burnout and resulting 
in maintenance of the primordial follicle pool, 
normal AMH levels, and importantly normal fer-
tility. Everolimus is FDA approved and used for a 
number of conditions including in the treatment 
of certain malignancies, thus representing a clini-
cally available fertility preservation option with 
possible antitumor activity. More work is needed 
to translate this work from animals to humans.

The chemotherapeutic agent cisplatin has  
also been shown in a murine model to induce 
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overactivation of the primordial follicle pool 
through the PTEN/AKT pathway; loss of PTEN 
suppression leads to upregulation of the key mol-
ecules in the pathway and thus primordial follicle 
depletion [77]. Jang et al. observed that the mela-
tonin and to a greater extent melatonin combined 
with ghrelin decreased cisplatin-mediated PTEN 
inhibition thus preserving ovarian reserve in mice 
[78, 79].

The c-Abl-Tap63 pathway is activated by 
DNA-damaging agents such as cisplatin, leading 
to Tap63 accumulation and cell death. Gonfloni 
et al. showed that the c-Abl kinase inhibitor ima-
tinitib counteracts these cisplatin-induced effects 
in human cell lines and mouse oocytes, thus pre-
venting chemotherapy-induced cell death [80]. 
The mechanism was further investigated by Kim 
et al. who found that imatinib inhibits cisplatin- 
induced nuclear accumulation of c-Abl/Tap73 
and thus inhibits oocyte apoptosis within pri-
mordial follicles [81]. Kerr et al. since published 
that imatinib did not protect primordial follicles 
from cisplatin-induced apoptosis or protect fer-
tility, suggesting that more work is needed in this 
area [82].

Using an inhibitor of checkpoint kinase 2 
(CHK2) to inhibit a key element of the oocyte 
DNA damage checkpoint response, investiga-
tors preserved ovarian function and normal fer-
tility among mice exposed to sterilizing doses of 
radiation [83].

8.3.6  Summary of Medical Options

The most compelling benefit of GnRHa alongside 
chemotherapy is menstrual suppression, particu-
larly in patients at risk for thrombocytopenia 
and/or anemia. GnRHa may preserve ovarian 
hormonal function and decrease the risk of POI 
in young women treated with chemotherapy, but 
the duration of benefit remains unclear and 
oocyte quality and quantity are likely still 
impaired. Data are insufficient to recommend 
GnRHa for the preservation of fertility. Patients 
should be carefully counseled that GnRHa should 
not be relied upon to preserve fertility but can be 
considered alongside established fertility preser-
vation methods.

Novel pharmacologic approaches aim to pre-
vent primordial follicle activation during chemo-
therapy. Agents such as mTOR inhibitors, AS101, 

and AMH show great promise in animal models, 
but more work is needed to translate this work to 
humans. The continued discovery of molecular 
mechanisms responsible for chemotherapy- 
induced ovarian injury will open doors to future 
targeted therapies.

8.4  Conclusions

Surgical and pharmacological approaches to 
fertility preservation continue to evolve. Success 
rates of OT are variable and depend on the 
patient’s age, diagnosis, and treatment regimen. 
The practice requires thoughtful counseling but 
may be an acceptable option for appropriately 
selected patients. The use of GnRHa for medical 
suppression remains controversial. The benefit 
may be limited to menstrual suppression, with a 
possible benefit in the reduction of POI; how-
ever, data are inconclusive to recommend these 
agents to preserve fertility. Novel pharmaco-
logic approaches target the molecular mecha-
nisms underlying ovarian folliculogenesis to 
maintain primordial follicle quiescence. Future 
studies are needed to translate this work in 
humans. There exists an urgent need to identify 
personalized fertility preservation approaches 
based on a patient’s unique diagnosis and treat-
ment regimen, and multidisciplinary efforts will 
be required to ensure that all fertility preserva-
tion candidates achieve their reproductive 
goals.
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 Review Questions and Answers

 ?  Q1.  Ovarian transposition was first 
introduced to preserve fertility in 
patients with the following 
malignancy

 (a) Hodgkin’s disease
 (b) Cervical cancer
 (c) Colorectal cancer
 (d) Uterine cancer

 v  A1. (b)
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 ?  Q2.  Following OT, ovaries must be 
repositioned to the pelvis for 
pregnancy to occur.

 (a) True
 (b) False

 v  A2. (b)

 ?  Q3.  In univariate analysis of factors 
associated with normal ovarian 
function following OT, the following 
variable was the only independent 
predictor of intact ovarian function:

 (a) Age <40 years
 (b) BMI <25
 (c) Radiation dose <5040 cGy
 (d) Location of transposed ovary 

higher than 1.5 cm above the iliac 
crest

 v  A3. (d)

 ?  Q4.  Gonadotropin-releasing hormone 
agonists (GnRHa) administered 
alongside chemotherapy have 
definitively been shown to:

 (a) Reduce the quantity of menstrual 
bleeding

 (b) Preserve ovarian function
 (c) Preserve fertility

 v  A4. (a)

 ?  Q5.  Novel pharmacologic fertility 
preservation approaches should 
ensure preservation of the following 
follicle type:

 (a) Primordial
 (b) Primary
 (c) Secondary
 (d) Antral

 v  A5. (a)
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Key Points
 5 Preservation of fertility post cancer-

directed therapy is important to survivors 
of pediatric and adolescent cancer.

 5 Exposure to high doses of alkylating 
agents and radiation pose risks to 
fertility in pediatric and adolescent 
cancer survivors.

 5 Only experimental options for fertility 
preservation exist for prepubertal 
children diagnosed with cancer.

9.1  Introduction

Maintaining the ability to have biological children 
has been identified as an important component to 
postcancer quality of life in survivors [32, 56]. 
Achieving this in younger cancer patients has 
become more feasible secondary to improvements 
in reproductive technology [24]. Healthcare pro-
viders are now increasingly called upon to be 
familiar with the indications and options for fer-
tility preservation in female pediatric and adoles-
cent cancer patients [17]. Type of cancer, age, 
pubertal development, the severity of illness at the 
time of diagnosis, and type of treatment all impact 
decision making related to pursuing fertility pres-
ervation [1]. Patients at highest risk of gonadal 
toxicity include those receiving high-dose alkylat-
ing agents particularly procarbazine and pelvic 
radiation which leads to depletion of ovarian 
reserve [19, 38]. Radiation to the brain may inter-
fere with the hypothalamic-pituitary-gonadal axis 
impairing the ability of the ovaries to function 
correctly [20]. Cancer-directed therapies that 
involve surgical resection of reproductive struc-
tures have clear implications for later fertility [37]. 
This chapter will give an overview of current 
options for fertility preservation for female pedi-
atric and adolescent cancer patients.

9.2  Protection of Ovarian Function

9.2.1  Ovarian Transposition

Ovarian transposition, also known as oophoro-
pexy, involves surgically relocating the ovaries 

out of the field of radiation. By decreasing expo-
sure to radiation, transposition can reduce the 
incidence of premature ovarian failure [64]. 
Rhabdomyosarcoma of the bladder, vagina, or 
uterus or soft tissue or pelvic bone sarcomas, 
such as Ewing’s sarcoma, are the main diagnostic 
indications for ovarian transposition in children. 
The procedure can be done laparoscopically or 
with concomitant laparotomy. The optimal tim-
ing is just prior to radiation therapy, as the ova-
ries can migrate back to the pelvis. If placed 
correctly, radiation exposure can be reduced by 
90–95%. However, patients need to be made 
aware that due to radiation scatter, ovaries are 
not always protected, and this technique is not 
always successful. Results are dependent on 
other variables such as the age of the patient, 
dose of radiation, degree of scatter, whether ova-
ries were shielded, and if gonadotoxic chemo-
therapy was also used [30]. A review of the 
literature previously identified preservation of 
ovarian function in 88.6% of cancer patients 
under the age of 40 who underwent laparoscopic 
ovarian transposition [10].

An additional procedure to reverse the trans-
position may be necessary to facilitate either 
spontaneous pregnancy or assisted reproduction 
if the ovary is not in close proximity to the fallo-
pian tube [43]. Alternatively, transabdominal 
monitoring and harvesting of oocytes during 
assisted reproduction may be utilized. 
Transabdominal harvesting may result in fewer 
oocytes obtained compared to the use of trans-
vaginal ultrasound but equal efficacy in terms of 
fertilization rates, embryo number and quality, 
and pregnancy rates [6]. Although ovarian trans-
position is generally well tolerated, potential side 
effects include pelvic pain, necrosis, and ovarian 
torsion [26]. While few long-term results in adults 
are available, transposition has been reported to 
be effective at maintaining endocrine function. 
The American Society of Clinical Oncology 
(ASCO) 2013 Guidelines for adults recommend 
discussing the option of ovarian transposition 
when pelvic radiation therapy is performed as 
cancer treatment [39]. For children, ASCO rec-
ommends providing information on methods 
that are investigational, and some would recom-
mend ovarian transposition be discussed at a 
multidisciplinary meeting at the time of cancer 
diagnosis [30].
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9.2.2  Ovarian Suppression

Strategies to protect the ovaries during chemo-
therapy include the use of gonadotropin-releasing 
hormone (GnRH) analogues in postpubertal 
females. Though widely studied, the efficacy of 
this approach has been conflicting. ASCO, the 
American Society for Reproductive Medicine 
(ASRM), and the European Society for Medical 
Oncology (ESMO) all have found in their most 
recent policy position papers that there is insuffi-
cient evidence to support GnRH analogs as a 
means to preserve fertility [39, 45, 48]. However, 
after the publication of these guidelines, a retro-
spective review found that in a cohort of patients 
with a mean age of 25  years vs. 28  years in the 
treated vs. untreated group, respectively, retention 
of cyclic ovarian function and pregnancy rates 
were significantly higher in the treated group 
[11]. Following the publication of these guide-
lines, the use of goserelin for ovarian suppression 
during chemotherapy for breast cancer appeared 
to protect against ovarian failure, reduce the risk 
of early menopause, and improve prospects for 
fertility [42]. Well-designed studies in the adoles-
cent population across a variety of diagnoses and 
exposures remain necessary to ascertain the effec-
tiveness of this strategy in this population, as data 
in adult populations with smaller ovarian reserve 
may not be generalizable.

9.3  Assisted Reproductive 
Endocrinology

9.3.1  Embryo and Oocyte 
Cryopreservation

Embryo and oocyte cryopreservation are con-
sidered the standard of care fertility preserva-
tion options in postpubertal patients at risk of 
ovarian failure [39]. Oocyte cryopreservation 
was designated nonexperimental by ASRM in 
2012 [50]. Both embryo and oocyte cryopreser-
vation require controlled ovarian stimulation 
(COS) with daily injectable gonadotropins, 
 traditionally beginning on the third day of the 
menstrual cycle and continuing daily for 
10–12  days on average. The potential risks of 
COS include mild to severe ovarian hyperstimu-
lation syndrome or intra- abdominal bleeding. 
It  is estimated that severe hyperstimulation 

 syndrome will occur in 0.4–2.0% of women dur-
ing ovarian stimulation [47]. Ovulation is trig-
gered by a single dose of human chorionic 
gonadotropin, and transvaginal oocyte retrieval 
is performed 34–36  h later under sedation. 
Newer, more flexible protocols have been devel-
oped where ovarian stimulation is not depen-
dent on the timing of the menstrual cycle, 
resulting in fewer delays and shorter time to 
treatment initiation [13, 33, 46, 61]. The number 
of total and mature oocytes retrieved, oocyte 
maturity rate, mature oocyte yield, and fertiliza-
tion rates have been reported to be similar in 
random and conventional-start COS cycles [13] 
although duration and dose of stimulation may 
be longer with random start protocols [46].

In those who can delay the start of treatment, 
oocyte cryopreservation may be preferred by 
younger pubertal patients, patients without part-
ners, those who do not wish to use donor sperm, 
and/or those who have religious or ethical objec-
tions to embryo freezing [3, 44]. For those indi-
viduals who do wish to preserve embryos, 
harvested oocytes are fertilized in  vitro either 
with partner or donor sperm and then cryopre-
served. Intracytoplasmic sperm injection (ICSI) 
may be recommended to offset the risk of fertil-
ization failure.

Embryo cryopreservation has live birth rates 
of 30–40% per embryo transferred in the general 
US population, with only slightly lower rates of 
live births from cryopreserved oocytes [48]. 
Furthermore, there is good evidence that fertiliza-
tion and pregnancy rates are similar to in  vitro 
fertilization/intracytoplasmic sperm injection 
(IVF/ICSI) with fresh oocytes when vitrified/
warmed oocytes are used as part of IVF/ICSI for 
young women [50]. Although data are limited, no 
increase in chromosomal abnormalities, birth 
defects, and developmental deficits has been 
reported in the offspring born from cryopreserved 
oocytes when compared to pregnancies from con-
ventional IVF/ICSI and the general population 
[50]. The efficacy of oocyte cryopreservation con-
tinues to be drawn primarily from the general 
population as the data in cancer patients is lim-
ited. This is likely due to a combination of factors 
including the relatively recent introduction of this 
technique into clinical practice. Ten case reports 
detailing the accounts of 16 live births in young 
adult cancer patients who preserved fertility 
through oocyte cryopreservation have been 
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reported, with the youngest age at the time of 
cryopreservation being 22 [40]. It is anticipated 
that, with additional time, outcomes for this pro-
cedure in the adolescent population will be better 
elucidated.

Despite the technical availability of these pro-
cedures, barriers continue to exist in their practical 
clinical application. Far more medical practitio-
ners believe that pubertal female patients should 
be referred to a fertility specialist at diagnosis than 
those that actually make such a referral [35]. Even 
with random start protocols, the time to complete 
an embryo or oocyte cryopreservation cycle may 
exceed the timeframe that patients and medical 
practitioners are willing to delay the start of ther-
apy [12]. For many patients, the cost of oocyte or 
embryo cryopreservation and future IVF cycle 
may be prohibitive with fees in the USA between 
approximately $7000 and $15,000 for a cycle [29, 
66]. Many insurance companies will not cover the 
cost of fertility preservation procedures as cancer 
patients do not meet the criteria of infertility, i.e., 
they have not been trying to achieve pregnancy for 
more than 1 year [7]. To combat this potential bar-
rier, Connecticut and Rhode Island recently passed 
legislation requiring coverage of fertility preserva-
tion services for patients undergoing medical 
treatment, which may have a deleterious effect on 
the gonads. This mandate only applies to commer-
cial insurance companies; however, as more states 
consider similar legislation, the hope is that 
Medicaid will also reconsider its position [16].

9.3.2  Ovarian Tissue 
Cryopreservation 
and Transplantation

An experimental option that is increasingly being 
performed, ovarian tissue cryopreservation, 
involves surgically removing all or part of the cor-
tex of the ovary. The tissue, which contains thou-
sands of primordial follicles, is cut into strips and 
cryopreserved. As the process does not require 
hormonal stimulation, it is the only fertility pres-
ervation technique involving the gonadal tissue 
that is available to prepubertal girls or pubertal 
girls in whom initiation of treatment cannot be 
delayed [27, 31]. Following completion of treat-
ment, when fertility is desired, the ovarian tissue 
can be thawed and transplanted orthotopically, 
i.e., at the site of the ovaries, or heterotopically, 

i.e., at another location. Once transplanted, the 
follicles within the ovary have the potential to 
mature when appropriately stimulated. At least 86 
live births have been reported utilizing orthotopic 
re-transplantation in individuals who were post-
pubertal at the time of retrieval [31]. No live 
births have been reported in the scientific litera-
ture in individuals who were prepubescent at the 
time of tissue cryopreservation. However, a live 
birth has been reported after autograft of ovarian 
tissue in a patient who had initiated puberty but 
was premenarchal at the time of the cryopreserva-
tion. The patient, who had sickle cell disease, had 
developed primary ovarian failure after a mye-
loablative conditioning regimen as part of hema-
topoietic stem cell transplantation [22].

Re-introduction of malignant cells via auto-
transplantation of the ovarian tissue has been a 
concern with ovarian tissue cryopreservation, 
particularly in those with hematologic malignan-
cies [9, 23]. A recent case report details a success-
ful ovarian tissue autotransplantation of a 
32-year-old sterile AML survivor, who had a tis-
sue harvest performed at the age of 19, prior to 
her hematopoietic stem cell transplantation but 
while in a complete remission of her disease. 
Using a sophisticated approach using next- 
generation sequencing and xenotransplantation 
to confirm that the ovarian tissue did not have any 
evidence of disease, transplantation was per-
formed and a healthy newborn was eventually 
delivered [57]. Work is also being done in patients 
with solid tumors as well. RT-qPCR has been 
described as a highly sensitive assessment of neu-
roblastoma minimal residual disease in cryopre-
served ovarian tissue [28].

While these reports are re-assuring, it must be 
acknowledged that the true risk of re-introducing 
malignant cells is still unknown given how few 
ovarian tissue autotransplants have been under-
taken. Because of its investigational nature, ovar-
ian tissue cryopreservation should be performed 
in centers with clinical expertise under IRB- 
approved protocols that include follow-up for 
recurrent cancer and only in patients at highest 
risk for infertility [39]. Obtaining tissue requires a 
surgical procedure with anesthesia, although ide-
ally this could be coordinated with other proce-
dures required for evaluation or treatment [4]. 
Maturation of immature follicles retrieved from 
the ovarian tissue remains an area of critical 
research. The capacity for in  vitro maturation 
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would negate the need to autotransplant the ovar-
ian tissue in vivo [60] and would prevent the risk 
of reintroducing cancerous cells that may be pres-
ent in transplanted ovarian tissue.

9.4  Assessment of Ovarian Reserve

Discussions about reproduction should continue 
post treatment and during survivorship for all 
patients. Patients who have developed acute ovar-
ian failure following the completion of cancer- 
directed therapy can be identified by lack of entry 
into puberty or sustained amenorrhea and sus-
tained elevations of FSH in the menopausal range 
in pubertal patients. These patients should be 
referred to an endocrinologist for consideration of 
hormone replacement. Some patients may also 
retain ovarian function post treatment but enter 
menopause earlier than anticipated. Menopause 
occurring prior to age 40 is referred to as prema-
ture menopause (PM). Assessments from the COG 
Childhood Cancer Survivor Study and St. Jude 
Lifetime Cohort Study found PM prevalence rates 
of 9.1% and 10.9%, respectively, in survivors of 
pediatric and adolescent cancer [18, 38]. The most 
significant risk factors for developing PM were 
patients who received high-dose alkylating agents, 
particularly procarbazine, stem cell transplanta-
tion, and ovarian radiotherapy at any dose [38].

The Children’s Oncology Group (COG) cur-
rently recommends screening patients exposed to 
gonadotoxic therapy for Tanner stage and puber-
tal, menstrual, and pregnancy history. Current 
guidelines recommend screening follicle- 
stimulating hormone (FSH), luteinizing hormone 
(LH), and estradiol levels beginning at age 13 
[41]; however, these measures are very inexact 
and are likely to become abnormal only once the 
ovarian reserve is significantly compromised. 
Early follicular phase FSH, anti-Mullerian hor-
mone (AMH) (a product of antral follicles), and 
ultrasound assessments of antral follicle count are 
utilized in the reproductive endocrinology com-
munity to evaluate fertility and potential response 
to fertility interventions and show promise as bet-
ter surrogate measures of the remaining ovarian 
reserve [49]. Refining this estimate is crucial to 
allowing more accurate counseling of pediatric 
and adolescent cancer survivors about their 
reproductive options post therapy.

9.5  Reproductive Options  
Post Therapy

9.5.1  Donor Oocytes and Embryos

Patients who experience ovarian failure may con-
sider options such as utilization of donor oocytes 
or embryos if their uterus has not been impaired 
by cancer-directed therapy such as radiation. 
Oocytes from another woman (either a known or 
anonymous donor) may be fertilized with the 
patient’s partner’s sperm or with donor sperm and 
placed in the patient’s uterus. The oocyte donor 
receives the same ovarian stimulation regimen 
used during an IVF cycle. The recipient receives 
hormonal medication to modify her cycle in 
preparation for the embryo transfer. If pregnancy 
is achieved, hormonal treatment continues 
through at least the 12th week of pregnancy. The 
use of donated embryos may also be considered in 
couples with infertility affecting both partners, 
infertility in a single woman, or couples with 
genetic disorders. IVF cycles may result in unused 
embryos that may be destroyed, donated to 
research, or donated to another woman to achieve 
pregnancy. Recipients need to be counseled and 
informed of the complexities involved in potential 
relationships between donors and recipients and 
individual state laws regarding parentage during 
pregnancy and after birth [25]. Rates of success 
are dependent on the age of the donor woman, 
quality of embryos, and the number of embryos 
transferred.

9.5.2  Fertility Preservation  
Post Therapy

For patients at risk of premature menopause, it 
is important to conduct conversations regarding 
their plan for starting a family. While it remains 
virtually impossible to determine the remaining 
reproductive window for a given individual, 
cryopreserving oocytes or embryos post com-
pletion of therapy may be of interest to individ-
uals who are not certain when they might want 
to start a family. Recent evidence also suggests 
that even individuals with evidence of prema-
ture menopause can achieve pregnancies with 
the use of assisted reproduction such as IVF/
ICSI [5].
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9.5.3  Gestational Carrier

A gestational carrier or gestational surrogate is an 
arrangement between a woman who carries and 
delivers a baby for another person that is the 
intended parent. This option may be considered 
by a woman who does not have a uterus, has uter-
ine damage or scarring, or has a condition that 
prevents her from carrying a pregnancy to term. 
This option involves an IVF cycle with embryos 
made from donors or the intended parent and not 
the gestational carrier. Medical and psychological 
screening is required for gestational carriers. 
Intended parents have genetic, medical, and psy-
chological evaluations. Intended parents need to 
obtain legal counsel regarding state laws and ges-
tational carrier contracts [2].

9.5.4  Adoption

Patients not able to have biologic children may 
consider adoption as a means of family building. 
Cancer survivors may face more challenges such as 
additional medical documentation of their health 
status and a required 5-year off treatment waiting 
period [54]. Individuals and couples would need 
to explore the various scenarios surrounding 
adoption such as domestic or international ori-
gins, open or closed adoption, and comfort level 
accepting an infant or older child, siblings, or 
medically fragile children. Many agencies and 
individual countries have age, income, and marital 
status requirements. Birth mothers choosing 
adoptive parents may have ethnic and/or religious 
preferences. Adoption agencies and lawyers guide 
candidates through the adoption process. 
Adoption is costly with fees ranging from $29,000 
to $49,000 for domestic adoption and $17,000 to 
$28,000 for international adoptions. The Internal 
Revenue Service offers a federal tax credit (maxi-
mum $13,400) for adoptive families. Some states 
may have programs for adoption of children from 
foster care systems that may be less costly.

9.6  Access to Fertility Preservation

First and foremost in ensuring access to fertility 
preservation procedures for pediatric and adoles-
cent cancer patients and their families is establish-
ing notification of risks to fertility and possible 

fertility preservation options as the standard of 
care. Multiple publications have demonstrated that 
this is not currently the case [8, 51, 59]. Despite 
ASCO guidelines advising oncologists to discuss 
fertility risks and preservation strategies and make 
referrals to reproductive endocrinologists, over 
half are not doing so, and only a third have even 
reviewed the new guidelines [14]. Often cited bar-
riers are the cost of treatment [14] and lack of 
proper training and knowledge about referrals and 
perception that patients could not delay treatment 
to pursue options and patients were not interested 
in discussing fertility because it was not mentioned 
[52]. Female oncologists and those with favorable 
attitudes toward fertility preservation and those 
with patients that ask about fertility preservation 
are more likely to refer to reproductive specialists 
[53]. In 2013, ASCO updated its guidelines to 
include other physicians as well as nurses, psy-
chologists, and other nonphysician providers as 
candidates for disseminating information to 
patients regarding fertility preservation [39].

Institutions are increasingly developing fertil-
ity programs that provide guidance about the ele-
ments necessary to effectively inform patients 
about their risks and options and create work-
flows and infrastructure to provide timely refer-
rals to reproductive endocrinology. . Figure  9.1 
demonstrates one algorithm for providing fertility 
preservation in pediatric and adolescent oncology 
patients. The key elements include developing 
institutional policies that demonstrate a commit-
ment to fertility preservation, creating a team of 
individuals who “champion” the provision of 
these services, developing educational resources 
for patients and families as well as clinical staff, 
and developing established relationships with 
reproductive endocrinologists [34, 37, 55]. 
Programs such as LIVESTRONG provide assis-
tance to financially eligible patients with the cost 
of medication and contract with agencies across 
the USA to provide services at reduced cost for 
cancer patients (7  http://www. livestrong. org/we- 
can- help/fertility-services).

9.7  Ethical Considerations

As outlined above, numerous concerns about the 
comprehensive provision of fertility preservation 
options exist. Despite significant study in the area 
of gonadotoxicity, it remains extremely difficult to 
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assess the risk of acute ovarian failure or prema-
ture menopause in a given individual prior to the 
start of cancer-directed therapy. Because there is 
also limited data related to the overall efficacy of 
the various fertility cryopreservation techniques 
specifically in the pediatric oncology population 
clinicians, patients and parents must often make 
decisions about expensive, invasive procedures 
with limited information during an already emo-
tional time [62]. Given that there is no standard-
ization of coverage of these procedures by 
insurance companies, there is also the concern 
that socioeconomic disparities may exist based 
upon who is able to pay and therefore access 
interventions [3].

In the pediatric population, minors will be 
asked to provide their assent for procedures that 
are related to issues, i.e., family planning, that 
they may be ill-suited to consider. When specifi-
cally considering ovarian tissue cryopreservation 

in prepubertal girls, the question of what is in the 
best interest of the child remains a difficult one to 
answer [65].

Disposition of stored ovarian tissue, oocytes, 
or embryos in the setting of a patient’s death 
remains an issue of concern, particularly in the 
pediatric setting where a patient is under the age 
of 18 and is not legally able to determine the dis-
position of stored tissue. While there are mecha-
nisms by which stored tissue would not be able to 
be utilized unless the patient has reached maturity 
and consented to the use of the tissue, controver-
sies remain [1, 65]. In the setting of embryos, the 
situation is further complicated by the wishes and 
desires of the individual who provided the sperm. 
Disposition of unused tissue, oocytes, or embryos 
can also present moral and religious conflicts if 
the patient is able to become pregnant via inter-
course or assisted reproduction and does not 
require the use of the stored tissue.

New diagnosis

High risk for acute
ovarian failure

Low risk for acute
ovarian failure

Low risk for premature
menopause

High risk for premature
menopause

Not interested in
fertility preservation

Not Interested in
fertility preservation

Interested in fertility
preservation

Pre-pubertal Post pubertal

Cryopreservation of ovarian tissue:
(experimental, IRB approved protocol)

Cryopreservation of
embryos or oocytes

Postpubertal survivorship:
Assess menstrual status, Screening

with FSH, LH, estradiol, Consider AMH

Ovarian failure Diminished ovarian reserve Normal ovarian reserve

Referral to reproductive
endocrinology for further

evaluation if interested

• Referral to reproductive
   endocrinology for further
   evaluation
• Attempt natural conception
• Assisted reproduction
• Oocyte or embryo 
    cryopreservation

• Referral for medical
   management of ovarian failure
• Use of prior cryopreserved
   tissue
• If no previously cryopreserved
   tissue, consider donor eggs,
   adoption

       . Fig. 9.1 Algorithm for fertility preservation in pediatric and adolescent oncology patients
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9.8  Future Directions

9.8.1  Generation of Gametes 
from Somatic Cells

Ovarian tissue cryopreservation followed by 
orthotopic or heterotopic transplantation is cur-
rently the only method of fertility preservation 
for prepubertal girls and the only method avail-
able to pubertal girls and adolescents that cannot 
delay therapy to do oocyte cryopreservation. 
Research studying the development of ovarian 
follicles in  vitro is underway. This presents sig-
nificant challenges given the complex systems 
involved in oocyte development and maturation. 
Researchers are exploring ways to apply current 
culture systems to the growth and development of 
cryopreserved- thawed follicles for clinical use in 
patients who have banked ovarian tissue. This 
would eliminate the need for additional reim-
plantation surgery, eliminate the risk of reintro-
duction of potentially diseased ovarian tissue into 
a healthy recipient, and present an option when 
treatment cannot be delayed [21, 58, 63]. Research 
with the ultimate goal of creating a human bio-
prosthetic ovary is underway, and promising 
results have been published in mice using 3D 
printing [36].

9.8.2  Coverage of Fertility 
Preservation by Insurance

As noted above, fertility preservation costs are 
generally not covered by most insurance compa-
nies, as most cancer patients do not fit the insur-
ance companies’ definition of infertility that is 
being unable to achieve pregnancy after 1 year of 
trying. Arguments have been made that given the 
iatrogenic nature of infertility among patients 
with cancer, different eligibility criteria should be 
applied to these patients when considering fertil-
ity preservation interventions [15]. Increasingly 
bills are being introduced state by state to require 
coverage of fertility preservation services [16].

9.9  Conclusion

Increased knowledge about the importance of  
fertility preservation for pediatric and adolescent 
patients with cancer and improvements in 

assisted reproduction techniques has increased 
the likelihood that meeting the family planning 
goals for survivors of cancer has and will con-
tinue to improve over time. Fully meeting this 
goal means refining risk, developing the institu-
tional infrastructure to identify patients at risk in 
a timely fashion, streamlining referrals to the 
appropriate subspecialists, advocating for insur-
ance coverage for fertility preservation proce-
dures, and continuing to move the research 
agenda forward to advance the efficacy of avail-
able options.

 Review Questions and Answers

 ?  Q1.  You have just diagnosed a 5-year-old 
girl with a rhabdomyosarcoma of the 
pelvis. Her treatment includes 
multiagent chemotherapy including 
cyclophosphamide and radiation to 
the tumor site. Which of the following 
would be an appropriate fertility 
preservation option for this patient?

 (a) Embryo cryopreservation
 (b) Ovarian tissue cryopreservation
 (c) Use of GnRH agonist in conjunction 

with therapy
 (d) Oocyte cryopreservation

 v  A1.  (b). Ovarian tissue cryopreservation is 
the only option available to 
prepubertal females.

 ?  Q2.  A 16-year-old female who has just 
been diagnosed with nonmetastatic 
Ewing’s sarcoma wishes to pursue 
oocyte cryopreservation. Her 
oncologist has agreed to a 3-week 
window to start therapy. Her last 
menstrual cycle started 10 days ago. 
Because the patient is mid-cycle, she 
cannot complete oocyte 
cryopreservation in the desired 
timeframe. True/False

 v  A2.  False. Ovarian hyperstimulation can 
utilize a random start protocol which, 
if the systems are in place to facilitate 
a rapid referral, should allow for 
stimulation and recovery of oocytes 
within the time frame outlined above.

 M. Kinnaman et al.
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 ?  Q3.  An 18-year-old female survivor of 
Hodgkin lymphoma, off therapy for 
5 years, is being seen in long-term 
follow-up. She was treated with four 
cycles of BEACOPP and four cycles of 
COPP/ABV. Her menstrual cycle 
resumed 9 months after the 
completion of therapy and has been 
regular since then. She did not 
undergo any fertility preservation 
procedures prior to the start of 
therapy. Appropriate interventions at 
the current clinic visit include:

 (a) Check FSH, LH, and estradiol
 (b) Discuss risk of premature 

menopause
 (c) Discuss consideration of embryo or 

oocyte cryopreservation
 (d) All of the above

 v  A3.  (d)  Female survivors who are treated 
with alkylating agents, particularly 
procarbazine, are at increased risk of 
developing premature menopause 
and should be monitored by 
checking reproductive hormones. 
They should also have a discussion 
about options for family building 
including consideration of embryo 
or oocyte cryopreservation.
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Key Points
 5 OTC is the only pretreatment fertility 

preservation option for prepubertal 
children at high risk for premature 
ovarian failure and infertility

 5 There is no defined standard surgical 
technique for the procurement of 
ovarian cortical children for cryopreser-
vation in children

 5 Laparoscopic oophorectomy for OTC is a 
safe, proactive option for pediatric girls 
facing medical treatment with a high risk 
of fertility loss

 5 We recommend that a laparoscopic 
unilateral oophorectomy for OTC be 
carried out with minimal manipulation to 
the ovarian capsule, preservation of the 
ipsilateral fallopian tube, and division of 
the ovarian artery as the last step of the 
procedure to maintain the integrity of the 
ovary for cryopreservation and the 
presence of adnexal structures for 
potential future transplantation

10.1  Introduction

Ovarian tissue cryopreservation (OTC) provides 
children who face a fertility-threatening treat-
ment an option to cryopreserve their ovarian tis-
sue prior to receiving potentially sterilizing 
medical therapy [1]. Although OTC remains an 
experimental method of fertility preservation, 
this option has an even more powerful impact 
given the reported pregnancies achieved by two 
women who had their ovarian tissue cryopre-
served in childhood prior to stem cell transplant 
[2, 3]. The state of the science is such that for both 
premenarchal and postmenarchal girls, there is 
more hope than ever that cryopreservation of the 
ovarian tissue may allow for the possibility of a 
natural pregnancy and biologically related child 
in the future.

To date, there has not been one standard oper-
ation for ovarian cortical tissue harvest. 
Techniques described include ovarian cortical 
biopsy, unilateral or bilateral hemi-oophorec-
tomy, unilateral oophorectomy, and oophorec-

tomy with excision of the vascular pedicle [4]. It is 
our institution’s preference to perform a laparo-
scopic unilateral oophorectomy to maximize the 
amount of cortical tissue harvested for cryo-
preservation purposes while minimizing the risk 
of operative complications for the patient. This 
chapter aims to describe the preoperative, intra-
operative, and postoperative considerations for 
laparoscopic oophorectomy for OTC.

10.2  Preoperative Considerations

For the pediatric surgeon who is asked to perform 
the oophorectomy, it is important to remember 
that treatment of the potentially life-threatening 
medical condition is the primary goal for both the 
parents and the medical team. Children who are 
candidates for OTC often require other proce-
dures as part of their diagnosis or treatment, 
including central venous access, tumor biopsy, 
lumbar puncture, and/or bone marrow biopsy. 
Whenever possible, the oophorectomy for OTC 
should be coordinated under the same anesthesia 
with these necessary procedures. Our policy is to 
treat the OTC operation as an urgent case, often 
completed within a week of consultation, as not to 
delay medical therapy.

It is important to check preoperative labora-
tory studies, such as a complete blood count, prior 
to proceeding with OTC. This is crucial in chil-
dren with hematologic pathology or those who 
have received previous chemotherapy who may 
have significant anemia or thrombocytopenia 
that requires correction preoperatively.

Laparoscopy is preferred to minimize the 
expected recovery time for the patient but may 
not be possible in some patients with intra- 
abdominal or intrapelvic tumors. These children 
may require an open incision via Pfannenstiel or 
midline laparotomy for OTC. Another option is 
to perform the oophorectomy during the initial 
tumor resection or debulking (. Fig.  10.1). 
Regardless of the planned approach, the patient is 
asked to void just prior to entering the operating 
room in order to avoid the use of a Foley catheter. 
A decompressed bladder allows for optimal intra-
operative visualization and manipulation of the 
adnexal structures in order to safely perform the 
unilateral oophorectomy.
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10.3  Operative Technique

The technical details matter when removing an 
ovary for fertility preservation, even though the 
procedure itself is relatively straightforward. The 
ovary should be handled and treated with care as 
a potential organ for transplant. The laparoscopic 
approach typically involves a 10-mm umbilical 
port to accommodate the endoscopic retrieval 

bag, which facilitates quick removal of the ovary 
from the patient’s body once the final ovarian 
arterial blood supply has been divided. Two addi-
tional 5-mm ports are needed for the dissection, 
which most often include left lower quadrant and 
suprapubic locations, for removal of the right 
ovary. This orientation is the same as that typically 
used for laparoscopic appendectomy, which is 
familiar to pediatric surgeons. Alternative port 
placements can be considered according to the 
child’s age and abdominal size. (. Fig. 10.2) The 
procedure begins with clear visualization of the 
uterus and both ovaries. This requires careful lift-
ing of the fallopian tubes to view the entire ovary 
for any cysts or masses (. Fig. 10.3). If both ova-
ries are normal, then dissection of the right ovary 
typically ensues, due to the laparoscopic orienta-
tion as described and its location away from the 
sigmoid colon. In patients who will receive asym-
metric pelvic radiation, it is generally advisable to 
remove the ovary which will receive the higher 

       . Fig. 10.1 Large rhabdomyosarcoma arising from the 
bladder in a 5-year-old girl who underwent an open 
oophorectomy for ovarian tissue cryopreservation at the 
time of her open tumor debulking procedure

5 or
10 mm

5 mm

5 mm
5 mm

5 mm 5 mm

10 mm 10 mm 10 mm

a b c d

       . Fig. 10.2 Laparoscopic trocars for unilateral oophorectomy in a infant, b preadolescent, and c, d adolescent girls. 
The monitor is located at the foot of the bed for the majority of operations

       . Fig. 10.3 Inspection of the uterus, fallopian tubes, 
and ovaries in a prepubertal girl
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radiation dose. If the left ovary is appropriate for 
removal, then the suprapubic port is eliminated in 
favor of a right mid-abdominal 5-mm trocar. At 
times, both 5-mm ports are positioned in the left 
or right abdomen (opposite from the ovary), par-
ticularly in very young patients (. Fig. 10.2).

In infants and pre-adolescent girls, the liga-
ment of the ovary is long, the mesovarium is often 
narrow, and the fallopian tube is located very 
close to the ovary, all of which increase the possi-
bility of burn damage if the mesovarium is divided 
(. Fig. 10.4). The mesovarium of the broad liga-
ment between the ovary and the fallopian tube is 
grasped, and the mesovarium is divided using the 
harmonic scalpel, at the isthmus, the location 
where it joins the uterus. Salpingo-oophorectomy 
may be required in very young girls where the 
mesovarium is too narrow to allow for safe tissue 
division using the harmonic scalpel without dam-
aging the ovarian capsule. In peripubertal girls 
and teenagers, the mesovarium may be wide 
enough to provide a safe plane of dissection 
between the ovary and fallopian tube, without the 
need for concomitant salpingectomy. The goal is 
complete dissection with a no-touch technique of 
the ovarian capsule. The no-touch technique is 
achieved by creating a rim of tissue to act as a 
handle while dividing the mesovarium from 
medial to lateral (. Fig. 10.5). The ovarian artery 
within the suspensory ligament of the ovary is 
divided as the final step to preserve the main arte-
rial blood supply to the ovary during the dissec-
tion. Prior to dividing the vascular pedicle, the 
operating room team is alerted that the blood 
supply will be divided so the team is ready for 
specimen removal. The ovary is then quickly 
placed in an endoscopic retrieval bag and removed 
through the umbilical incision. If needed, the fas-
cial incision is extended to minimize any crush 

injury to the ovary as it is being extracted. Once 
removed, a 4-mm biopsy punch of the ovary is 
obtained and submitted to the anatomic pathol-
ogy lab as a routine specimen. The ovary is then 
placed into the cryopreservation media as quickly 
as possible after division of the ovarian artery.

Particularly for the youngest pediatric patients 
with very small ovary size, the attention to detail 
during the oophorectomy ensures that the maxi-
mum amount of ovarian tissue is available for pres-
ervation. Even small areas where the heat source is 
too close to the ovarian capsule may have cata-
strophic burn effects on the tissue, damaging many 
of the primordial follicles that lie just below the 
ovarian capsule. Maintaining the ovarian arterial 
blood supply until the very end of the dissection is 
crucial in all patients but particularly in younger 
patients with smaller vessels. In the adult literature, 
the Endo GIA stapler has been used to divide the 
ovarian blood supply and surrounding tissue, thus 
eliminating the need for any heat source during the 
dissection [5]. However, in pediatric patients, this 
can be problematic for several reasons: (1) need for 
a 12-mm trocar to accommodate the stapler and 
(2) small size of the pelvis in young girls which 
makes manipulation of the stapler difficult. 
Another report of laparoscopic ovarian tissue col-
lection in the pediatric age group describes partial 
oophorectomy of both ovaries, using a heat source 
to coagulate the cut surface of the ovary [6]. We do 
not recommend this approach because of simulta-
neous damage to both ovaries and risk of hemor-
rhage from the raw surfaces of the ovary. 
Particularly in very young preadolescent patients, 
the ovaries are small and partial oophorectomy 
would risk damaging both the excised ovarian tis-
sue and the remaining ovary left in situ.

       . Fig. 10.4 Right ovary of a prepubertal girl with a long 
ovarian ligament and narrow mesovarium

       . Fig. 10.5 Medial to lateral dissection of the mesovar-
ium along the right ovary of a prepubertal girl. A small rim 
of tissue is used to facilitate a “no touch” dissection with 
minimal manipulation of the ovarian capsule

 K. S. Corkum and E. Rowell



119 10

10.4  Summary

Laparoscopic oophorectomy for OTC is a safe, 
proactive option for pediatric girls facing medical 
treatment with a high risk of fertility loss. Based 
on our institution’s experience, we recommend 
that a laparoscopic unilateral oophorectomy for 
OTC be carried out with minimal manipulation 
to the ovarian capsule, preservation of the ipsilat-
eral fallopian tube, if possible, and division of the 
ovarian artery as the last step of the procedure in 
attempt to maintain the integrity of the ovary for 
cryopreservation and the presence of adnexal 
structures for potential future transplantation.

 Review Questions and Answers

 ?  Q1.  Is there a defined surgical technique 
for the procurement of ovarian cortical 
tissue for OTC in children?

 v  A1.  No, there has not been one standard 
operation for ovarian cortical tissue 
harvest. Techniques described include 
ovarian cortical biopsy, unilateral or 
bilateral hemi-oophorectomy, unilateral 
oophorectomy, and oophorectomy with 
excision of the vascular pedicle.

 ?  Q2.  What are important perioperative 
considerations before proceeding with 
OTC in pediatric patients?

 v  A2.  It is important to check preoperative 
laboratory studies, such as a complete 
blood count, prior to proceeding with 
OTC. This is crucial in children with 
hematologic pathology or those who 
have received previous chemotherapy 
who may have significant anemia or 
thrombocytopenia that requires 
correction preoperatively.

 ?  Q3.  What are the anatomic differences 
between the adnexa of a prepubertal 
girl and a postpubertal girl?

 v  A3.  In infants and preadolescent girls, the 
ligament of the ovary is long, the 

mesovarium is often narrow, and the 
fallopian tube is located very close to 
the ovary. The average volume of a 
prepubertal ovary is 1 cm3 as 
compared to the 5–10 cm3 volume of a 
postpubertal ovary.

 ?  Q4.  What are the key aspects to 
performing a laparoscopic unilateral 
oophorectomy for OTC in children?

 v  A4.  Laparoscopic unilateral oophorectomy 
for OTC should be carried out with 
minimal manipulation to the ovarian 
capsule, preservation of the ipsilateral 
fallopian tube, if possible, and division 
of the ovarian artery as the last step of 
the procedure in attempt to maintain 
the integrity of the ovary for 
cryopreservation and the presence of 
adnexal structures for potential future 
transplantation.
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Key Points
 5 Cancer may have negative effects upon 

male reproduction through multiple 
pathophysiologic mechanisms.

 5 Radiation and chemotherapy exhibit 
dose- dependent gonadotoxicity.

 5 Fertility preservation should be dis-
cussed with all male patients with a new 
cancer diagnosis.

 5 Sperm cryopreservation is the mainstay 
of fertility preservation, and adjunct pro-
cedures including penile vibratory stimu-
lation, electroejaculation, and onco-TESE 
should be employed when appropriate.

Cancer is one of the most common disease states, 
with approximately 50% of men facing this diag-
nosis during the course of their lifetime. While 
the overriding focus for both health care profes-
sionals and patients has long been disease cure 
and survival, a number of factors have led to a 
significant change in this therapeutic perspective. 
With marked advances in early disease detection 
and therapy, patient survival for many cancers 
has increased dramatically over the last several 
decades. This, in turn, has provided many patients 
with the opportunity to live full lives beyond their 
diagnosis, allowing them to look past their cancer 
and consider life after treatment. Issues such as 
post-treatment marriage and parenthood are con-
sidered as important as the underlying disease by 
many patients. As such, measures to preserve sex-
ual and reproductive health in the course of can-
cer treatment are increasingly important to many 
patients as they face a malignancy diagnosis.

In addition to improvements in cancer detec-
tion and treatment, there has been a growing 
demographic trend for both men and women to 
pursue efforts at initiating pregnancy later in life 
[1, 2]. The reasons for this are many, including 
initial fulfillment of educational and career goals, 
marriage at a later age in life, and second families 
started after divorce or death of a spouse. This 
shift has also led to a change in the traditional 
reproductive paradigm. Now, malignancies such 
as prostate, lung, and colorectal cancer are being 
seen in patients who may indeed wish to preserve 
their reproductive potential. It is specifically for 
these reasons that clinicians must be both vigilant 
and open-minded when considering the needs 

of patients who are facing a malignancy diag-
nosis. A proactive discussion with each patient 
regarding the possible deleterious impact of their 
disease state and the associated therapy must be 
undertaken in order to truly provide patients with 
comprehensive medical care. Failure to proceed 
in this fashion will surely lead to missed opportu-
nities for fertility preservation in patients, some of 
whom may permanently lose their reproductive 
capability.

11.1   The Impact of Cancer on Male 
Reproductive Health

Cancer as a disease process can have many del-
eterious effects on male reproduction, even before 
any therapy has been initiated. These effects 
include disruption of the hypothalamic-pituitary- 
gonadal (H-P-G) axis, direct immunological 
or cytotoxic injury to the germinal epithelium 
within the testis, systemic processes such as fever 
and malnutrition, and psychological issues such 
as anxiety and depression. These pathological 
changes may individually or collectively lead to 
fertility impairment, which is sometimes present 
at the time of diagnosis [3, 4].

11.1.1   Endocrine Effects of Tumors

Successful spermatogenesis hinges on the normal 
endocrine function of the hypothalamus, pitu-
itary gland, and testis. The delicate balance main-
tained by these structures is often disturbed at the 
time of cancer diagnosis. This is particularly true 
in patients with testicular cancer whose tumors 
may produce beta-human chorionic gonadotro-
pin (β-hCG) and alpha-fetoprotein (AFP).

In a series of 15 patients with testicular cancer, 
Carroll et al. reported that two-thirds had abnor-
malities in key reproductive hormones. These 
changes included a decrease in serum follicle- 
stimulating hormone (FSH) levels and/or eleva-
tions in luteinizing hormone (LH) and β-hCG 
levels [5]. In this series, FSH was decreased in nine 
out of ten patients with impaired semen param-
eters, and four of these nine patients had elevated 
β-hCG levels, leading the authors to postulate a 
possible inhibitory effect of β-hCG on FSH in 
some patients. Other studies have detected mark-
edly increased FSH levels, decreased testosterone 
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levels, and impaired spermatogenesis in the pres-
ence of testicular tumors that produce β-hCG [6, 
7]. Even in the absence of β-hCG, the presence of 
a testicular tumor alone may alter the H-P-G axis. 
In a large series of 561 patients with testicular 
germ cell tumors and 561 healthy controls, men 
with testis cancer and negative β-hCG had signifi-
cantly lower serum testosterone and testosterone/
LH ratio compared to healthy controls [8].

Excessive levels of AFP have also been asso-
ciated with the disruption of spermatogenesis. 
Yazama et  al. injected normal mice with AFP 
and found that spermatogenesis was significantly 
impaired relative to controls injected with bovine 
serum albumin [9]. Hansen et al. assessed 97 men 
with seminomatous and nonseminomatous germ 
cell tumors (NSGCT) and reported an AFP eleva-
tion in 38% of these patients [6]. In the subset of 
men with NSGCT, increased AFP was found on 
multiple regression analysis to be strongly associ-
ated with impaired semen quality.

Estrogen has also been linked to impaired sper-
matogenesis in men with testicular cancer. Cochran 
et  al. noted that patients with β-hCG–producing 
tumors exhibited increased estradiol secretion and 
significantly decreased FSH production, suggest-
ing a possible endocrinopathic pathway leading 
to diminished sperm production [10]. Likewise, 
de Bruin et al. found higher levels of estradiol and 
prolactin in men with elevated levels of β-hCG, 
which was also associated with decreased total 
motile sperm count [7]. Aiginger et al. suggested 
more broadly that increased conversion of steroid 
precursors to estradiol is a feature of both β-hCG-
positive and β-hCG-negative testicular tumors, 
leading to the inhibition of the H-P-G axis and del-
eterious effects on spermatogenesis [11].

Much remains to be learned about the com-
plexities of cancer-induced disruption of the 
H-P-G axis. Over the last decade, the numerous 
cytokines that are produced by immunological 
cells and tumor cells alike have garnered increas-
ing interest. In addition to direct injurious effects 
on germinal epithelium and Leydig cells in the 
testis, ample evidence suggests that cytokines may 
also disrupt the central nervous system (CNS) 
endocrine processes. Cytokine receptors are pres-
ent in the CNS, and studies by several investiga-
tors suggest that some cytokines may cross the 
blood-brain barrier to activate central kinase 
systems and disturb normal endocrine pathways 
[12, 13].

Anorexia-cachexia syndrome, which is pres-
ent in 80% of patients with advanced cancer, is 
an example of such a cancer-related process in 
which cytokines have been implicated in caus-
ing disturbances in food intake and nutrition, 
ultimately leading to wasting, malnourishment, 
and death. The cytokines implicated in this pro-
cess include interleukin 1, interleukin 6, tumor 
necrosis factor alpha, interferon gamma, leuke-
mia inhibitory factor, ciliary neurotrophic factor, 
and transformation growth factor beta (TGF- β) 
[14–17]. Anorexia-cachexia syndrome is relevant 
to reproductive health in cancer patients in two 
regards. First, with severe depletion of nutritional 
reserves, processes such as reproductive func-
tion may be detrimentally affected [12]. Second, 
cytokine- driven CNS endocrinopathic processes 
such as anorexia-cachexia syndrome should 
prompt consideration of the existence of similar 
central cytokine effects on the reproductive func-
tion of the hypothalamus and pituitary gland. 
Further insight into the detrimental endocrine 
effects of cancer is needed.

11.1.2   Cytotoxic Autoimmune 
Response

A complicated cascade of changes in the immune 
system occurs in the presence of cancer. While 
these changes may aid in battling the neoplas-
tic process at hand, secondary detrimental 
changes may result in reproductive dysfunction. 
Lymphocytic infiltration is associated with many 
testicular tumors, particularly seminomas [18]. 
While there is a paucity of studies examining the 
impact of testicular inflammation on spermato-
genesis in the setting of cancer, several investiga-
tors have evaluated the effects of inflammation on 
spermatogenesis in normal testes.

Using models of experimentally induced 
orchitis, several different researchers have found 
that inflammatory cytokines may significantly 
disturb spermatogenesis. The recruitment of 
lymphocytic infiltrate, predominantly comprised 
of macrophages, is seen in a Sprague-Dawley rat 
model with experimentally induced orchitis [19]. 
Macrophage infiltrate likely mediates local inflam-
mation via release of pro-inflammatory cytokines. 
Rival et al. demonstrated a link between interleu-
kin 6 expression, germ cell sloughing, and germ cell 
apoptosis in the aforementioned rat model [20]. 
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Theas et  al. reported increased cytochrome c, 
caspase 8, and caspase 9 levels with associated 
germ cell apoptosis also using an experimentally 
induced orchitis rat model [21]. The same authors 
subsequently noted a prominent role for tumor 
necrosis factor-alpha in mediating macrophage-
induced apoptosis of germ cells within the rat 
testis [22].

Reactive oxygen species (ROS) levels may 
also rise in the setting of testicular lymphocytic 
infiltrate. Spermatozoa exposure to ROS leads 
to sperm membrane lipid peroxidation which, 
in turn, may lead to fertility impairment [23]. 
Martinez et  al. specifically evaluated the impact 
of several pro-inflammatory cytokines on semen 
samples from normospermic donors, in particu-
lar assessing ROS effects. They found interleukin 
8 and tumor necrosis factor-alpha, either alone or 
in the presence of leukocytes, can lead to sperm 
plasma membrane lipid peroxidation at levels that 
could significantly affect sperm function and fer-
tility potential [24].

Cytokine excess may also have direct injuri-
ous effects on the testis by disrupting the blood-
testis barrier. In a rat model of experimentally 
induced varicocele, Oh et al. found downregula-
tion of claudin-11, a critical element of the blood-
testis barrier, was associated with upregulation of 
inflammatory cytokines such as tumor necrosis 
factor-alpha, interleukin 1, and interleukin 6 [25]. 
Wong et  al. demonstrated that TGF-β is a key 
mediator in restructuring of the blood-testis bar-
rier [26]. These findings support the hypothesis of 
cytokine-induced testicular injury via alterations 
of the blood-testis barrier.

Some authors have identified the presence 
of antisperm antibodies in men with testicular 
cancer, suggesting that autoimmune pathology 
and dysregulation of the blood-testis barrier 
may play a role in impaired spermatogenesis in 
these patients. Guazzieri et  al. noted high levels 
of antisperm antibodies in men with testicular 
cancer, suggesting violation of the normal blood-
testis barrier protecting the germinal epithelium 
from the immune system [27]. They found a sig-
nificantly higher percentage of positivity (50%) 
for serum antisperm antibodies in patients with 
advanced disease compared with patients with 
low-stage disease (30%). In contrast, Paoli et  al. 
examined 190 men with testicular cancer and 
found antisperm antibody positivity in just 11 
(5.8%) patients 1  month following orchiectomy 

[28]. Further analysis revealed that among the 11 
men with antibody positivity, four had no anti-
body bound to the sperm surface and three had 
IgG positivity only. Further research is needed to 
elucidate the relationship between malignancy, 
inflammation, and the blood-testis barrier.

11.1.3   Systemic Physiological 
Changes

Cancer is associated with a host of significant 
changes in normal physiology and homeostasis. 
As seen in many patients with chronic disease 
states, patients with cancer may suffer from a 
variety of comorbidities, including malnutrition 
and opportunistic infections, which may inde-
pendently impair reproductive health [29, 30].

Endocrine changes are commonly associ-
ated with a number of cancer types [31–34]. The 
pathophysiology is not entirely understood but 
may arise due to inhibitory effects centrally on the 
hypothalamus and pituitary gland (as discussed 
earlier) and peripherally via impairment of the 
testicular Leydig cells. Low testosterone in the 
setting of cancer may not only impact spermato-
genesis but may also decrease the desire to engage 
in sexual activity [35]. Anxiety, depression, and 
decreased overall sense of well-being may also 
result, either before or after treatment [36, 37].

Strasser et  al. assessed men with advanced 
cancer who had not undergone any major inter-
vention or treatment for 2 weeks [38]. They found 
that 29 out of 45 men (64%) had low free testos-
terone levels. LH was elevated in these men, sug-
gesting that the low free testosterone levels were 
caused, at least in part, by primary testicular dys-
function. The authors acknowledged that central 
mechanisms may also play a role in their patients’ 
overall hypogonadism.

Fever, a systemic effect of cancer in a variety 
of malignancies, has been implicated in impaired 
spermatogenesis. Carlsen et al. demonstrated that 
even among healthy men, a single febrile episode 
may impair sperm concentration, morphology, 
and motility [39]. Neoplastic fever, or tumor fever, 
has been associated with malignancies such as 
Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, 
soft tissue sarcoma, leukemia, and renal cell carci-
noma, among others [40]. Marmor et al.  evaluated 
a series of 57 patients with Hodgkin’s disease and 
found semen abnormalities in 19 (33.3%) [41]. 
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Higher fever temperatures were associated with 
more severe deficits in sperm production, with 
severely diminished sperm concentration and 
even azoospermia seen in some patients. Lower 
temperatures were associated only with deficits in 
motility. Of the 19 patients with fever, only five 
had normal semen analyses. In a study by Viviani 
et al., semen analysis was performed in 92 male 
patients with Hodgkin’s disease prior to treatment 
[31]. Sixty-seven percent of these men demon-
strated impaired spermatogenesis independent of 
disease stage. Beyond fevers of neoplastic origin, 
fevers secondary to pharmacologic intervention 
or due to opportunistic infection may also impair 
spermatogenesis in a significant proportion of 
patients with malignancy.

11.1.4   Psychological Changes 
Associated with Cancer

Patients confronting a diagnosis of cancer often 
find themselves facing a number of difficult psy-
chological issues. Anxiety and depression are 
common among male cancer patients, and both 
have the potential to negatively impact reproduc-
tive health [36, 40]. Bhongade et  al. found that 
among male partners of infertile couples, men 
with psychological stress had lower serum testos-
terone and higher FSH levels, resulting in abnor-
mal semen parameters [42].

Using questionnaires that addressed sexual 
health, fertility, and psychological issues, Arai 
et  al. evaluated 85 men with testicular cancer 
who were disease-free 1 year or more after treat-
ment [43]. Interestingly, the rates and nature 
of sexual dysfunction seen in the surveillance 
patients were similar to those seen in the other 
treatment groups (surgery, chemotherapy, and 
radiation therapy). Ejaculatory function was the 
only exception to this finding, with the surveil-
lance group having better ejaculatory function 
than the other treatment groups. The high-
est rates of infertility distress were observed in 
chemotherapy patients. Aside from ejaculatory 
function, patients treated with surveillance did 
not have fewer sexual problems than patients 
in the other treatment groups. The authors con-
cluded that sexual dysfunction and infertility 
distress are cancer side effects possibly attributed 
to psychological problems, which can persist 
even years after malignancy diagnosis. Likewise, 

van Basten et  al. examined sexual dysfunction 
in men with testicular cancer who were treated 
with either orchiectomy alone or orchiectomy 
with chemotherapy. While the authors found 
substantial sexual morbidity in both groups, 
most patients were eugonadal and there were no 
differences in penile hemodynamics, suggesting 
a psychogenic etiology to sexual dysfunction in 
these men [44].

11.2   The Impact of Cancer 
Treatment on Male 
Reproductive Health

A number of treatment modalities are utilized 
in the management of cancer. Surgical therapy, 
cytotoxic drug therapy, radiation therapy, and 
stem cell transplantation are commonly used in 
the treatment of this broad disease state. Each 
treatment has its own associated risks and ben-
efits, and these effects should be carefully con-
sidered and discussed with the patient prior to 
initiating therapy. Specific potential effects of 
treatment include disruption of the H-P-G axis, 
direct cytotoxic effects on the germinal epithe-
lium within the testis, impairment of penile erec-
tile function, damage to the sympathetic nervous 
system driving seminal emission and ejaculation, 
and injury to the genital ductal system required 
for normal sperm transport. As highlighted ear-
lier in this chapter, many cancer patients have 
significantly impaired reproductive potential at 
the time of diagnosis. With this in mind, when 
fertility preservation is desired, therapeutic 
modalities that maximize clinical effectiveness 
while sparing reproductive potential should be 
selected.

11.2.1   Effects of Radiation Therapy

Radiation therapy causes germ cell loss in a dose- 
dependent fashion [46]. Damage may result from 
direct radiation treatment of the testis or radia-
tion scatter from the treatment of other subdia-
phragmatic organs. The testis is one of the most 
radiosensitive organs in the body, and the most 
immature cell types are the most sensitive to 
injury [46]. Very small doses (as low as 0.1  Gy) 
can affect spermatogonia, leading to histological 
changes in their number and shape. Exposure to 
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2–3 Gy of radiation leads to significant spermato-
cyte damage, with a resultant drop in numbers 
of spermatids. Doses in the 4–6 Gy range lead to 
significant decreases in the numbers of sperma-
tozoa, suggesting that doses in this range lead to 
spermatid injury.

The timeline for radiation injury to be 
reflected in semen analyses is approximately 
60–70  days after exposure. Radiation doses less 
than 0.8 Gy typically lead to oligospermia, doses 
0.8–2  Gy often result in transient azoospermia, 
and exposure to doses greater than 2 Gy may lead 
to irreversible azoospermia [46].

Factors such as the fractionation schedule 
and the specific field of treatment determine the 
ultimate impact of radiation therapy on reproduc-
tive health. The larger the dose of radiation, the 
more precipitous the decline in sperm concentra-
tion and the longer the period of time required 
for recovery of spermatogenesis [46]. Hansen 
et al. evaluated pre-and post-radiation treatment 
semen parameters in 24 patients with seminomas 
and 24 patients with NSGCT. On Cox regression 
analysis, recovery of spermatogenesis depended 
on radiation dose, and use of adjuvant chemo-
therapy prolonged the patients’ recovery period. 
Additionally, the return of spermatogenesis was 
impaired in men with low pretreatment total 
motile sperm counts and those over 25  years of 
age [47].

Sperm concentrations usually reach nadir by 
4–6 months after the conclusion of radiation ther-
apy. Return to pretreatment levels is typically seen 
within 10–24 months, with patients who receive 
higher doses experiencing longer recovery peri-
ods. Changes in sperm concentration over time 
are reflected by accompanying variations in FSH 
level [48].

Return of spermatogenesis following radiation 
therapy hinges on the survival and proliferation 
of surviving type-A spermatogonia. . Table 11.1 
details the timeline for functional recovery of the 
human testis after single-dose radiation treat-
ment, based on a study by Rowley et  al. [49]. 
Fractionated therapy tends to be associated with 
longer recovery times than single- dose therapy. 
Some patients who do ultimately regain sper-
matogenesis after radiation treatment may exhibit 
permanently diminished sperm concentration 
and motility. For these individuals, assisted repro-
ductive techniques are often useful in facilitating 
achievement of pregnancy.

Leydig cells are much less likely to sustain 
functional impairment from radiotherapy than 
are germinal epithelial cells. However, Rowley 
et al. demonstrated that even doses of radiation of 
0.75 Gy can lead to increases in LH levels, suggest-
ing some degree of Leydig cell injury [49]. These 
authors detected no change in testosterone level 
at this dose, and LH levels gradually returned to 
normal within 30  months after radiation expo-
sure.

Giwercman et  al. evaluated men who had 
undergone orchiectomy and then proceeded to 
testicular radiation therapy for carcinoma in situ 
of the solitary remaining testis. These authors 
found that impairment in Leydig cell secretory 
function is generally not observed until radiation 
exceeds doses of 20 Gy. At this dose, not only do 
LH levels become elevated, but also testoster-
one levels decline when compared with similar 
patients who have not undergone radiation ther-
apy to the remaining, solitary testis [50].

External beam radiation therapy for pelvic 
cancers (such as colorectal, bladder, and prostate 
cancer) results in testicular exposure to scat-
ter doses of 0.4–18.7% of the administered dose 
[51, 52]. In particular, patients with rectal cancer 
treated with external beam radiation therapy have 
the highest doses of radiation reaching the testis. 
Herman et  al. have shown that patients treated 
with 50  Gy for rectal cancer sustained an 85% 
increase in serum FSH levels and a 22% decline in 
serum testosterone levels [52].

Important questions regarding the impact 
of sperm DNA damage resulting from radiation 
therapy have yet to be answered. Stahl et al. have 
shown an increase in DNA fragmentation index 
in men with testicular carcinoma undergoing 
adjuvant radiation therapy compared with similar 

       . Table 11.1 Recovery of spermatogenesis after 
graded doses of ionizing radiation to the human 
testes

Radiation dosage Time to complete recoverya

<1 Gy 9–18 months

2–3 Gy 30 months

≥4 Gy ≥5 years

Source: Data from Rowley et al. [49]
aReturn to preirradiative sperm concentration
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patients not treated with radiation. These transient 
changes were seen up to 2 years after treatment, but 
the clinical impact of the increases in sperm DNA 
fragmentation has yet to be fully clarified [53, 54]. 
Likewise, Smit et al. found increased sperm DNA 
fragmentation index in men with testicular carci-
noma undergoing adjuvant radiation compared to 
those undergoing chemotherapy [55]. Rives et al. 
examined sperm aneuploidy before and after radi-
ation therapy for testicular cancer and found that 
mean sperm aneuploidy returned to pretreatment 
baseline within 12  months [56]. Several addi-
tional small studies suggest that DNA integrity of 
sperm returns to levels of age-matched controls 
over time, but further work is needed to clarify 
these findings [57, 58]. A number of encourag-
ing studies have shown no increase in congenital 
anomalies or other disease states in the offspring 
of patients treated for cancer (with radiation and/
or chemotherapy) when compared with these 
patients’ cousins and to published figures for the 
general population [59, 60].

11.3   Radiation Therapy for Prostate 
Cancer

Prostate cancer is the most common cancer in men, 
and approximately one third of men choose radia-
tion therapy for treatment of their disease [61]. 
Men at high risk for cancer may initiate prostate-
specific antigen (PSA) screening at a younger age, 
and as such, many men facing this diagnosis may 
still be interested in preserving their reproductive 
function. A study by Daniell et al. revealed signifi-
cant differences in hormone levels between men 
who had received prostate external beam radia-
tion therapy and those who had undergone radical 
prostatectomy [62]. Three to 8 years after comple-
tion of treatment, total testosterone levels were 
27.3% less, free testosterone levels were 31.6% less, 
LH levels were 52.7% greater, and FSH levels were 
100% greater in men who had undergone external 
beam radiation therapy compared with men who 
had undergone radical prostatectomy. No semen 
analysis comparison was possible as one of the 
groups underwent radical prostatectomy, but the 
significant changes in hormone levels, particularly 
the doubling of FSH, imply a high likelihood of 
significant disruption of spermatogenesis in the 
group treated with radiation therapy.

Brachytherapy is a common modality fre-
quently used to treat prostate cancer. Mydlo et al. 
assessed semen quality in four young men (age 
39–52) treated for prostate cancer with brachy-
therapy [63]. Assessment of semen parameters 
6 months post- treatment revealed no change, and 
three of the four men were able to initiate pregnan-
cies after treatment. The fourth patient, who had 
not yet achieved a pregnancy, was noted to have no 
change in sperm concentration or motility at the 
6-month postoperative time point. Scatter radia-
tion dose with brachytherapy is typically less than 
20 cGy. A subsequent study by Grocela et al. found 
that three out of 485 men who continued to be sex-
ually active after prostate brachytherapy achieved 
pregnancies with their partners. Two pregnancies 
were carried to term and resulted in the birth of 
healthy children. The third pregnancy resulted in a 
first trimester miscarriage. All three men had low 
ejaculate volume and mildly decreased total sperm 
count [64]. Delaunay et al. reported that four out 
of 270 men expressed a desire for fertility follow-
ing prostate brachytherapy. All four men achieved 
pregnancies, though one pregnancy resulted in 
miscarriage [65].

11.4   Radiation Therapy 
for Testicular Cancer

Pelvic radiation therapy is a mainstay of treatment 
for some patients with testicular cancer, particu-
larly those with seminoma. Radiation in these 
cases is typically delivered to the para-aortic lymph 
nodes and the iliac lymph nodes ipsilateral to the 
tumor. In this setting, the testicles receive approxi-
mately 0.3–0.5 Gy due to scatter, even if testicular 
shielding is used [66]. Typically, spermatogenesis 
will be impaired for a period of 6–8 months, fol-
lowed by recovery over the next 1–2  years [56]. 
Despite this improvement, spermatogenesis may 
never return to the pretreatment baseline levels. 
Prognostic factors favoring more rapid or com-
plete recovery of spermatogenesis include normal 
semen parameters prior to therapy and younger 
age at the time of treatment [67].

In comparing paternity of men with testicular 
cancer who underwent radiation therapy vs. those 
who underwent observation, Huyghe et al. found 
significantly lower paternity in the radiation treat-
ment group [68]. The authors concluded that fer-
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tility in patients with testicular cancer declined by 
30% after radiation treatment. They also reported 
that radiation therapy, when compared with che-
motherapy and observation, had the most delete-
rious effects on reproductive potential. Huddart 
et  al., in a study of 680 patients, did not reach 
similar conclusions. They found that a slightly 
higher percentage of patients undergoing radia-
tion therapy were successful in conceiving when 
compared with patients receiving chemotherapy 
[69]. Nalesnik et  al. examined a small group of 
patients who underwent radiation therapy for 
stage I and 2A seminoma. At a mean follow-up 
of 7.9 years, all patients recovered some degree of 
spermatogenesis [70]. However, given the clear 
link between even small doses of radiation expo-
sure and impaired testicular function, several 
authors have recommended the use of protective 
gonadal shielding to decrease radiation scatter to 
the remaining testicle [47, 48].

11.5   Radiation Therapy 
for Lymphoma

Radiation therapy is often used for the treat-
ment of Hodgkin’s lymphoma, and as with other 
disease states, impairment of spermatogen-
esis occurs in a dose-dependent fashion. Kinsella 
et  al. prospectively followed 17 men with early-
stage Hodgkin’s disease to assess the impact of 
low-dose scattered irradiation in men receiv-
ing conventional fractionated therapy. In these 
patients, the testicular dose ranged from 6 to 
70 cGy, with follow-up ranging from 3 to 7 years 
after completion of radiation therapy. The authors 
concluded that if the scattered dose received was 
between 0.2 and 0.7 Gy, patients may experience 
a temporary rise in FSH and decline in sperm 
concentration. Return of normal FSH levels was 
seen in 12–24 months and resolution of transient 
oligospermia was observed within 18 months of 
therapy completion [71].

11.6   Radiation Therapy 
for Leukemia

Whole-body radiation therapy has been used to 
achieve myeloablation in many patients prior 
to stem cell transplantation [72]. Recovery of 

testicular function (normal FSH, LH, testoster-
one, and/or sperm concentration) is seen in less 
than 20% of men undergoing whole-body irra-
diation and subsequent bone marrow transplant 
[73]. Socie et al. in a large survey of 229 centers 
of the European Group for Blood and Marrow 
Transplantation, noted that paternity via natu-
ral means after whole-body irradiation is a rare 
event, with only 27 such men being identified 
from all of the centers surveyed. In 41 pregnancies 
in female partners of these same male patients, no 
stillbirths and only 1 miscarriage were observed. 
The risk for either occurrence in the normal 
population is approximately 10%, significantly 
higher than observed for these patients [74]. 
Given the effects of whole-body radiation on tes-
ticular function, multiple authors have described 
gonadal- shielding protocols on an individualized 
basis, when appropriate [75, 76].

11.7   Effects of Chemotherapy

Chemotherapy is a mainstay of treatment for 
many forms of cancer, and the aim is to kill rap-
idly proliferating cells. One of the most significant 
drawbacks for this form of therapy is the destruc-
tion of the normal, healthy tissue. A large num-
ber of chemotherapeutic agents are available, and 
their effects on male reproductive health are vari-
able. Much has been learned about the impact of 
various cytotoxic agents since Spitz first described 
testicular damage in men treated with nitrogen 
mustard in 1948. In that report, 27 of 30 men hav-
ing undergone this type of treatment were found 
at the time of autopsy to be azoospermic [77]. As 
is the case with radiation therapy, the germinal 
epithelium is much more sensitive to the effects 
of chemotherapy than are Leydig cells. While 
azoospermia is seen after treatment with a variety 
of agents, clinical hypogonadism manifest by low 
serum testosterone levels is less common.

The ultimate impact of chemotherapy hinges 
on the specific agents used, the dosage of these 
medications administered, and the age of the 
patient. The deleterious effects of chemotherapy 
may act in concert with injury brought about by 
other forms of therapy, such as radiation therapy. 
Below is a brief overview of the major classes of 
chemotherapeutic agents and their impact on 
male reproductive health.
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11.8   Alkylating Agents (Includes 
Busulfan, Chlorambucil, 
Chlormethine, 
Cyclophosphamide, Ifosfamide, 
and Procarbazine)

Alkylating drugs are one of the most toxic classes 
of chemotherapeutic medications available, with 
a high risk of inducing post-treatment infertility. 
These medications disrupt DNA function via sev-
eral mechanisms, including DNA base pair alkyl-
ation, formation of abnormal base cross-bridges, 
and mispairing of nucleotides. The end result is 
impaired DNA synthesis and RNA transcrip-
tion leading to cellular death. These agents cause 
mutations in all stages of developing germinal 
epithelium [78].

Byrne et al. reported that severe oligospermia 
or azoospermia typically develop 90–120  days 
after alkylating agent therapy, with a significant 
decrease in male fertility whether or not concur-
rent radiation therapy was administered [79]. 
A number of investigators have shown that the 
deficits in sperm production associated with 
alkylating agents are often severe and irrevers-
ible. Buchanan et al. reported that even 4 years 
after treatment with cyclophosphamide, most 
patients had not yet regained spermatogenesis. 
Those patients that did resume sperm produc-
tion did so at 31  months after treatment [80]. 
Kenney et  al. studied 17 adult men who were 
treated with cyclophosphamide for childhood 
sarcomas and found that 58.8% had azoosper-
mia, whereas only 11.8% had normal semen 
parameters [81]. Likewise, multiagent regimens 
that include procarbazine usually render patients 
irreversibly infertile, leading investigators such 
as Bokemeyer et  al. to recommend alternative 
agents in its place [82].

Recently, Green et  al. established the cyclo-
phosphamide equivalent dose (CED) as a useful 
metric for future fertility prognosis in men who 
receive chemotherapy with alkylating agents [83]. 
The authors examined a cohort of 214 adult male 
survivors of childhood malignancy at a median 
21 years following therapy. They found that CED 
was strongly associated with the degree of sper-
matogenesis. The majority of men (89%) with 
CED less than 4000  mg/m2 had normospermia, 
and sperm concentration decreased with increas-
ing CED.

11.9   Antimetabolites (Includes 
5-Fluorouracil [5-FU], 
6- Mercaptopurine, 
Gemcitabine, 
and Methotrexate)

The antimetabolites interfere with DNA synthesis 
and transcription, typically resulting in revers-
ible, transient declines in sperm concentration. 
Choudhury and colleagues reported that in a rat 
model, 5-FU induced chromosomal aberrations 
in spermatogonial cells. A gradual decrease in 
the transmission of these cytotoxic changes from 
spermatogonia to sperm was noted over time, 
with the authors postulating that the damaged 
spermatogonia are gradually eliminated during 
the cycle of spermatogenesis [84]. D’Souza et al. 
reported seminiferous tubule atrophy and marked 
changes in sperm morphology using a rat model 
treated with 5-FU [85, 86]. Likewise, Sukotnik 
et al. used a rat model to demonstrate that metho-
trexate induced germ cell apoptosis and impaired 
spermatogenesis [87].

11.10   Platinum Analogs (Includes 
Cisplatin and Carboplatin)

The platinum analogs cause DNA crosslink for-
mation, and animal studies have shown that 
spermatogonia and spermatocytes are the most 
markedly affected cell types [88]. Lampe and 
colleagues reported on 170 patients with testicu-
lar germ cell cancer. Approximately 25% of the 
men were azoospermic and approximately 25% 
were oligospermic prior to initiation of therapy 
[89]. After treatment with platinum-based che-
motherapy, recovery of spermatogenesis contin-
ued over time, with approximately 50% of men 
with spermatogenesis 2  years and 80% of men 
with spermatogenesis 5  years after completion 
of therapy. For the subgroup of men with nor-
mal sperm concentrations prior to therapy, 64% 
had normal sperm concentrations at a median 
of 30  months after completion of platinum-
based  chemotherapy. These authors found a 
higher likelihood of recovery of spermatogen-
esis with carboplatin than with cisplatin therapy. 
Similarly, Pectasides et  al. reported 90% of men 
had recovery of spermatogenesis after carboplatin 
therapy for testicular germ cell tumors [90]. In a 
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multicenter, national trial in Norway, 80% of all 
men who attempted paternity following cisplatin-
based chemotherapy succeeded with a 15-year 
actuarial paternity rate of 85% [91].

11.11   Vinca Alkaloids (Includes 
Vinblastine, Vincristine, 
Vindesine, and Vinorelbine)

The vinca alkaloids, which are derived from the 
periwinkle plant, exert their antineoplastic effects 
via inhibition of microtubule formation, which 
in turn inhibits mitosis. These agents have been 
implicated in arresting spermatogenesis and in 
decreasing spermatozoa motility [92]. However, 
other investigators, such as Sjoblom et  al. and 
Aubier et  al. have demonstrated that spermato-
genesis is relatively resistant to the effects of vin-
blastine, in contrast to Arnon’s findings [93, 94]. 
Meistrich et al. examined 58 men who underwent 
vincristine and vinblastine therapy for Hodgkin’s 
lymphoma. While sperm concentration declined 
significantly within 1  month of therapy, 63% of 
men were normospermic after 4.5 months, and all 
men recovered normal spermatogenesis within 
1 year [95].

11.12   Topoisomerase Inhibitor 
Agents (Includes Doxorubicin, 
Etoposide, and Bleomycin)

Topoisomerase-inhibiting agents induce damage 
in a variety of ways, such as DNA binding, RNA 
breaks, and RNA synthesis inhibition. Bleomycin, 
one such agent, has been shown to cause chromo-
somal abnormalities in spermatogonia and sper-
matocytes in an animal study by van Buul et al. 
[96] Hou et al. evaluated the effects of doxorubicin 
in rats of various ages and found that the initiation 
phase of spermatogenesis is highly susceptible to 
doxorubicin-induced apoptosis. They discovered 
that gonocytes and early spermatogonia are most 
vulnerable to this apoptosis, leading to a decline 
in the number of germline stem cells [97]. In the 
clinical setting, the distinct effects of these agents 
on spermatogenesis are difficult to discern, as 
they are typically administered within the con-
text of multiagent regimens. Paoli et al. examined 
men treated with doxorubicin, bleomycin, vin-
blastine, and dacarbazine (ABVD) for Hodgkin’s 

lymphoma and found significant impairment in 
sperm concentration, motility, and morphology 
following treatment. However, these parameters 
all returned to pretherapy levels within 2 years of 
treatment [98].

11.13   Effects of Surgery

Surgical therapy for cancer can have a wide array 
of deleterious effects on male reproductive health. 
Consideration of these effects is imperative dur-
ing preoperative discussions with patients.

Men suffering from testicular cancer typi-
cally sustain a significant loss of overall testicular 
mass when undergoing orchiectomy, which can 
impair reproductive health due to lower overall 
germ cell mass and Leydig cell mass. This may 
lead to reduced sperm concentration and serum 
testosterone levels. Some men with testicular 
cancer may also undergo subsequent retroperi-
toneal lymphadenectomy, potentially resulting 
in anejaculation or retrograde ejaculation as a 
result of disruption of the lumbar sympathetic 
plexus and hypogastric plexus. Modified, nerve-
sparing templates for dissection have resulted in 
preserved ejaculatory function in the majority of 
these men [99, 100]. Men who undergo surgical 
treatment for colorectal cancer may also experi-
ence anejaculation or retrograde ejaculation via 
the same mechanism [101].

Men with bladder or prostate cancer who 
require extirpative surgery will suffer disrup-
tion of the genital ductal system as the prostate 
gland and seminal vesicles are routinely removed. 
Patients undergoing these procedures typically 
still produce sperm normally – it is the transport 
and delivery of sperm to the prostatic urethra 
that are disrupted. As a result, normal ejaculatory 
function, and thus fertility, is destroyed.

While erectile function may be preserved in 
over 80% of men undergoing radical prostatec-
tomy and radical cystectomy with nerve-sparing 
techniques, recovery of erections may take a year 
or more and may be incomplete [102]. With the 
advent of PDE-5 inhibitors and other therapies 
for erectile dysfunction, this problem is often 
readily treatable.

Traditional assumptions about a patient’s 
reproductive aspirations, based on age or other 
demographic traits, should be carefully consid-
ered. Changes in reproductive health are a fairly 
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common outcome of oncological surgery, and it is 
incumbent upon physicians to routinely discuss the 
potential impact of each procedure on reproductive 
health prior to initiating surgical therapy [103].

11.14   Effects of Opioids

Pain management is a critical component of can-
cer therapy. The use of opioids is often chronic 
and may involve high doses. Opioid-induced 
suppression of the H-P-G axis is well docu-
mented, and the resultant decrease in gonado-
tropins may lead to declines in libido, erectile 
function, and spermatogenesis [104]. Opioids 
also appear to have a direct role in regulation 
of male fertility via autocrine signaling [105]. 
All of these factors, individually or collectively, 
may impair fertility. Fortunately, these negative 
effects are typically reversible with cessation of 
opioid use [106].

11.15   Fertility Preservation in Male 
Cancer Patients

With improving diagnostic and therapeutic 
modalities, overall survival for most cancers has 
increased significantly over the last 75 years. For 
pediatric cancer patients, the 5-year survival rate 
is approximately 83% [107]. As the number of 
cancer survivors continues to grow, so does the 
number seeking fertility. Lehmann et  al. found 
that 80% of childhood cancer survivors expressed 
a desire for future fertility [108]. Furthermore, 
many men are waiting until later in life to start 
their first families, and others start second families 
at an older age due to divorce or death of a spouse 
[1]. As such, an increasing number of adult male 
cancer survivors will be pursuing fatherhood 
post-treatment. The end result of this phenom-
enon will be an increasing pool of patients striv-
ing to achieve parenthood in the wake of fertility 
impairing cancer treatments.

For patients, a cancer diagnosis is often dev-
astating and overwhelming. The immediate focus 
is typically on therapy and cure of the underly-
ing disease process. Thus, it is imperative that 
the treating physicians actively address the issue 
of fertility preservation as comprehensive care is 
administered to the patient. While approaches 
such as use of donor sperm and adoption are 

available to facilitate paternity in cancer survi-
vors, many patients express a strong desire to 
father biological children.

There is little room for communication break-
down when treating cancer patients. Diagnostic 
testing and therapeutic procedures in the acute 
care setting occupy large amounts of time, leaving 
very little time to address fertility preservation. 
However, cryopreservation of sperm in advance 
of cancer treatment is essential, as even one 
cancer treatment can reduce semen quality and 
induce sperm DNA damage.

Over the past decade, oncologists and profes-
sional societies have intensified efforts to improve 
discussions and treatment decisions pertain-
ing to fertility preservation. An early study by 
Zapzalka et  al. of American Society of Clinical 
Oncology (ASCO) members in Minnesota 
revealed that 100% of oncologists reported dis-
cussing fertility issues with their patients [109]. 
However, in a subsequent survey, Quinn et  al. 
reported less than half of physicians referred 
cancer patients of childbearing age for reproduc-
tive endocrinology evaluation [110]. Likewise, in 
a survey of approximately 900 cancer patients, 
Schover et  al. found that only 60% replied that 
they had been informed about fertility issues 
and only 50% had been notified about sperm 
banking [111]. These deficiencies ultimately led 
to the creation of ASCO guidelines for fertility 
preservation, which have substantially improved 
the utilization of fertility preservation over the 
ensuing decade [112, 113].

11.15.1   Fertility Preservation 
Guidelines

In 2006, ASCO published initial recommenda-
tions on fertility preservation in cancer patients 
[114]. The authors of this manuscript acknowl-
edged that application of fertility preservation 
measures is limited by several factors, includ-
ing knowledge deficits regarding fertility risks 
 associated with cancer treatments, failure to 
discuss fertility-preserving options prior to treat-
ment, lack of insurance coverage for these proce-
dures, and the investigational status of some of 
the fertility preservation techniques. The expert 
panel recommended that oncologists discuss at 
the earliest opportunity the possible risk of fer-
tility impairment associated with various cancer 
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treatments. For those patients interested in pur-
suing fertility preservation, the prompt referral 
of the patient to a qualified specialist in this area 
was recommended. Finally, the authors advocated 
for the participation of patients in clinical trials 
to advance the state of knowledge within the field 
of fertility preservation. Below, several methods 
available for fertility preservation in men are 
detailed. A helpful summary algorithm is also 
provided (. Fig. 11.1).

Since the initial publication of the 2006 ASCO 
guidelines, there have been subsequent iterations 
from ASCO, as well as formal recommendations 
and reports from other professional societies 
including the American Academy of Pediatrics, 
the American Society for Reproductive Medicine, 
and the European Society for Medical Oncology 
[112, 115–119]. These societies jointly recom-
mend that health care providers should be pre-
pared to initiate a discussion regarding infertility 
and fertility preservation with all patients carry-
ing a new cancer diagnosis. Sperm cryopreserva-
tion is considered a standard of care, and men 
should be either offered cryopreservation or 
referred to a physician that can provide the nec-
essary treatment strategies for optimal fertility 
preservation.

11.15.2   Fertility Preservation 
Program

Optimal fertility preservation requires a multidis-
ciplinary approach and is best served by establish-
ment of a formal fertility preservation program. 
The formalized program may include features 
such as educational seminars targeting both phy-
sicians and nurses, institutional awareness cam-
paigns, automated triggers within the electronic 
medical record, and patient-directed educational 
tools [120]. Sheth et al. examined the utilization of 
fertility consultations at a single institution before 
and after implementation of a formalized fertility 
preservation program. Despite stable rates of can-
cer diagnoses over time, the proportion of men 
who received a fertility preservation consultation 
increased by 2.4-fold and the proportion of men 
who underwent sperm cryopreservation increased 
2.7-fold [120]. Likewise, Lopategui et al. evaluated 
rates of sperm banking before and after estab-
lishment of a standardized oncofertility program 
in 2016. They found that sperm banking rates 
improved from 3.3% to 19.3% of all cancer patients 
after the intervention [121]. These studies suggest 
that all institutions providing care to patients with 
malignancy should consider establishment of a 

Diagnosis of Cancer

Discuss with patient potential
impact of cancer and cancer
treatments on reproductive
health.

Patient interested in fertility
preservation.

Patient submits semen sample
for analysis and
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Consider additional
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number of vials
cryopreserved and
quality

Consider
Onco-
TESE***

Azoospermic
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**No semen expelled upon ejaculation
***Oncological testicular sperm extraction (Onco-TESE)

Viable sperm
cryopreserved

No sperm No sperm

Viable sperm
cryopreserved

       . Fig. 11.1 Fertility preservation algorithm for male cancer patients
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formal fertility preservation program in order to 
optimize patient care in this realm.

11.15.3   Sperm Cryopreservation

A number of articles from the “pre-in vitro fertil-
ization” (pre-IVF) era highlighted poor outcomes 
of sperm cryopreservation, with a minority of 
semen samples provided by cancer patients being 
adequate to pursue intrauterine insemination [122, 
123]. As such, this early literature did not advo-
cate pretreatment sperm cryopreservation due to 
the low resultant pregnancy rates. Unfortunately, 
these historical outcomes still guide clinical deci-
sion making by some health care providers with 
regard to fertility preservation. With the advent of 
IVF and intracytoplasmic sperm injection (ICSI), 
literally just one sperm per oocyte is necessary to 
achieve possible fertilization and pregnancy [124]. 
Thus, even men with extremely diminished over-
all semen quality should be offered sperm cryo-
preservation, as the above assisted reproductive 
techniques can often overcome severe deficits in 
sperm production and function.

11.15.4   Overview of Sperm 
Collection Techniques

The semen collection process itself is achieved via 
masturbation. The patient should be provided a 
sterile specimen collection cup and ample time and 
privacy to produce the sample. Avoidance of lubri-
cants (such as petroleum jelly and saliva) is critical, 
as many of these substances are spermatotoxic [125].

If no ejaculate is expelled on climax, then a 
post-ejaculate urinalysis should be inspected to 
assess for retrograde ejaculation. If retrograde 
ejaculation is observed, alpha agonists may be 
administered in an effort to convert retrograde to 
antegrade ejaculation. If this is not successful, then 
alkalinization of the urine and subsequent collec-
tion and processing of the post-ejaculate urine 
sample may facilitate isolation of viable sperm.

If the patient is unable to climax, care should 
be taken to ensure that he has had ample privacy 
and time. If this difficulty persists, then consid-
eration should be given to vibratory stimulation, 
electro-ejaculation, or surgical testicular sperm 

extraction techniques, all of which have a poten-
tial role in such patients.

11.15.5   Penile Vibratory Stimulation 
and Electroejaculation

In patients with inadequate semen samples or 
those who are unable to provide a semen sample 
due to physiological, psychological, religious, ethi-
cal, or other barriers, penile vibratory stimulation 
(PVS) and electroejaculation (EEJ) may be alter-
native methods of obtaining a sample that is satis-
factory for cryopreservation.

Due to its noninvasive nature, PVS may be 
preferable to EEJ in the setting of failed mastur-
bation for cryopreservation. Schmiegelow et  al. 
reported success of PVS in the outpatient setting, 
without the use of general anesthesia. In fact, the 
patient was able to successfully self-administer 
the treatment [126]. The authors recommended 
PVS as first-line therapy prior to EEJ for this 
patient population due to its ease of use and mini-
mal morbidity.

Multiple studies have examined EEJ and cryo-
preservation in the setting of malignancy. Adank 
et al. examined 11 adolescent boys who were diag-
nosed with malignancy but unable to provide an 
adequate semen sample via masturbation prior to 
gonadotoxic therapy. They obtained adequate sam-
ples in 3 of the 11 boys who underwent EEJ, and 
they reported an overall success rate of 45% in the 
literature [127]. Berookhim et al. examined a cohort 
of adolescents and young adults with malignancy, 
reporting a success rate of 60% with EEJ [128].

11.15.6   Testicular Tissue 
Cryopreservation 
(Onco-TESE)

Azoospermia at the time of attempted sperm 
cryopreservation was noted in 13.8% of cancer 
patients by Lass et  al. in a 1998 review of their 
center’s data [129]. When the provided sample 
reveals azoospermia, surgical testicular sperm 
extraction prior to cancer treatment is an option 
[130–133]. Dubbed “Onco-TESE” (Oncological 
Testicular Sperm Extraction) by Schrader et  al., 
this procedure was successful in yielding sperm 
retrieval in 6 of 14 men with testicular germ cell 
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tumors and in 8 of 17 patients with malignant 
lymphoma [133]. Given the possible irrevers-
ible damage to germinal epithelium with cancer 
therapy and the good overall success rates with 
“Onco-TESE”, Schrader et  al. recommend that 

this procedure be considered as a means of fertil-
ity preservation in azoospermic cancer patients.

. Figure 11.2 illustrates the Onco-TESE pro-
cedure performed on a man with a solitary testis 
and azoospermia undergoing radical orchiectomy 

a b

c

e

d

       . Fig. 11.2 a The operating microscope and sterile field 
where the Onco-TESE will be performed in the foreground. 
The radical orchiectomy is being performed in the back-
ground. b The radical orchiectomy specimen has been 
bivalved to allow microsurgical inspection and dissection 
of the seminiferous tubules. Seminoma with marked 
inflammatory change infiltrated over 90% of this testis. 
The postero-inferior aspect was found to be free of tumor 

with low levels of spermatogenesis on the wet prep slide. 
c Microsurgical inspection and dissection of the seminifer-
ous tubules. Selected tubules are excised and teased to 
make a wet prep slide. d Phase-contrast microscope with 
attached video recorder and microphotograph printer for 
wet prep slide inspection in the operating room. e Wet 
prep slide of testicular tissue revealing the presence of 
viable sperm with motility. This tissue was cryopreserved
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for seminoma. Critical components of this proce-
dure include coordination of laboratory person-
nel with the operating room staff, availability of 
an operating microscope, a sterile workbench 
away from the operating field, and a phase- 
contrast microscope to inspect wet prep slides. 
Carrasquillo et  al. have described a step-by-step 
approach to Onco-TESE [134].

Outcomes following Onco-TESE have been 
reported by multiple authors with varying  success. 
Furuhashi et al. attempted Onco-TESE in six men 
with either azoospermia or severe oligospermia 
and retrieved sperm in four (66%) patients [135]. 
Two groups reported successful Onco-TESE in 
men with synchronous, bilateral testicular tumors 
[136, 137].

11.16   Future Directions  
in Fertility Preservation 
in Male Cancer Patients

Many investigational male fertility-preserving 
techniques are undergoing evaluation. Some have 
been studied more thoroughly than others, and a 
number of them offer hope as our understanding 
of male reproductive physiology grows. Several 
of these investigational techniques are briefly 
described below.

Luteinizing hormone-releasing hormone 
(LHRH) agonists have been used to achieve 
H-P-G axis suppression during chemotherapy. 
While early animal studies showed some evidence 
of gonadal protection during chemotherapy, sev-
eral human studies have been less promising. This 
approach did not lead to fertility preservation or 
hasten the return of spermatogenesis in several 
studies in men [138–141].

Testicular tissue harvesting for future auto-
transplantation has also been considered by sev-
eral investigators. Effects to date have focused 
on successful germ cell isolation and cryo-
preservation [142]. The hope is that after cancer 
treatment, the harvested germinal epithelium 
may be transplanted back to the patient with 
resumption of spermatogenesis. Alternatively, 
pluripotent stem cells derived from somatic tis-
sue might be differentiated into germ cells with 
the same ultimate goal of autotransplantation 

[143, 144]. These techniques remain investi-
gational and to date have not been effectively 
implemented in humans, though clinical trials 
are ongoing.

Testicular tissue harvesting for transplanta-
tion into immunodeficient mice is another inves-
tigational technique. Nagano and colleagues have 
demonstrated that this procedure is technically 
feasible in these mice with successful ensuing 
spermatogenesis, pregnancies, and live births. 
To date, this approach has only been successfully 
performed in animal models, but it may hold 
promise for human application, particularly in 
prepubescent boys [145, 146].

11.17   Conclusion

Fertility preservation in male cancer patients is 
an important aspect of comprehensive health 
care. As cancer diagnostic techniques and treat-
ments improve, a growing number of cancer 
survivors will continue to look past their malig-
nancy toward issues such as parenthood. In this 
chapter, we have detailed the numerous ways in 
which cancer itself and its associated treatments 
can negatively impact many aspects of normal 
male reproductive health. This underscores the 
importance of tailoring a careful discussion with 
each patient over the potential deleterious impact 
of their specific disease state and therapy prior to 
initiating treatment.

At the time of cancer diagnosis, patients and 
clinicians alike are often overwhelmed by the high 
volume of urgent tests and procedures that must 
be accomplished in a timely fashion. This situa-
tion sets the stage for a profound breakdown in 
communication between health care providers 
and patients with regard to fertility preserva-
tion. In retrospect, not only do many patients 
fail to recall discussions of fertility preservation, 
but they often harbor great disappointment and 
regret at the perceived oversight in this aspect of 
their care. Fortunately, with a proactive approach, 
fertility preservation in men is quite feasible and 
will help avoid the irreversible and permanent 
loss of reproductive capacity that accompanies 
many cancer treatments today.
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 Review Questions and Answers

 ? Q1.  What is the effect of radiation therapy 
upon spermatogenesis?

 v A1.  Radiation therapy causes dose-depen-
dent germ cell loss, which manifests 
as changes in semen analysis approxi-
mately 60–70 days following exposure. 
Sperm concentrations typically reach 
nadir at 4–6 months after therapy. 
Recovery of spermatogenesis is dose-
dependent and typically occurs within 
30 months in men receiving 2–3 Gy.

 ? Q2.  What is the best prognostic indicator for 
recovery of spermatogenesis after alkyl-
ating chemotherapeutic agents?

 v A2.  The cyclophosphamide equivalent dose 
(CED) is strongly associated with recov-
ery of spermatogenesis after therapy. 
Men with CED less than 4000 mg/m2 
are likely to have return of normal sper-
matogenesis.

 ? Q3.  Which male patients should be offered 
fertility preservation?

 v A3.  According to multiple guidelines and 
recommendations, providers should 
discuss fertility preservation with all 
male patients who have a new diagno-
sis of malignancy. Establishment of a 
formal fertility preservation program 
can ensure optimal utilization of fer-
tility preservation consultations and 
cryopreservation prior to initiation of 
therapy.

 ? Q4. What is Onco-TESE?

 v A4.  Oncological testicular sperm extrac-
tion (Onco-TESE) is the microsurgical 
extraction of sperm from the testis 
prior to initiation of therapy for malig-
nancy. Onco-TESE should be considered 
in men who are unable to provide a 
semen sample or in whom azoospermia 
is present.
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Key Points
 5 Ovarian reserve testing is a surrogate 

marker of fertility potential developed 
and evaluated in women undergoing 
ovarian stimulation.

 5 Anti-Mullerian Hormone (AMH) is prom-
ising as an ovarian reserve marker in 
girls receiving cancer therapy, but many 
questions remain unanswered.

 5 AMH levels can be impacted by many 
clinical parameters including current 
hormonal contraception, GnRH agonist 
therapy, and cancer therapy.

12.1   Background

Female cancer survivors are known to be at risk for 
decreased fertility and early menopause. Fertility 
is defined as the ability to produce young [1–3]. 
Conversely, infertility is defined by the failure to 
achieve a clinical pregnancy after 12  months or 
more of regular unprotected sexual intercourse 
[4]. Having pregnancies thus would be the best 
measure of fertility. Using pregnancies as a mea-
sure of fertility, however, limits one to wait until 
a childhood cancer survivor has grown into an 
adult and has attempted to get pregnant. Even 
among adults, not all adult women attempt to get 
pregnant. Thus, surrogate measures of fertility are 
necessary to assess the effect of chemotherapy/
radiation/surgery on fertility.

Most cancer survivors experience infertility 
due to direct effects of treatment on the ovary or 
testes. The initial number of follicles in humans 
is established in utero at 5 months gestation with 
approximately ten million primordial follicles. 
This number of follicles (or ovarian reserve) 
diminishes in utero and after birth to nearly 
500,000 at menarche and continues to decline 
thereafter until these fall below a certain thresh-
old and menopause appears [5]. Ovarian reserve 
is the concept that views reproductive potential as 
a function of the number and quality of oocytes. 
Radiation and other gonadotoxic agents are 
thought to affect the number of follicles by pos-
sibly accelerating this process of attrition [2, 6–8]. 
The effect of treatment on an individual patient’s 
ovarian reserve depends on many factors includ-
ing the age at the time of gonadotoxic treatment, 

the type and dose of therapy, genetic factors, pre-
vious illnesses, and prior infertility. It is impor-
tant to note that even before menopause (or the 
cessation of menses) is noted, the number and/
or quality of the follicles may preclude pregnancy 
[9]. Infertility may be caused by decreased ovar-
ian reserve or sperm production, but other causes 
such as tubal, uterine, and cervical factors may 
influence fertility. Thus, surrogate measures of 
ovarian or testicular reserve do not fully measure 
fertility potential.

12.2   Assessing Ovarian Reserve

There are several markers that have been used to 
assess ovarian reserve (OR). It should be noted, 
however, that most of the research regarding these 
markers has been performed in healthy ovarian 
aging and women seeking treatment for infertility, 
and debate still remains regarding the ability of 
these markers to predict oocyte quality, quantity, 
and fecundity in healthy women. Furthermore, it 
is important to note that these tests are “screen-
ing” tests that would be helpful only if they predict 
ovarian reserve prior to menopause or ovarian 
insufficiency [6]. Thus, these markers may not 
be good measures of fertility for young women 
treated with gonadotoxic agents [10].

12.2.1   Menstrual Cycles

In 2006, the American College of Obstetrics and 
Gynecology (ACOG) and the American Academy 
of Pediatrics (AAP) issued a Committee Opinion 
stating that the menstrual cycle is a vital sign, 
thus stressing the importance of menses [11]. The 
average age of menarche in the western world 
declined rapidly in the last two centuries but 
has been stable since the 1950s in the developed 
world. Normal menstrual cycles in young females 
include a median age of menarche of 12  years, 
mean cycle interval of 32  days with a range of 
21–45  days, and flow length of 7  days. Primary 
amenorrhea is defined as the absence of menses 
by age 15, and secondary amenorrhea has been 
defined as the absence of cycles for more than 
6 months [11]. Early menopause has been defined 
as cessation of menses prior to age 40, and the 
average age of menopause in the United States is 
51. Adult female survivors of childhood cancers 

 Y. Gosiengfiao and V. Gomez-Lobo



147 12

have been noted to have earlier age of menopause 
and a higher rate or premature menopause than 
the general population [3].

The presence or absence of menses has tra-
ditionally been used as the primary measure of 
fertility and ovarian function in cancer survivors, 
but it should be noted that there are many com-
mon causes of amenorrhea including pregnancy, 
polycystic ovary syndrome, structural issues 
(scarring of the uterus), and disturbances of the 
central gonadotropin-releasing hormone pulse 
generator. These disturbances are often referred 
to as hypogonadotropic hypogonadism and may 
be caused by significant weight loss, strenuous 
exercise, substantial changes in sleeping or eating 
habits, as well as severe stressors [11]. For exam-
ple, a young cancer survivor may have absence of 
menses due to hypothalamic disturbances caused 
by the stress of treatment or ovarian insufficiency 
due to gonadotoxic agents. In addition, women 
may continue to have regular menses even in the 
presence of diminished ovarian reserve (such as 
occurs in the perimenopause). Thus, the presence 
of menses is a poor predictor of ovarian reserve, 
and other markers should be used to assess OR.

12.2.2   Antral Follicle Counts 
and Ovarian Volume

Antral follicle counts and ovarian volume have 
traditionally been measured using transvagi-
nal ultrasound in adult women. Both of these 
undergo an age-related decline and are good pre-
dictors of the number of eggs that can be retrieved 
with ovarian stimulation in women undergoing 
in vitro fertilization. Antral follicle count (AFC) 
is the number of small follicles (2–9 mm) that are 
observed in both ovaries during the early follicu-
lar phase of the cycle [6]. AFC is noted to have 
good inter-cycle and inter-observer reliability 
and thus is considered promising as a screening 
test for ovarian reserve. Again tests revealing low 
AFC (three to six total antral follicles) correlate 
with poor response to ovarian stimulation but 
do not reliably predict failure to conceive [6]. 
Ovarian volume in general correlates with a num-
ber of follicles but has been noted in some stud-
ies to have poor inter-cycle reliability [6]. Though 
inter- observer variability can be minimized with 
the use of three-dimensional sonography, this test 
is poor at predicting diminished ovarian reserve 

[6]. In children, AFC and ovarian volume can be 
performed transabdominally but requires a radi-
ologist skilled in this technique and has not been 
well studied in this age group. Thus, antral follicle 
counts may help in predicting decreased ovar-
ian reserve but deserves further study in cancer 
populations and children.

12.2.3   Endocrine Hormones

Biochemical tests for ovarian reserve in adult 
women include basal measurements such as 
follicle- stimulating hormone (FSH), estradiol, 
inhibin B, and anti-Mullerian hormone as well 
as stimulated tests such as the clomiphene citrate 
challenge test [6]. The latter cannot be performed 
in children, but the former should be further 
studied.

12.2.4   Follicle-Stimulating Hormone 
(FSH), Inhibin B, and Estradiol

FSH is secreted by the pituitary in order to 
stimulate follicular growth and varies through-
out the menstrual cycle. When ovarian reserve is 
decreased, FSH begins to rise earlier in the cycle 
and lead to earlier follicular growth and increase 
in estradiol concentrations. As follicles further 
decrease in number, the FSH continues to rise and 
estradiol levels fall. Inhibin B is secreted by pre-
antral follicles, and as follicles decrease, so does 
inhibin B, which in turn lowers central nervous 
system feedback and thus further increases FSH 
[12–14].

Serum FSH assays have significant inter- and 
intra-cycle variability; the absolute values differ 
depending on which one is used, and the sensi-
tivity in identifying poor responders to ovarian 
stimulation in women varies widely [6]. In addi-
tion, children have low FSH due to hypothalamic 
suppression. It should be noted that in spite of 
these limitations, consistently high levels of FSH 
are predictive of diminished ovarian reserve, and 
repeated levels above 40  IU/L are diagnostic for 
premature ovarian insufficiency or menopause 
[6]. Estradiol assays also have poor intra- and 
inter-cycle variability, and basal levels do not 
differ between women with and without dimin-
ished ovarian reserve [6]. Furthermore, in prepu-
bertal children, estradiol levels are also low due 
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to hypothalamic suppression. Inhibin B has also 
been noted to not be a reliable measure of ovarian 
reserve. Thus, the use of FSH, inhibin B, and estra-
diol levels in assessing fertility potential of cancer 
patients is limited by variation with the menstrual 
cycles, poor sensitivity, and the low to undetect-
able levels in prepubertal children. Furthermore, 
combined ovarian reserve test models have not 
been shown to be superior to single tests in pre-
dicting ovarian reserve [6].

12.2.5   Anti-Mullerian Hormone 
(AMH)

AMH is a hormone produced by the granulosa 
cells, which acts as a follicular gatekeeper and is 
independent of FSH or gonadotropin. This marker 
is an indirect marker of antral follicle counts and 
thus ovarian reserve [15]. In childhood and ado-
lescence, there is a complex rise in AMH level, 
which likely reflects the different stages of follicle 
development. It then peaks in a woman’s early 20s 
before declining to menopause, correlating posi-
tively with nongrowing follicle recruitment [16].

Interest in the use of AMH as a measure of 
ovarian reserve to measure the gonadotoxic effect 
of chemotherapy/radiotherapy is growing, espe-
cially for children in whom FSH and inhibin B 
are not useful. When compared with other ovar-
ian reserve markers, AMH levels reflect changes 
in ovarian function earlier, there is less signifi-
cant fluctuation of AMH during the menstrual 
cycle, and it is highly predictive for the timing of 

menopause [17–19], suggesting that it may be the 
most useful marker for monitoring the decline 
of reproductive capacity. Moreover, serum AMH 
levels are detectable in healthy females from birth 
to menopause [16, 20], making it suitable as a 
marker even in prepubertal girls (. Fig. 12.1).

It should be noted that though studies of AMH 
screening reveal an association with poor results 
with in vitro fertilization (IVF), levels are not nec-
essarily predictive [6]. Low AMH cut points are 
associated with sensitivities in general IVF popu-
lations of 40–97% with specificities of 78–92%, 
and low levels of AMH are specific for poor ovar-
ian response but not pregnancy [6]. Furthermore, 
there are limited data correlating AMH and natu-
ral fertility at different stages of reproductive life 
and especially in children and adolescents. AMH 
assays continue to evolve, with intra- and inter-
assay variability and sample stability and storage 
issues [21]. Furthermore, several clinical fac-
tors may influence AMH levels: systemic illness, 
endometriosis, chemotherapy, current smoking, 
low vitamin D levels, and certain genetic factors 
such as BRCA1 carrier and FMR1 mutation may 
decrease AMH, and white race, polycystic ovary 
syndrome, and granulosa cell tumor may increase 
AMH [21]. It is also important to note that AMH 
decreases during cancer therapy and may recover 
thereafter [22, 23]. In a case series of 16 postpu-
bertal adolescents, more than half of patients had 
recovery of AMH levels by 18–24 months includ-
ing several with undetectable AMH immediately 
after therapy [23]. A review of 192 women begin-
ning 5 years after therapy, however, did not note 

       . Fig. 12.1 A validated 
model of serum AMH from 
conception to menopause 
[16]
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an accelerated decline in AMH thereafter when 
compared to controls [24].

Therefore, though AMH appears to be a 
promising tool, more long-term data is needed 
to ascertain the use of AMH to evaluate fertility 
preservation strategies as well as predict long- 
term ovarian function after cancer therapy.

12.2.6   Current Data on AMH 
in Children Receiving  
Cancer Therapy

In women treated with mechlorethamine, vin-
cristine, procarbazine, and prednisone (MOPP) 
chemotherapy for Hodgkin lymphoma during 
childhood, AMH was noted to be lower compared 
with healthy women and women treated without 
MOPP [25]. In a larger series of 185 childhood 
cancer survivors, although the cohort’s median 
AMH concentration was no different from 
controls, the AMH levels were lower than the 
tenth percentile of normal values in 27% of the 
survivors. Survivors treated with three or more 
procarbazine- containing chemotherapy cycles 
and those treated with abdominal or total body 
irradiation had significantly lower AMH levels 
than controls [26]. Recent studies have revealed 
low AMH in more than half of childhood cancer 
survivors with the lowest levels in those treated 
with radiation and bone marrow transplant and 
those treated for Hodgkin’s lymphoma but effects 
noted even in those receiving low-risk therapies 
[27, 28]. As stated before, in adult women and 
adolescents with cancer, AMH declines during 
treatment followed by recovery in some patients, 
with the rate of recovery determined by the pre-
treatment AMH level [23, 29].

12.2.7   Ovarian Reserve Testing 
as a Predictor of Menstrual 
Pattern and Fertility

Ovarian reserve testing to predict the risk of 
acute ovarian failure and early menopause and 
future fertility in females prior to cancer ther-
apy would allow us to better target patients for 
ovarian preservation procedures [30]. In adults, 
one small series in breast cancer survivors dem-
onstrated that inhibin B and AMH prior to ther-
apy were significantly lower in the women who 

went on to develop amenorrhea after treatment 
[31]. Similarly, in 46 adolescent and young adult 
women with a new cancer diagnosis requiring 
chemotherapy, pretreatment AMH levels were 
associated with the rate of recovery of AMH 
after treatment. Participants with a pretreat-
ment AMH level >2  ng/mL had a faster rate 
of recovery of AMH after chemotherapy com-
pared to participants with pretreatment AMH 
levels </= 2 ng/mL [29]. More recently, studies 
in breast cancer patients have provided some 
prognostic tools to predict the likelihood and 
timing of return of ovarian function after che-
motherapy [21].

In addition, the ability of ovarian reserve test-
ing to predict time to menopause and ovarian 
insufficiency on survivors who are menstruating 
would be very useful in order for them to plan 
post-treatment fertility preservation and other 
therapies [30]. In a prospective study of breast 
cancer survivors who were still menstruating, the 
patients who had cessation of menses 2 years later 
were more likely to have lower AMH and higher 
FSH at study entry [30].

Most research regarding ovarian reserve test-
ing and prediction of ovarian function after che-
motherapy have been performed in breast cancer, 
and thus, research in other types of cancer thera-
pies is needed. Furthermore, to date, there is no 
data regarding the ability of ovarian reserve test-
ing to predict the risk of premature menopause in 
prepubertal girls before therapy or in survivors of 
childhood cancer.

12.2.8   Effect of Female Hormones 
on Ovarian Reserve Testing

Many young women who receive cancer therapy 
are placed on birth control pills to regulate men-
ses or estrogen replacement therapy when ovar-
ian insufficiency is suspected. It is important to 
understand the effect of this treatment on ovar-
ian reserve testing. A study evaluating ovarian 
reserve testing in 887 healthy women, 18–46 years 
old, found that AMH, antral follicle counts, and 
ovarian volume were all significantly decreased 
in oral contraception users when compared to 
nonusers [32]. In a small study comparing young 
cancer survivors on birth control pills with con-
trol women on the pills during the 3rd week of 
pills (while taking active pills), there were no 
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differences noted in FSH, inhibin B, estradiol, or 
AMH, but the AFC was lower in the cancer survi-
vors [33]. Furthermore, AMH levels may change 
with GnRH agonist administration, which is often 
used during cancer treatment to suppress menses 
or for possible ovarian protection [34].

Several studies have evaluated ovarian reserve 
testing during the placebo or pill-free week com-
paring survivors with spontaneous menses and 
those on birth control pills. Results from these 
studies are contradictory, use small samples, and 
compare populations exposed to cancer therapy 
to each other and not healthy age-matched con-
trols [25, 35]. In addition, there are no studies 
which evaluate whether ovarian reserve testing in 
women on female hormones is predictive of men-
strual function or fertility.

12.3   Conclusions

Ovarian reserve testing has been extensively 
studied in healthy women who seek infertility 
treatment but not in young girls receiving can-
cer therapy. This population would benefit sig-
nificantly from rigorous data regarding ovarian 
reserve testing, which may predict their risk of 
early menopause and assess the risk and benefits 
of fertility preservation options. Research in this 
population is limited by the fact that the numbers 
of girls at individual institutions are low as well 
as the fact that the outcome of interest (the abil-
ity to achieve successful pregnancy) may be far in 
the future [33]. Future multicenter studies with 
collaborative efforts of reproductive specialists, 
oncologists, and patient advocates will need to be 
performed.

 Review Questions and Answers

 ? Q1.  Ovarian reserve testing refers to testing 
to evaluate the number of follicles 
remaining in the ovaries. True or False?

 v A1. True

 ? Q2.  Menstrual history is an excellent way to 
assess ovarian reserve. True or False?

 v A2. False

 ? Q3.  Of the following markers of ovarian 
reserve, which is the most promising for 
children and adolescents?
 (a) FSH
 (b) Inhibin-B
 (c) Antral Follicle Count (AFC)
 (d) AMH
 (e) Menses

 v A3. (d)

 ? Q4.  AMH results are impacted as stated 
below except:
 (a) Current chemotherapy is associated 

with decreased AMH
 (b) Birth control pills are associated 

with increased AMH
 (c) Low vitamin D is associated with 

decreased AMH
 (d) Polycystic ovary syndrome (PCOS) is 

associated with increased AMH
 (e) White race is associated with 

increased AMH

 v A4. (b)
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Key Points
 5 An unintended pregnancy during cancer 

treatment may result in delay in therapy, 
teratogenic exposure, and increases in 
general health risks.

 5 A thorough discussion of indicated 
contraceptive methods should be 
undertaken with each patient, with focus 
placed on efficacy and safety, with an 
added benefit of menstrual suppression 
for those patients with low blood counts 
and those with or at risk of bone marrow 
suppression.

 5 The CDC and WHO have published 
Medical Eligibility Criteria for 
Contraceptive Use for use by healthcare 
providers, ranking contraceptive 
methods based on a four-point scale for 
a large number of medical conditions.

 5 There is special concern for increased 
risk of DVT/PE for patients with active 
cancer that is of great importance in the 
oncology patient population.

 5 Contraceptive methods are also ranked 
by the WHO based on efficacy, with Tier 
1 most effective, long-acting methods, 
Tier 2 shorter-acting hormonal methods, 
Tier 3 barrier methods, and Tier 4 
behavioral methods.

The Centers for Disease Control and Prevention 
adapted the World Health Organization (WHO) 
guidance to create the US Medical Eligibility 
Criteria (MEC) for Contraceptive Use, 2010 
(WHO) (with updates occurring in 2011 and 
2012), for use by healthcare providers. It can be 
found in its complete form on the CDC website 
in the reproductive health section (see 
Appendix) (7 www.cdc.gov/reproductivehealth/
UnintendedPregnancy/USMEC.htm). The US 
MEC ranks contraceptive methods based on a 

four-point scale for a large number of medical 
conditions [18, 60].

Categories of medical eligibility criteria 
for contraceptive use
 1. A condition for which there is no 

restriction for the use of the contracep-
tive method

 2. A condition for which the advantages of 
using the method generally outweigh the 
theoretical or proven risks

 3. A condition for which the theoretical or 
proven risks usually outweigh the 
advantages of using the method

 4. A condition that represents an unaccept-
able health risk if the contraceptive 
method is used

The only cancers outlined specifically are ovar-
ian, cervical, breast, gestational trophoblastic 
neoplasia, and malignant hepatoma. However, 
there is a special designation under high risk of 
DVT/PE for active cancer (metastatic, on ther-
apy, or within 6  months of clinical remission, 
excluding nonmelanoma skin cancer) that is also 
of great importance in the oncology patient pop-
ulation.

The WHO also classifies contraception based 
on efficacy into four tiers [60]:

 5 Tier 1: (most effective): Sterilization, 
implants, and intrauterine devices (IUD)

 5 Tier 2: Depot medroxyprogesterone acetate 
(DMPA) and combined hormonal methods

 5 Tier 3: Barrier methods
 5 Tier 4: Behavioral methods

Below we will outline all available methods of 
contraception and discuss their efficacy, safety 
profiles, ease of use, and common side effects. We 
will also note any particular concerns in the 
oncology population (see also . Table 13.1).

 C. Zeal et al.
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13.1   Contraception

13.1.1  Behavioral methods

(a) Abstinence
 (i)  Abstinence is a wise and safe choice at 

any life stage, particularly for young 
patients who do not feel ready for a 
sexual relationship. However, absti-
nence-only programs are ineffective in 
delaying sexual debut or in reducing 
sexual risk behaviors among teens who 
are already sexually active [21, 36, 57]. 
Comprehensive sexual education has 
been shown to significantly decrease 
teen pregnancy rates, increase age at first 
intercourse, and significantly increase 
the likelihood of contraception use at 
first intercourse [21, 36, 46]. Therefore, 
although a patient who notes abstinence 
as their form of contraception should be 
encouraged to continue, sexual health 
should always be part of the discussion.

(b) Noncoital sexual behaviors
 (i)  Noncoital sexual behavior includes 

mutual masturbation, oral sex, and anal 
sex. It is a common expression of 
sexuality. The National Survey of Family 
Growth found that 42.4% of females aged 
15–19 years have had oral sex with an 
opposite-sex partner [1]. Noncoital sexual 
behavior commonly coexists with coital 
behavior. Although there is little risk of 
pregnancy with strictly noncoital 
activities, given this association, contra-
ceptive discussion is warranted. Sexually 
transmitted infections can be transmitted 
through noncoital sexual activity, and 
patients should be strongly counseled 
regarding safe sexual practices [11].

(c) Coitus interruptus/withdrawal method
 (i)  This method involves the withdrawal of 

the penis from the vagina and away from 
the external genitalia prior to ejaculation. 
It is mentioned here as a point of discus-
sion, as it is practiced widely, with 60% of 
adolescent women aged 15–19 years 
reporting having used the method before 
[1]. The failure rate of such technique is 
high (22% with typical use), and it does 
not provide protection against sexually 
transmitted infections [28].

13.1.2  Barrier methods

(a) Male condom
 (i)  The male condom acts as a physical 

barrier, covering the penis and blocking 
the passage of sperm into the vagina. 
While it is encouraging that 97% of US 
teens age 15–19 report having ever used 
a condom for contraception, this does 
not speak to their consistency of use [1]. 
According to the 2013 youth risk 
behavioral surveillance system (YRBS), 
41% of US high school students did not 
use a condom during last sexual inter-
course [10]. All sexually active adoles-
cents should be encouraged on regular 
condom use for the prevention of 
sexually transmitted infections, including 
HIV, as well as increased contraceptive 
efficacy. In typical use, the male condom 
alone has a failure rate of 18% [28]. For 
this reason, a more reliable form of 
contraception should be counseled as 
first line.

(b) Vaginal barriers/spermicides
 (i) Female condom

1.  The female condom is a soft, loose 
polyurethane sheath with two rings, 
one on either end. One ring is placed 
in the vagina; the other is placed 
outside the introitus. These devices 
are available over the counter. 
Efficacy is poor, with a typical use 
failure rate in the general population 
of 21% [28].

 (ii) Diaphragm
1.  The diaphragm is a dome-shaped 

flexible rubber cup. Spermicide is 
applied to the dome, and the device 
is inserted into the vagina prior to 
intercourse. The diaphragm must be 
sized and prescribed by a physician. 
Once in position, it can provide 
contraceptive protection for up to 
6 h before additional spermicide is 
required. After intercourse, it 
should be left in place for at least 6 h 
but should not be left in place for a 
combined duration of longer than 
24 h due to a rare risk of toxic shock 
syndrome. The diaphragm has a low 
efficacy rating with typical use 
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failure rates of 12%. It is not 
typically suggested for adolescents 
given lower efficacy rate and 
difficulty of use. However, this may 
be a good option in a very select 
subset of patients with hormone-
sensitive cancers and an aversion or 
contraindication to the copper 
intrauterine device (IUD) [28].

 (iii) Spermicides
1.  Spermicidal gels, creams, and foams 

are available for use with the 
diaphragm but can also be used 
individually for contraception. 
Spermicidal suppositories can be 
used alone or with condoms. 
However, efficacy is low with a 
typical failure rate of 28% when used 
alone for contraception [28]. Given 
the difficulty of correct usage and 
high failure rate, we would not 
commonly recommend this method 
for use in the adolescent population. 
However, it may be useful in the 
subset of patients for whom the 
diaphragm would be indicated.

13.1.3   Estrogen-containing 
contraceptives

The current options for combined estrogen and 
progestin contraceptive methods are the oral pill, 
the transdermal patch, and the vaginal ring (PPR). 
There are many noncontraceptive benefits of 
using a combined regimen, including, but not 
limited to, the regulation of menstrual cycles and 
treatment of menorrhagia, dysmenorrhea, acne, 
and pelvic pain [2]. These regimens have been 
shown to decrease the risk of endometrial, ovar-
ian, and colorectal cancers [5]. Modern formula-
tions have minimal change in absolute breast 
cancer risk [45]. The basic mechanisms of action 
are the same for all formulations and include both 
inhibition of ovulation and folliculogenesis and 
thickening of cervical mucus. As a class, all estro-
gen-based contraceptives are tier 2 efficacy, with a 
typical use 1st-year failure rate of 9% [28]. Long-
term continuation rates vary, though a large 
cohort study including 4708 participants reported 
continuation rates of 45–60% between pill, patch, 
and vaginal ring [22].

As a class, there is an increased risk of venous 
thromboembolism (VTE) that is dependent on 
the estrogen dose and duration and, to a lower 
degree, the type of synthetic progestin [27]. 
Although the relative risk of VTE is increased, the 
absolute risk for each individual user is low, as 
thrombosis is a rare event in the healthy young 
female population that commonly uses this con-
traceptive method. However, these combined 
regimens may pose a higher risk of VTE if patients 
are not carefully selected [28].

For the malignant diagnoses specifically listed 
in the MEC, PPR are noted as a category 4 (unac-
ceptable risk) only for current breast cancer and 
malignant liver tumor. However, the relationship 
to elevated DVT/VTE risk (active cancer, or 
within 6 months after clinical remission, exclud-
ing nonmelanoma skin cancers), is also noted as 
MEC category 4. They are classified as a category 1 
for ovarian cancer, endometrial cancer, and gesta-
tional trophoblastic disease and a category 2 for 
cervical cancer awaiting treatment. It is important 
to take the overall medical condition into consid-
eration, as other conditions such as obesity, 
hyperlipidemia, diabetes, and liver and renal fail-
ure may be part of the medical history in chroni-
cally ill children. Similarly, it is important to note 
that any patient with a complicated solid organ 
transplant is not a candidate for estrogens (cate-
gory 4), but for an uncomplicated transplant 
patient, estrogen-containing contraceptives are 
considered a category 2.
(a) Pills
 (i)  Combined oral contraceptive pills (COCs) 

are available in a wide variety of formula-
tions. The choice of the pill should be 
determined by the patient and physician 
based on gynecologic, sexual, and medical 
history, as well as patient preference. 
COCs are taken daily and depending on 
the cycling pattern chosen can be given 
between 21 and 90 days with a 4 to 7-day 
hormone-free interval for withdrawal 
bleeding. The use among adolescents is 
popular, with 56% of sexually active US 
teens 15–19 endorsing ever use of COCs 
to prevent pregnancy [1]. However, 
compliance and continuation may prove 
challenging in this age group.

(b) Patch
 (i)  The contraceptive transdermal patch is a 

thin, flexible patch with norgestimate 
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and EE, which is provided at a higher 
dose than the standard 35 mcg COC 
formulations. Due to this dosage, there is 
a theoretical increased risk of VTE with 
patch, though data demonstrating the 
risk is conflicting [58]. The patch is 
applied to the buttocks, upper arm, 
lower abdomen, or upper torso and 
changed once weekly for 3 weeks, 
followed by a hormone-free week for 
withdrawal bleed. In some studies, the 
patch appears to enhance consistent and 
correct use as compared to COCs; 
however, their overall continuation rates 
and failure rates are similar. Patch users 
may note a transient skin reaction and 
more initial breakthrough bleeding than 
COC users; the latter effect improves 
with use. Patients greater than 90 kg may 
have a higher risk of pregnancy when 
using the patch [28, 56].

(c) Ring
 (i)  A soft, transparent flexible ring that 

releases 120 mcg of etonogestrel (a 
major metabolite of desogestrel) and 
15 mcg of EE daily. Although cases of 
VTE have been reported in vaginal ring 
users, the serum EE levels are twofold 
and threefold lower than those found in 
35EE COCs and the birth control patch. 
However, there have been studies 
linking the progestin component of the 
ring to an increased risk of VTE 
[28, 58].

The ring is placed vaginally once every 
28 days, with the last 7 days being a 
ring-free timeframe to allow for with-
drawal bleeding. In theory, the ease of 
once-monthly use should improve patient 
compliance and improve method success 
rates. However, in randomized compara-
tive trials, the ring and COCs showed 
similar compliance and continuation 
rates. The vaginal ring has excellent cycle 
control, even in the first few cycles. It can 
be removed for up to 3 h without compro-
mising effectiveness and is safe to use with 
tampons or during intercourse. The most 
commonly reported side effects are 
headache and vaginal wetness [28].

13.1.4  Progestin-only contraceptives

All of the progestin-only contraceptives are 
approved for patients at higher risk of deep venous 
thrombosis and pulmonary embolism (DVT/PE), 
such as patients with active or history of malig-
nancy (MEC category 2) [18]. They are not associ-
ated with an increased risk of high blood pressure 
or cardiovascular disease. An added benefit is 
menstrual lightening or suppression, to different 
degrees depending on the formulation used. The 
only absolute contraindications to progestin-
based medications are pregnancy and a personal 
history of hormone-dependent breast cancer. 
Progestin-only contraception may be provided as 
an oral medication, injectable form, or implant. 
Their mechanisms of action for contraception are 
through increased viscosity of cervical mucus, 
ovulatory suppression, and endometrial thinning.
(a)  Progestin-only pills (norethindrone 35 mcg)
 (i)  This regimen’s efficacy depends on 

compliance with a typical use failure rate 
in the general population of 9% [28]. 
Medication should be administered at the 
same time or within 3 h every day, 
making it less than ideal for adolescents. 
Up to 10% of users will develop amenor-
rhea after 1 year of use, but 40% experi-
ence irregular cycles [63]. Side effects are 
uncommon but may include break-
through bleeding, headaches, nausea, 
acne, and breast tenderness. The risks are 
minimal [28].

(b)  Injectable contraceptive (depot medroxypro-
gesterone acetate (DMPA))

 (i)  DMPA is most commonly given as a 
150 mg intramuscular injection, admin-
istered every 12 weeks. It is also available 
in a 104 mg subcutaneous injection with 
identical dosing intervals [28]. Its 
efficacy relies on compliance with a 
typical use failure rate in the general 
population of 3–6% [28]. Up to 50% of 
users will develop amenorrhea after 
1 year of use [63]. Side effects include 
initial breakthrough bleeding, weight 
gain, headaches, nausea, breast tender-
ness, acne, and mood disorder [28].

In 2004, the FDA issued a black box 
warning stating that prolonged use of 
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DMPA may result in significant loss of 
bone mineral density (BMD). 
Following this event, the WHO 
collected expert reviews concluding 
that DMPA is associated with a risk of 
reversible BMD reduction during 
treatment, which has not been proven 
to increase fracture risk [15]. The 
American College of Obstetricians and 
Gynecologists (ACOG) released a 
Committee Opinion stating that 
healthcare providers should inform 
women and adolescents considering 
initiating DMPA or continuing to use 
the method about the benefits and the 
risks of DMPA and should discuss the 
FDA “black box” warning. However, 
the effect of DMPA on BMD should not 
prevent practitioners from prescribing 
DMPA or continuing use beyond 
2 years [15]. The use of routine DXA 
scans or supplemental estrogen was not 
recommended in adolescent and young 
adult populations taking 
DMPA. However, discussing and 
recommending long-acting reversible 
contraception (LARC) methods that 
both are more efficacious and have no 
effect on BMD were suggested [15, 28].

DMPA has some theoretical associa-
tion with a possible increased risk of 
deep venous thrombosis and pulmonary 
embolism, although benefits usually 
outweigh this risk in women with active 
cancer [17, 18, 49].

On average, patients on DMPA have 
a weight gain of less than 2 kg per year 
[8]. However, it has also been shown 
that certain populations, such as those 
that are obese or more sedentary, are 
more at risk for weight gain with DMPA 
[9, 37].

(c)  Long-acting reversible contraception 
(LARC)
LARC methods are the most effective birth 
control methods with a failure rate of <1%. 
In September 2014, the American Academy 
of Pediatrics (AAP) published a new recom-
mendation stating that the first-line 
contraceptive choice for adolescents who 

choose not to be abstinent should be a 
LARC method. ACOG has similarly 
recommended LARC for adolescents [14]. 
Their safety and efficacy in adolescents have 
been well demonstrated, and these methods 
are recommended for teenagers [12, 14, 20].

LARCs include intrauterine devices 
(IUD) and the contraceptive implant. In the 
Contraceptive CHOICE project, all contra-
ceptive options were counseled and provided 
to participants at no cost for the duration of 
the 2 to 3-year project. Seventy-five percent 
of participants in the CHOICE project chose 
LARC methods; this is astounding compared 
to the national average of 8.5% at the time 
[55]. Adolescents chose LARC at similar 
rates to their adult counterparts (69–71%); 
however, the younger adolescent population 
appeared to favor the etonogestrel implant 
system [42]. A more recent analysis of the 
CHOICE project evaluated contraception 
continuation in teenagers and young women 
and demonstrated high rates of continuation 
and satisfaction with LARC, similar to that 
in the older adult population [24, 53]. It has 
also been shown that adolescents are more 
likely to continue LARC than non-LARC 
contraceptive methods [20]. The continua-
tion rate of LARC methods in teenagers and 
young women has been shown to be 81% 
[53]. However, the use of these devices 
continues to be low, with only 6% of sexually 
active teens 15–19 years old reporting ever 
use of LARC methods in themselves or their 
partner [1].

 (i) Contraceptive implants
The subdermal rod, marketed currently 
as Nexplanon, measures 4 cm by 2 mm 
and has a constant release of etonoges-
trel. It is currently approved for contra-
ception at 3-year duration. The device is 
inserted superficially in the upper arm 
during a simple office procedure by a 
trained physician or licensed provider 
requiring only local anesthesia [40]. The 
risks of the procedure are rare but 
include bleeding, hematoma, and 
infection. The main side effects are 
irregular, unpredictable vaginal bleed-
ing (50%), acne (12%), headaches 
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(16%), weight gain (12%), and mood 
disturbance (6%). About 11% of 
patients become amenorrheic after 
1 year of use [19]. Removal requires a 
second small office procedure with local 
anesthetic and a small incision with 
similar risks.

Continuation rates have been shown 
to be higher than 80% after 1 year of use 
in one study [53]. Other studies have 
found higher discontinuation rates aver-
aging 35%, with persistent bleeding 
irregularities cited as the most frequent 
reason for discontinuation [19].

 (ii) Levonorgestrel IUDs (LNG-IUD)
This device comes in several formula-
tions with various dosages of levonorg-
estrel, including Mirena (52 mg), Liletta 
(52 mg), Kyleena (19.5 mg), and Skyla 
(13.5 mg). All of these options are 
T-shaped and contain levonorgestrel in 
the barrel. They are inserted into the 
uterine cavity through the cervix using a 
speculum and indicated instruments. 
This is a simple office procedure in most 
instances.

The most commonly used LNG-
IUD contains 52 mg of LNG and is 
marketed as Mirena with FDA 
approval for 5 years. Liletta has the 
same dose and is now also FDA 
approved for 5 years. Mirena releases 
LNG at a rate of 20 mcg/day for the 
first 5 years of use and gradual decrease 
to 10–14 mcg/day thereafter. Recent 
studies suggest extended efficacy to 
7 years [39, 54]. Liletta releases LNG at 
a rate of 18.6 mcg/day for the first 
3 years, with the rate decreasing to 
13 mcg/day thereafter [25]. There are 
ongoing studies of Liletta with plans to 
apply for an extended approval for 
7 years. The main risks are IUD 
expulsion (6%) [53] and uterine 
perforation (1/1000) [30]. It is impor-
tant to clarify that overall, IUD use in 
teenagers is encouraged and that it 
does not increase the risk of PID, 
sexually transmitted infections (STI), 

or infertility [34]. Cervical screening 
for chlamydia and gonorrhea should be 
performed on all women at high risk 
for STIs, including all adolescents. Side 
effects of the LNG IUD are minimal 
but include limited irregular vaginal 
bleeding, acne, headaches, and mood 
disturbance. Other benefits include 
menstrual lightening (up to 90% of 
flow) or suppression (in 50% of 
patients at 24 months of use), allevia-
tion of dysmenorrhea and pelvic pain, 
and reduction of the risk of endome-
trial cancer. There is limited evidence 
for or against IUD use in cancer-
related immunocompromised patients; 
however, the CDC and WHO both 
support its use and are reassuring 
about its safety based on other types of 
immunocompromised patient data 
[18, 60].

A lower-dose levonorgestrel IUD 
became available in the United States in 
2013, marketed as Skyla. This IUD 
contains 13.5 mg of levonorgestrel, 
which is initially released at a rate of 
14 mcg/day that decreases to 5 mcg/day 
over its approved 3-year duration of use. 
It has a slightly smaller size and 
diameter, which theoretically may make 
it more suitable for placement in certain 
populations with a small uterine cavity 
or cervical stenosis. The low-dose 
levonorgestrel IUD is not currently 
approved for the treatment of menor-
rhagia and has a lower likelihood of 
amenorrhea (13% vs. 24%) compared 
with the higher-dose IUD [29, 33, 59, 
62, 63].

Similarly, Kyleena contains 19.5 mg 
of levonorgestrel and is approved for use 
for pregnancy prevention for 5 years. 
Initially 17.5 mcg/day of levonorgestrel 
is released from the device, which 
gradually decreases to 7.4 mcg/day [33]. 
This is similarly marketed to a particu-
lar patient population with a smaller 
diameter, though with longer duration 
of action.
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There is limited data on IUD use in 
patients with immunosuppression 
secondary to malignancy; however, 
there is available data from other 
high-risk populations (HIV positive, 
systemic lupus, and renal transplanta-
tion), suggesting that IUDs can be safely 
utilized in this population [49].
Overall, the levonorgestrel IUDs have 
been proven to be a highly effective birth 
control method that is both beneficial 
and safe. Nonsexually active teenagers 
and young adults usually tolerate 
insertion in the office well. Several 
studies have looked at pain management 
of office IUD insertion, and this choice is 
patient and provider dependent [3, 6, 47, 
48]. In patients who are unable to 
tolerate in-office placement, such as 
those with special needs, the IUD can be 
placed under sedation or general 
anesthesia.

13.1.5  Nonhormonal LARC

(a) Copper IUD
The copper IUD, marketed in the United 
States as Copper T 380A (ParaGard), is 
approved for a duration of 10 years. It is the 
only highly effective nonhormonal contra-
ceptive method, with a perfect and typical 
use failure rate of less than 1% [28]. A variety 
of different copper IUD types are available in 
other countries; in Canada, for example, the 
Mona Lisa N, Mona Lisa 5, and Mona Lisa 
10 are each approved for 3, 5, or 10 years, 
respectively [7].

The Copper T 380A is a T-shaped device, 
with a thin copper wire wound around the 
stem and each arm. The copper IUD’s 
mechanisms of action include local intrauter-
ine inflammatory reaction, which creates an 
environment toxic to the sperm and ova, 
causing decreased sperm motility and 
viability and preventing fertilization primar-
ily and implantation of the embryo second-
arily and less reliably [28]. Its screening and 
insertion process and basic risks are similar 

to that of the levonorgestrel IUDs. However, 
common side effects are irregular break-
through bleeding, heavier menstrual cycles 
(up to 50%), and dysmenorrhea, all of which 
should improve with time. The primary 
benefit is providing a reliable but rapidly 
reversible birth control method. It may have 
an additive benefit in the oncology popula-
tion, as a safe and reliable form of contracep-
tion in patients with hormone-dependent 
malignancies.

13.2   Emergency Contraception

There is no single mechanism of action of emer-
gency contraception (EC) [51], as it depends on 
the time in the menstrual cycle the medication is 
taken and what method is chosen. Options for 
emergency contraception range from high-dose 
combined oral contraceptive pills (the Yuzpe 
method), single- or multidose progestin methods 
(levonorgestrel or ulipristal), or placement of a 
copper IUD.  Specific regimens can be found in 
. Table  13.2 [35] and are most effective 0–72  h 
after intercourse with moderate efficacy up to 
5 days [51]. According to the US MEC, given the 
associated complications and comorbidities of 
pregnancy and the short-term use of EC methods, 
there are absolutely no instances in which the 
risks outweigh the benefits of use [18]. Therefore, 
this option should always be considered and dis-
cussed in adolescent oncology patients. Given the 
urgency of timing for effective treatment follow-
ing unprotected intercourse, it is imperative to 
begin this conversation before the need arises, 
such as during a general sexual health discussion. 
Several barriers to the use of EC have been noted 
in adolescents including knowledge of the option 
of EC in general, understanding of the use and 
safety of the medications, and cost barriers. 
Further barriers relate to difficulty of accessing 
medications from providers and pharmacies, 
where staff may not approve of or understand the 
laws regarding EC use in younger patients [13]. It 
is important to understand the exact prescribing 
laws for EC and adolescents as they apply in your 
particular state (7 http://www.guttmacher.org/
statecenter/spibs/spib_EC.pdf).
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13.3   Survivors

It has been shown that, in general, centers caring 
for adolescent and young adult (AYA) oncology 
patients do not routinely discuss sexual health 
with their patients; therefore, survivors have lim-
ited awareness of the contraceptive options avail-
able to them [49]. Even though specific data is not 
available for unintended pregnancy among cancer 
survivors, we do know that survivors in the 15 to 
30-year-old range are more likely than their peers 
to terminate a pregnancy [26, 61]. For patients 
who have been cancer-free for at least 6 months 
and are without a history of chest wall radiation, 
hormonally mediated cancers, anemia, osteopo-
rosis, or VTE, the use of all the above-noted con-
traception options is available. Patients with a 
history of chest wall radiation are at an increased 
risk of breast cancer and may not be candidates 
for exogenous hormones; therefore, the copper 
IUD would be first line in these patients. However, 
some physicians will allow modern hormone for-
mulations, as the overall risk of breast cancer is 
low. In general, the important point to note is that 
AYA individuals with cancer need to be aware of 
their sexual health options during all stages of 

their diagnosis and treatment, and all healthcare 
providers should become comfortable with, at a 
minimum, asking the relevant questions [49].

13.4   Menstrual Regulation 
and Suppression

Adolescent and young adult oncology patients are 
at a particularly elevated risk of menorrhagia (heavy 
menstrual bleeding) directly from hematologic 
malignancy or secondarily related to treatment-
induced thrombocytopenia. In other adolescent 
oncology patients, with normal menstrual flow and 
previous anemia or bothersome dysmenorrhea, 
providing relief of menstrual-related symptoms 
may also be a crucial aspect of management [16]. 
Gynecologists may be asked to consult on patients 
prophylactically prior to initiation of treatment to 
determine a menstrual suppression plan or in times 
of acute hemorrhage [16]. Options for medical 
management differ in these situations and are dis-
cussed below and reviewed in . Table 13.3.

Certain factors should be considered in oncology 
patients separate from general menstrual suppres-
sion in other populations. One major issue includes a 
severe decrease in platelet levels, which may impair 
use of medications with initial breakthrough bleed-
ing or use of intramuscular injections due to an ele-
vated risk of hematoma formation. Clinicians should 
also carefully review the individual patients’ VTE 
risk prior to consideration of hormonal therapy, 
especially estrogen-based medications. The overall 
aim of treatment is for high efficacy with minimal 
risk of harm [16, 43]. As discussed above, providers 
should be open with adolescents and young adults 
on their need for contraception and consider this in 
their choice of menstrual suppression options.

13.4.1   GnRH Agonist

GnRH agonist for the purpose of menstrual sup-
pression is most commonly given as an injectable 
intramuscular (IM) medication, which offers a high 
amenorrhea rate (73–96%) [52]. This medication 
has been proven to be superior to DMPA in prevent-
ing moderate to severe bleeding in young women 
undergoing myelosuppressive chemotherapy with 
subsequent severe thrombocytopenia [41]. In 
patients with severe thrombocytopenia in whom IM 
injections are contraindicated secondary to concern 

       . Table 13.2 Emergency contraception 
treatment regimens

Method Dosing Efficacy

Estrogen 
plus 
progestin 
(Yuzpe 
regimen)

100–120 mcg ethinyl 
estradiol plus 
500–600 mcg 
levonorgestrel in 
each dose, given 
twice, 12 h apart

47–89% 
preg-
nancy 
preven-
tion

aLevonorg-
estrel

0.75 mg given twice, 
12 h apart, or 1.5 mg 
given as a single 
dose

59–94% 
preg-
nancy 
preven-
tion

Ulipristal 30 mg dose orally ×1 98–99%

Copper 
intrauterine 
device

Inserted within 120 h 
after intercourse

At least 
99%

EC is best used as soon as possible after unpro-
tected intercourse
aUse up to 72 h after unprotected intercourse. All 
other methods use up to 120 h after unprotected 
intercourse [49]
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for hematoma, subcutaneous and intravenous regi-
mens of leuprolide have been described and are usu-
ally given until return of platelet count to a level that 
is safe for regular intramuscular injection regimen. 
Specific regimens are listed in . Table 13.3 [16].

Breakthrough bleeding for the first 2–3 weeks 
after initial injection is common as a result of the 
initial increase in FSH and LH secretion. At 
roughly 2 weeks, a hypogonadal effect is achieved 
through receptor downregulation. Due to this 
“flare effect,” it is recommended to start GnRH 
agonist therapy prior to myelosuppressive therapy 
preferable at least 4 weeks before expected throm-
bocytopenia [16]. Another potential benefit to 
ovarian suppression with GnRH agonists that has 
been widely discussed is a decreased risk of prema-
ture ovarian failure in patient undergoing gonado-
toxic chemotherapy, though data is mixed [31]. 
Due to this, current guidelines recommend 
patients be informed that there is insufficient evi-
dence showing that ovarian suppression via the 
use of GnRH analogs protects fertility and that this 
should not be relied upon for this indication [38].

Possible side effects of treatment are hot flushes, 
insomnia, joint pain, weight gain, and mood dis-
turbance. The main risks of GnRH agonists are a 
decrease in bone mineral density (BMD) and local 
contusion or hematoma at the injection site [16]. 
Consideration should be given for immediate add-
back therapy to prevent vasomotor symptoms and 
negative impact on BMD.  Options of add-back 
therapies include norethindrone acetate 5–10 mg 
daily or very low-dose estradiol with progestin. 
Norethindrone acetate is a progestin with estro-
genic action, which has been shown to be as effec-
tive as low-dose estradiol in the prevention of 
decreasing BMD and vasomotor symptoms, with-
out an increased thromboembolic risk [23].

Due to its side effect profile and potential 
effects on BMD with long-term use, it is recom-
mended that menstrual suppression using GnRH 
agonists be limited to the duration of chemother-
apy treatment and/or while patients remain at 
elevated risk for anemia secondary to treatment 
or malignancy [50].

13.4.2   Estrogens

In patients with malignancy, estrogen-based 
medications can increase the risk of deep venous 
thrombosis and pulmonary embolism. However, 

women with prolonged heavy menstrual bleeding 
and elevated risks from continued and worsening 
thrombocytopenia may benefit from estrogen 
medications for endometrial stabilization, partic-
ularly in the acute setting. Commonly used  
estrogen-only regimens for treatment of acute 
heavy menstrual bleeding are listed in . Table 13.3 
[16]. Due to the above-noted risks, providers 
should evaluate each patient’s individual risk fac-
tors for VTE in conjunction with ongoing men-
strual bleeding risks to determine the best 
management strategy. In all patients, providers 
should attempt to limit the duration and dose of 
estrogen medications to the minimum required 
for menstrual bleeding control with timely transi-
tion to lower risk medications.

In addition, it is important to consider that 
patients are likely to experience nausea and eme-
sis during the course of their malignancy and 
treatment, which may be exacerbated by estrogen 
regimens. Therefore, regimens are often utilized 
in combination with an antiemetic [43].

13.4.3   Combined Hormonal 
Contraception (CHC)  
(Pill, Patch, Ring)

As noted above, the use of estrogen-based thera-
pies for acute heavy menstrual bleeding manage-
ment and preventative menstrual suppression 
must weigh the need for the treatment of vaginal 
bleeding concerns and its sequela with the elevated 
risk of thromboembolism in patients with active 
treatment of malignancy. In patients whom estro-
gen-based medications are deemed safe, the use of 
higher dose regimens of combined oral contracep-
tives has been shown to decrease moderate to 
severe vaginal bleeding within 48 h. However, this 
may be less effective than estrogen alone due to 
progestin inhibition of estrogen receptor synthesis, 
increased estradiol dehydrogenase, and less endo-
metrial proliferation induction via estrogen [43].

Combined hormonal contraceptives can also be 
taken in extended regimens without taking the 
hormone-free intervals for long-term preventative 
menstrual suppression. About 88% of women noted 
light bleeding to amenorrhea after 1  year of use. 
There is an increased risk of breakthrough bleeding 
with these protocols with suggestion to stop hor-
monal pills for roughly 5 days when breakthrough 
bleeding occurs to allow for withdraw bleed  
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[16, 44]. Common regimens for acute and preven-
tative CHC protocols are listed in . Table 13.3.

Although data and recommendations are 
somewhat limited for the use of estrogen-based 
medications in patients with malignancy, the risk 
of VTE should not be understated. Given these 
risk-benefit considerations, CHCs are rarely used 
for this indication in this specific population, and 
data is limited regarding an ideal choice of agent. 
As there are other highly efficacious methods for 
menstrual suppression and/or contraception 
available, it is our practice to utilize other meth-
ods (GnRH agonists, progestin-only methods) as 
first line in this patient population. Careful con-
sideration between gynecology and oncology 
teams is recommended on a case-specific basis.

13.4.4   Progestin-Only Pills

In patients who cannot or should not utilize 
estrogen-based medications, progestin-only pills 
(POP) can be given in various formulations and 
dosages for both acute menstrual bleeding and 
for long-term menstrual lightening or suppres-
sion. Amenorrhea is achieved in 76% of patients 
in 3 days compared to 88% with COCs, with less 
risk of VTE than estrogen-based medications 
[4]. Possible side effects are acne, weight gain, 
headache, lipid profile changes, and mood dis-
turbance and are dose dependent. Commonly 
used regimens are listed in . Table  13.3 [4, 16, 
43]. Only norethindrone 0.35 mg is approved for 
use as a birth control method, and it has a docu-
mented amenorrhea rate of 10% [7].

13.4.5   Depot Medroxyprogesterone 
Acetate

This injectable hormonal contraceptive can also 
be used for menstrual lightening and suppression. 
Roughly 12% of DMPA users report being amen-
orrheic 3 months after their initial injection, with 
50% amenorrhea rates after 1 year of use, though 
initial irregular vaginal bleeding is common [16, 
32]. Patients with a high risk of low blood count, 
including anemia and thrombocytopenia, due to 
their malignancy or treatment regimens may not 
tolerate initial irregular bleeding.

13.4.6   Levonorgestrel IUD 
for Menstrual Suppression

The 52  mg levonorgestrel IUD can be used for 
menstrual lightening and suppression; however, 
these desired side effects develop over time in a 
subset of users. Menstrual lightening (up to 90% of 
flow) is identified in a majority of patients, with 
suppression noted in 50% of patients at 24 months 
of use [32]. There is an initial risk of light irregular 
menstrual bleeding for the first 3–6 months after 
insertion, which again may not be ideal in all 
patients. However, the additional benefit of highly 
reliable contraception with minimal to no drug-
drug interaction and no further medical interven-
tion (such as daily pills or routine injections) may 
outweigh this risk in selected patients. If a patient 
has already established menstrual lightening or 
suppression with a levonorgestrel IUD in place at 
the time of her diagnosis of malignancy, it is recom-
mended to leave the device in place [16]. Other 
formulations of LNG-IUD have decreased rates of 
amenorrhea likely due to decreased doses of 
LNG. LNG-IUD 19.5 (Kyleena) results in amenor-
rhea in 12% at the end of 1 year, and 23% at 5 years. 
LNG-IUD 13.5 (Skyla) results in amenorrhea in 6% 
at 1 year and 12% at 2 years [29, 33]. These similarly 
have an initial period of bleeding irregularities [63].

One may also consider using another thera-
peutic option for acute menstrual suppression, 
such as high-dose oral progestin, in conjunction 
with the 52  mg levonorgestrel IUD for longer-
term menstrual control and possibly contracep-
tion. These multidrug regimens are best 
considered in consultation with gynecology or 
other providers with expertise in management of 
these medications.

13.4.7   Other Considerations

Antifibrinolytic medications, such as tranexamic 
acid, prevent fibrin degradation and have been 
found effective for use in patients with chronic 
abnormal uterine bleeding and intraoperative 
bleeding. It is thought effective for the manage-
ment of acute abnormal uterine bleeding, though it 
has not been specifically studied for this purpose 
[4]. Tranexamic acid is contraindicated in patients 
with active or previous history of thromboembolic 
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disease or those with an intrinsic risk of thrombo-
embolic disease. There is limited and contradictory 
evidence for its use in patients with malignancy. 
More data is needed on its use in the adolescent 
and young adult oncology population [16].

Surgical interventions in adolescent and young 
adult patients are considered, in close consulta-

tion with gynecology and the primary oncology 
team, only in the setting of severe and life-threat-
ening hemorrhage that is unresponsive to medical 
management. These include dilation and curet-
tage, uterine packing or tamponade, uterine artery 
embolization, or hysterectomy and are based on 
data extrapolated from adult women [16].

 Appendix: Medical Eligibility Criteria for Contraceptive Use
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 Review Questions and Answers

 ?  Q1.  Which of the following describes the 
CDC medical eligibility criteria for 
contraceptive use category 2?

 (a) A condition for which there is no 
restriction for the use of the 
contraceptive method

 (b) A condition that represents an 
unacceptable health risk if the 
contraceptive method is used

 (c) A condition for which the 
advantages of using the method 
generally outweigh the theoretical 
or proven risks

 (d) A condition for which the theoretical 
or proven risks usually outweigh the 
advantages of using the method

 v  A1. (c)

 C. Zeal et al.
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 ?  Q2.  When weighing the risks of 
administration of estrogen or 
estrogen-containing contraceptives to 
control acute heavy vaginal bleeding 
in a patient with chemotherapy-
induced thrombocytopenia, we should 
consider…

 (a) Volume of bleeding and 
hemodynamic stability

 (b) Thromboembolic risks
 (c) Relative medical risks of alternative 

therapies
 (d) All of the above

 v  A2. (d)

 ?  Q3.  According to American Academy of 
Pediatrics (AAP) published 
recommendation, what is the first-line 
contraceptive choice for adolescents 
who choose not to be abstinent?

 (a) Barrier methods
 (b) Injectable contraceptive (depot 

medroxyprogesterone acetate – 
DMPA)

 (c) Long-acting reversible 
contraceptive (LARC)

 (d) Combined hormonal 
contraceptives (pill, patch, ring)

 v  A3. (c)

 ?  Q4.  Which of the following clinical 
scenarios would be a contraindication 
to the use of emergency contraception 
1 day following unprotected 
intercourse?

 (a) An adolescent girl in active 
treatment for leukemia

 (b) A young adult woman with known 
liver disease

 (c) A teenage female, 2 months after 
BMT for sickle cell disease

 (d) There are no instances in which  
the risks outweigh the benefits  
of use

 v  A4. (d)
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Key Points
 5 Female survivors of childhood, adoles-

cent, and young adult cancers are at risk 
for impaired sexual functioning, which can 
negatively impact overall quality of life.

 5 Cancer treatment can profoundly affect 
sexual functioning through a variety of 
physiologic and psychosocial mechanisms.

 5 While nonmedical and medical interven-
tions for sexual dysfunction exist, access 
to care is dependent on effective screen-
ing and assessment of sexual concerns. 
Multidisciplinary teams are particularly 
useful in providing comprehensive care 
that optimizes sexual functioning.

 5 Many sexual concerns can be addressed 
with brief interventions, if detected 
early; however, more complex cases 
should be referred to sexual health pro-
fessionals.

14.1   Scope of the Problem

For most individuals, healthy sexual functioning 
represents an important component of overall 
health and quality of life. Previous studies have 
demonstrated a positive association between sex-
ual function and overall health status [1, 2].

Cancer and its treatment affect multiple facets 
of life, including sexual well-being. Sexual func-
tioning may be impacted through physiologic 
and/or psychosocial mechanisms. Unfortunately, 
it appears that survivors of cancer are at risk for 
persistent or worsening sexual problems [3]. As 
the number of survivors increases, the recognition 
of sexual well-being as an important quality of life 
issue continues to become more pressing [4, 5].

While there is growing literature on sexual 
function in adults diagnosed with cancer, research 
that addresses the sexual concerns of young adult 
and childhood cancer survivors is severely lack-
ing [6], even though it is a priority concern in this 
population. In 2010, LIVESTRONG conducted 
a survey of more than 3000 cancer survivors, of 
which over 30% of respondents were adolescent 
and young adult (AYA) cancer survivors. Sexual 
functioning and satisfaction was one of the 
three top physical concerns reported, with 46% 
of people experiencing problems in this area. 

Unfortunately, the majority of these survivors 
(71%) reported that they did not receive care for 
sexual problems [7].

While many survivors of childhood cancer 
do not report problems with sexual function-
ing, there is evidence that there is a higher risk 
of impairment in this population. A survey of 
599 young men and women aged 18–39 who 
were diagnosed with cancer at age 21 or younger 
revealed that 42.7% reported at least one prob-
lematic sexual symptom, with women having 
significantly higher symptom scores (21.6) than 
men (10.6) [8]. In a separate cohort study of adult 
female survivors of childhood cancer, women 
with a history of childhood cancer had poorer 
overall sexual functioning and significantly lower 
levels of sexual interest, desire, arousal, and sat-
isfaction compared with their healthy siblings. 
Survivors with ovarian failure reported lower 
sexual functioning scores compared with those 
who had normal menses, though interestingly, 
sexual functioning scores did not improve with 
the addition of hormonal therapy (such as oral 
contraceptives or traditional hormone replace-
ment therapy) [9].

In a recent 2-year longitudinal study, 123 
young adult cancer patients (ages 18–39) com-
pleted the Medical Outcomes Study Sexual 
Functioning Scale within the first 4  months of 
diagnosis and again at 6 and 24  months after 
diagnosis. At both time points, more than half of 
the participants reported problems with sexual 
functioning. The probability of sexual problems 
increased over time (P < 0.01) and was greater for 
female cancer patients (P < 0.001), those treated 
with chemotherapy (P  <  0.05), and those with 
lower social support (P < 0.05) [10].

Adolescent and young adult survivors may 
not only be at special risk of certain sexual com-
plications, but they may also differ from middle 
aged and older survivors in their preferences for 
sexual health education and intervention. For 
instance, some evidence suggests that younger 
survivors have stronger preferences for web-
based education versus conventional printed 
teaching materials and may also prefer face-to-
face interactions to a greater extent than older 
survivors [11]. Younger survivors may also be 
especially responsive to peer-mediated interven-
tions, which not only educate but can also be 
uniquely helpful sources of social support and 
effective role modeling [12].
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As healthcare providers who strive to opti-
mize the survivorship experience of patients, it is 
important to acknowledge how sexual function-
ing interfaces with other quality-of-life measures. 
Young adult survivors of childhood cancer with 
sexual dysfunction report decreased physi-
cal functioning, poorer general health, greater 
fatigue, and poorer mental health [13]. Sexual 
dysfunction is also correlated with lower life satis-
faction and more distress [8].

14.2   Barriers to Care

There are a number of barriers that make address-
ing sexual concerns in this patient population chal-
lenging. Sex and sexuality are sensitive topics that 
are difficult for many people to discuss; they may 
be especially difficult for younger people who may 
feel embarrassed and/or lack the knowledge and 
vocabulary to speak freely about sexual problems. 
In addition, some providers experience discomfort 
talking with younger patients about sexual issues 
because they are not certain of what is “age appro-
priate” or, in the case of minors, they fear offend-
ing parents by bringing up the discussion [14]. 
Additionally, time constraints and a lack of knowl-
edge of providers also influence whether providers 
address sexual concerns in their patients [15].

Many young people desire information about 
sexual health and sexual concerns, but most are 
not getting the counseling and care that they 
need, even though they represent an especially 
vulnerable group that may be more at risk for 
sexual problems. Patients who were diagnosed 
and treated at a very young age may have never 
grasped a complete understanding of how their 
treatment has impacted their reproductive health. 
Thus, it is important that providers are equipped 
with the confidence and skills that enable them 
to discuss sexual issues with patients in an age- 
appropriate manner [16].

14.3   Sexual Development

When considering sexual function and well-being 
in the adolescent and young adult population, it 
is important to do so in a developmental context. 
Normal sexual development is variable between 
individuals, and it is influenced not only by age 
but by culture and personal experiences. Sexual 

development begins at birth. It includes the physi-
cal changes that occur with growing older as well 
as the beliefs and behaviors that people exhibit 
about sex.

14.3.1   Infancy and Childhood

In infancy, children are curious about their geni-
tals and may touch them in private and/or public. 
They are completely uninhibited. During early 
childhood, children remain openly curious about 
their own bodies and start to develop a curios-
ity about other’s bodies. As they become a little 
older and have more interaction with peers, they 
begin to develop an awareness of the differences 
between boys and girls. It is generally at this time 
that they become aware of the concept of gender 
and adopt a stable sense of gender identity. They 
also begin to ask questions about sex.

Upon reaching school age, children begin to 
grasp a better understanding of societal norms 
with regard to sex and sexuality. They tend to 
become more modest and may desire more pri-
vacy, such as when changing their clothing. They 
remain curious about sex but are often more 
reluctant to talk about it with adults. It is not 
uncommon for them to develop a sexual attrac-
tion and interest in other people during this stage.

14.3.2   Preadolescence

Puberty begins during preadolescence. 
Preadolescents may become even more self-
conscious as they experience physical changes in 
their bodies. Masturbation becomes more com-
mon. Although they generally do not have a lot 
of sexual experience, they are aware of different 
types of sexual activity as well as differences in 
sexual preferences and orientation. It is during 
this period when “group dating” often begins; 
some may even start to partner off as “boyfriend 
and girlfriend.” Sexual exploration and experi-
ence varies but often involves “making out.”

14.3.3   Adolescence

Adolescence is a complex time when the individ-
ual transitions from a child to an adult. Important 
developmental milestones include establishing 
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autonomy, solidifying identity, and sexual emer-
gence. While there is a wide range of diversity 
in development and life experiences during this 
developmental period, it is generally character-
ized by an increased interest in romantic and 
sexual relationships. Adolescents can and do form 
emotional attachments to romantic partners. 
There is also an increase in genital sex behaviors, 
such as sexual intercourse.

14.4   Sexual Development 
in Survivors of Childhood 
Cancer

Young adult survivors of childhood cancer may 
not reach sexual development milestones at the 
same rate as their peers as a result of medical and 
psychosocial challenges that are the result of their 
cancer experience. For example, cancer treatment 
can cause failed puberty, which is characterized 
by delayed or absent physical maturation. When 
a patient’s disease isolates and alienates her from 
peers and the “normal” developmental experi-
ence, her psychosexual identity may not be well 
established and romantic relationships may not 
have the opportunity to form. As a result, the 
individual may not have ample opportunity to 
learn and adopt normal healthy sexual behaviors.

Childhood cancer survivors experience a 
delay in dating and initiation of social contacts 
compared with their peers [17]. Not only are they 
more likely to marry later [18–20], but they are 
also significantly more likely to be unmarried than 
their siblings [9]. They exhibit a later time of first 
sexual intercourse [17, 21, 22] and are less likely 
to be sexually active in general. They also report 
lower satisfaction with sexual experiences [17].

14.5   Risk Factors for Sexual 
Dysfunction

Since altered sexual development may influence 
sexual function in survivors of childhood cancer, 
multiple studies have attempted to identify spe-
cific risk factors for sexual dysfunction. Older 
age, being female, and having health problems 
are factors that have been associated with sexual 
dysfunction in this population [8]. In a separate 
study, older age at the time of sexual function 
assessment, having ovarian failure at a younger 

age, a history of treatment with cranial radiation, 
and having a cancer diagnosis during adolescence 
were identified as risk factors for poorer sexual 
functioning [9]. Psychosocial risk factors relevant 
to young cancer survivors include body image 
disturbances, depression and anxiety, and rela-
tionship difficulties with a partner [23, 24].

14.6   Long-Term and Late Effects 
of Cancer Treatment on Sexual 
Functioning

Cancer and its treatment can have profound 
effects on long-term sexual functioning. These 
effects can be the result of physiologic factors, 
psychosocial factors, or, most frequently, a com-
bination of both [25].

14.6.1   Physiologic Effects

Cancer treatment modalities such as surgery, 
chemotherapy, irradiation, and hormonal therapy 
can cause hormonal, vascular, and/or neurologic 
changes that affect sexual function [25]. Primary 
hypogonadism (ovarian failure) can result from 
treatment with chemotherapy (particularly alkyl-
ating agents), surgery (bilateral oophorectomy), 
and abdominal/pelvic irradiation. Ovarian fail-
ure results in hypoestrogenism; if survivors were 
prepubertal at the time of failure, puberty will 
not occur. In such instances, hormone replace-
ment therapy must be given to promote normal 
development of adult height and secondary sex-
ual characteristics. If failure occurs post puberty, 
hypoestrogenism can result in menopausal symp-
toms such as hot flashes and vaginal dryness.

Central hypogonadism can occur when 
patients receive cranial radiation that affects the 
hypothalamic-pituitary-gonadal axis. As a result, 
the pituitary does not release the gonadotropins 
(FSH and LH) that direct ovarian function. In these 
cases, patients also may experience pubertal failure 
that can be treated with gonadotropin and/or hor-
mone replacement. Conversely, cranial irradiation 
that includes the hypothalamus may lead to pre-
mature activation of the hypothalamic- pituitary- 
gonadal axis, resulting in precocious puberty.

Surgery that affects the vulva and vagina can 
cause dryness, sensory changes, and pain. Pelvic 
irradiation often leads to decreased blood flow 
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that may lead to complications such as vaginal 
strictures and fistulas [26]. Survivors that receive 
these therapies may experience diminished sen-
sation, pain, postcoital bleeding, and difficulties 
with vaginal penetration. Both pelvic surgery 
and radiation can cause nerve damage, resulting 
in weakening of the pelvic musculature that leads 
to discomfort during intercourse as well as urine 
and/or fecal incontinence. Patients who receive 
hematopoietic stem cell transplants are at risk for 
graft versus host disease of the vagina, which is 
associated with vaginal dryness, shortening, and 
pain [27].

Although the majority of studies of young 
female cancer survivors pertain to breast cancer, 
recent studies have also examined sexual adjust-
ment in young women with gynecologic [28] 
and gastrointestinal tract cancers [29] and have 
found similar rates of sexual problems. As with 
breast cancer, less radical or invasive treatment 
(e.g., radical trachelectomy rather than radi-
cal hysterectomy for cervical cancer) appears to 
be associated with a greater likelihood of sexual 
functioning returning to baseline and lower rates 
of sexual dysfunction in the long term [28, 29].

14.6.2   Psychosocial Effects

Sexual functioning is also influenced by psycho-
logical and social factors. A diagnosis of cancer 
is life changing and often introduces challenges 
in peoples’ lives beyond the obvious medical 
consequences. Distress, depression, or anxiety 
related to a cancer diagnosis may negatively affect 
a woman’s sexual functioning. Treatment-related 
bodily disfigurements (e.g., as a result of a mastec-
tomy [30], presence of a stoma [31], hair loss [32]) 
have been shown to be associated with emotional 
distress and poorer quality of life in cancer sur-
vivors in general but may be less of a problem in 
childhood cancer survivors [33]. However, these 
physical changes can negatively influence body 
image and self-esteem, decreasing one’s confi-
dence in engaging in sexual activity and/or sexual 
relationships. Survivors of human papillomavirus 
(HPV)-related cancers may harbor guilt and fears 
about transmission or recurrence of cancer, which 
may in turn lead to avoidance of sexual activity 
[34]. Cancer-related infertility is also intertwined 
with sexual health; a woman might be reluctant 
to pursue and/or maintain romantic relation-

ships because she believes that a potential partner 
might reject her because of her inability to have a 
biological child.

14.6.3   Social Effects

Personal relationships are also affected by cancer 
and cancer therapy. For young people, feelings 
of alienation and isolation are common [35]. 
Concerns about attractiveness or competence as 
a romantic partner may lead survivors to avoid 
dating and going out. Friendships may wane if 
the patient is unable to “keep up” with the devel-
opmental and social milestones of her peers. 
Changes in existing romantic relationships may 
result if the partner takes on a new role as a care-
giver, introducing a degree of intimacy that may 
be perceived as premature for the relationship or 
for the partner’s life stage. Alternatively, partners 
who become more distant or “shielded” from the 
realities of the disease and its treatment may have 
difficulty empathizing with the survivor. Partners 
of young survivors may feel disappointed when, 
even after completion of successful cancer treat-
ment, their relationships do not simply “return to 
normal.” Studies of young breast cancer survivors 
have found that sexual difficulties are influenced 
by perceptions of supportiveness or how well their 
partners understand of their feelings [23]. Finally, 
the financial impact of cancer and cancer therapy 
can be an additional stressor that influences inti-
mate relationships.

14.6.4   Cultural Effects

Cultural norms for gender roles and sexual 
activity influence the onset and course of sexual 
problems; indeed, some studies have noted sig-
nificant geographical and cultural variation in 
sexual attitudes and satisfaction [36]. Culture 
further plays a large role in patient’s perspectives 
and decisions regarding their cancer diagno-
ses and their treatment plans. Although in the 
USA research on cancer survivorship and sexual 
health is disproportionately based on data from 
White, college- educated survivors, emerging 
research has aimed to document the experiences 
of underrepresented groups. Unfortunately, little 
of this research has specifically focused on young 
survivors.
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Cultural influences on sexual difficulties are 
often related in some ways to expectations tied to 
feminine roles and behaviors. For instance, in a 
review of sexual concerns in young breast cancer 
survivors, Hungr et al. noted that some Hispanic/
Latina survivors, especially those who identify 
more closely with traditional cultures, may be 
more likely to have internalized ideals related to 
femininity and fertility, complicating their sexual 
adjustment after treatment [37]. Beliefs about one’s 
obligations toward a partner, similarly, may influ-
ence the experiences of sexuality and intimacy. For 
instance, a qualitative study of Asian American 
breast cancer survivors described women’s experi-
ences of feeling obligated to their partners and, con-
currently, wishing to not burden their partners or 
families [38]. Spiritual beliefs, likewise, can shape 
the ways in which women understand and cope 
with cancer, with potentially positive or negative 
influences on sexual adjustment. Understanding 
the cultural contexts that shape sexual attitudes 
and expectations can help clinicians understand 
the onset or maintenance of sexual problems.

Equally important to consider are ways in 
which culture influences help seeking and inter-
actions with health care providers. Survivors 
from historically marginalized populations may 
employ a self-protective “healthy suspicion” in 
their interactions with clinicians. For example, 
in a survey of African American breast cancer 
survivors, higher levels of medical mistrust were 
associated with more severe sexual problems [39], 
suggesting that health disparities in sexual out-
comes may be related to missed opportunities for 
culturally competent care. Cultural beliefs about 
sharing intimate details with strangers may also 
limit the extent to which some populations are 
willing to discuss sexual problems. Finally, survi-
vors who are stigmatized in their culture for their 
sexual identities or practices face negative conse-
quences for being “outed” and may feel reluctant 
to disclose their concerns. Interventions for sex-
ual health in cancer survivors that are responsive 
to these systemic disparities are still early in their 
development and implementation [40, 41].

14.7   Female Sexual Dysfunction

Since women who are survivors of childhood and 
adolescent cancer are at risk for sexual problems, 
it is important that they are screened for female 

sexual dysfunction (FSD). Accurate diagnosis is 
vital so that proper care can be given.

A sexual complaint is diagnosed as a dys-
function when the criteria from the American 
Psychiatric Association’s Diagnostic and Statistical 
Manual (DSM) [42] for sexual dysfunctions 
are met and the complaint results in significant 
distress. The newly published Diagnostic and 
Statistical Manual of Mental Disorders, 5th edition 
(DSM-5), created new diagnostic classifications 
including female sexual interest/arousal disorder 
(FSIAD), female orgasmic disorder, and genito- 
pelvic pain/penetration disorder (GPPPD) (see 
. Table  14.1). Along with information obtained 
from a thorough clinical interview, physical exam-
ination, and indicated laboratory testing, DSM-5 
criteria should be used to establish the diagnosis 
and etiology of sexual dysfunction in women.

14.7.1   Female Sexual Interest/
Arousal Disorder (FSIAD)

The diagnosis of female sexual interest/arousal 
disorder is characterized by a lack of or signifi-
cantly reduced sexual interest/arousal. It must 
be manifested by at least three of the following 
(in any combination): (1) absent/reduced inter-
est in sexual activity, (2) absent/reduced sexual/
erotic thoughts or fantasies, (3) no or reduced 
initiation of sexual activity and being unreceptive 
to a partner’s attempts to initiate sex, (4) absent 
or reduced sexual excitement/pleasure during sex 
in all or almost all (approximately 75–100%) of 
sexual encounters, (5) absent or reduced sexual 
interest/arousal in response to any internal or 
external sexual/erotic cues (e.g., verbal, visual), 
and (6) absent or reduced genital or nongenital 
sensations during sexual activity during sex in 
almost all or all (approximately 75–100%) of 
sexual encounters. FSIAD is the most commonly 
reported sexual dysfunction in both cancer survi-
vors and the general population.

14.7.2   Female Orgasmic Disorder

The diagnosis of female orgasmic disorder (FOD) 
requires the presence of (1) a marked delay in, 
marked infrequency of, or absence of orgasm 
and/or (2) a markedly reduced intensity of orgas-
mic sensations. Problems with orgasm should be 
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considered in the context of health status, partner 
factors, and other sexual problem (e.g., pain) that 
may interfere with sexual stimulation. Clinically, 
it is important to distinguish FOD that is gener-
alized to all sexual stimulation versus problems 
that are more situation or context dependent. In 
general, the onset of FOD due to physiological 
etiology (such as neuropathy or effects of a medi-
cation) tends to be more global or generalized in 
presentation than situational FOD. Lifelong FOD, 
though not directly related to cancer, may be 
compounded by the effects of treatment.

14.7.3   Genito-Pelvic Pain/
Penetration Disorder (GPPPD)

The diagnosis of genito-pelvic pain/penetration 
disorder (GPPPD) requires persistent or recur-
rent difficulties with one or more of (1) vaginal 
penetration during intercourse; (2) marked vul-
vovaginal or pelvic pain during intercourse or 
penetration attempts; (3) marked fear of anxiety 
about vulvovaginal or pelvic pain in anticipation 
of, during, or as a result of vaginal penetration; 
and (4) marked tensing or tightening of the 
pelvic floor muscles during attempted vaginal 
penetration. Pain with vaginal penetration is a 
common problem reported by cancer survivors 

who have undergone pelvic radiation, pelvic 
surgery, or treatment that disrupts the hormonal 
milieu.

The DSM-5 requires that a woman must have 
symptoms 75–100% of the time to make a diag-
nosis of sexual disorder, except when there is a 
substance or medication-induced disorder. The 
symptoms have to be present for at least 6 months 
and should not be better explained by a nonsexual 
mental disorder, a consequence of severe relation-
ship distress (e.g., partner violence) or other sig-
nificant stressors.

Each of the sexual dysfunction categories can 
be further described by using specifiers such as 
“lifelong versus acquired” and “generalized versus 
situational.” The severity of the problem should 
also be documented—specifically, whether it is 
mild, moderate, or severe. Finally, associated fea-
tures should be noted, including the presence of 
(1) partner factors (partner sexual problem and/
or health status); (2) relationship factors (difficult 
communication, differences in desire for sexual 
activity); (3) individual vulnerability factors 
(poor body image, history of sexual or emotional 
abuse), psychiatric comorbidity (depression and/
or anxiety), or stressors (job loss, bereavement); 
(4) cultural or religious factors (attitudes about 
sexuality); and (5) medical factors relevant to 
prognosis, course, or treatment.

       . Table 14.1 DSM-5 classification of female sexual dysfunction

Disorder Diagnostic criteria

Female orgasmic disorder (FOD) (1) A marked delay in, marked infrequency of, or absence of orgasm and/or (2) 
a markedly reduced intensity of orgasmic sensations

Female sexual interest/arousal 
disorder (FSIAD)

Requires at least three of the following (in any combination): (1) absent/reduced 
interest in sexual activity, (2) absent/reduced sexual/erotic thoughts or fantasies, 
(3) no or reduced initiation of sexual activity and being unreceptive to a part-
ner’s attempts to initiate sex, (4) absent or reduced sexual excitement/pleasure 
during sex in all or almost all (approximately 75–100%) of sexual encounters, (5) 
absent or reduced sexual interest/arousal in response to any internal or external 
sexual/erotic cues (e.g., verbal, visual), and (6) absent or reduced genital or non-
genital sensations during sexual activity during sex in almost all or all (approxi-
mately 75–100%) of sexual encounters

Genito- pelvic pain/penetration 
disorder (GPPPD)

Persistent or recurrent difficulties with one or more of (1) vaginal penetration 
during intercourse; (2) marked vulvovaginal or pelvic pain during intercourse 
or penetration attempts; (3) marked fear of anxiety about vulvovaginal or 
pelvic pain in anticipation of, during, or as a result of vaginal penetration; 
and (4) marked tensing or tightening of the pelvic floor muscles during 
attempted vaginal penetration
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14.8   Screening and Assessment

The Children’s Oncology Group Long-Term 
Follow- Up Guidelines for Survivors of Childhood, 
Adolescent, and Young Adult Cancer (COG- 
LTFU Guidelines) provide evidence-based rec-
ommendations for screening and management of 
late effects of cancer treatment, including psycho-
sexual dysfunction [43].

It has been recommended that sexual health 
status in women cancer survivors should be 
assessed at regular intervals and at least annu-
ally [44, 45] as well as anytime a woman voices 
a sexual concern. There are a number of screen-
ing instruments that can be used in an office set-
ting that will allow quick identification, some of 
which have been developed and/or validated for 
use in cancer survivors [46–48]. Simply asking 
the patient about her sexual function and activ-
ity validates that it is an important part of overall 
health. However, routine assessment strategies in 
isolation are unlikely to enhance care for sexual 
problems [49]; ideally, screening is one compo-
nent of a model implemented by well-trained staff 
who can deliver brief intervention and referrals at 
the point of care.

When introducing the topic of sexual func-
tioning, it is important to communicate with the 
patient in a comfortable, nonjudgmental manner. 
It is helpful to broach the discussion by normal-
izing the presence of sexual concerns, which lets 
the patient know that she is not the only person 
experiencing her problem. Questions should start 
as open ended and become more directed. No 
assumptions should be made about her sexuality 
or sexual behaviors (i.e., assuming sexual orienta-
tion or practice of monogamy).

A complete history should be elicited with 
special emphasis on the gynecologic and sex-
ual history. Medications should be thoroughly 
reviewed, as many can have negative effects on 
sexual function [50]. The physical examination 
should include a thorough pelvic examination 
[51]. Both external and internal genitalia should 
be evaluated for abnormalities, such as atrophy, 
scarring, and strictures. Laboratory evaluation 
(such as sex hormones and thyroid function tests) 
can be added as indicated.

Although the focus of this article is on sexual 
functioning of adolescent and young adult female 
cancer survivors, it is imperative that other aspects 
of sexual health are discussed. Discussions about 

pregnancy, sexual assault, and STI prevention are 
particularly important in this population, as they 
are vulnerable to reproductive health complica-
tions as it relates to immune compromise, incom-
patibility between desired contraception methods 
and treatment, and pregnancy complications [14].

14.9   Treatment

Some specialty cancer centers have recognized 
that women with a history of cancer have unique 
needs with regard to sexual functioning and 
have developed supportive services that can help 
patients anticipate and manage sexual issues 
before, during, and after cancer treatment. Often, 
these expert teams are multidisciplinary and may 
include gynecologists, psychologists, sex thera-
pists, and pelvic floor physical therapists who 
can assess patients and provide a comprehensive 
treatment plan to optimize sexual functioning.

Treatment plans should be tailored to the 
individual patient and focus on the physical, 
psychological, and social factors that contribute 
to her sexual problem [44]. While there are few 
FDA- approved treatments for sexual dysfunction 
in women, there are still a considerable number of 
treatments that can be utilized to improve wom-
en’s sexual satisfaction and well-being.

14.9.1   Education and Setting 
of Expectations

Healthcare providers can play a major role in 
helping women with sexual concerns or sexual 
dysfunction by providing accurate, unbiased 
sexual health education. Women who were diag-
nosed at a very young age might have some edu-
cational deficits in this area. It is not uncommon 
for some to have erroneous knowledge and beliefs 
about sex, including basic anatomy and physiol-
ogy. Furthermore, socially influenced ideas of 
what “normal” sex and sexuality are can promote 
unrealistic expectations about how an individual 
woman’s sex life should be. It is imperative to 
educate women that “normal” sexual functioning 
is variable between women and even through-
out an individual woman’s life. It should also be 
emphasized that the overall goal of healthy sexual 
functioning should be the achievement of sexual 
satisfaction and that she should be encouraged to 
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define what that means for her as an individual 
and as part of a couple.

Lifestyle modification should be encouraged, 
as overall well-being influences sexual function-
ing. Women should be counseled to adopt healthy 
lifestyle behaviors, such as smoking cessation, 
limiting alcohol consumption, exercising most 
days of the week, getting adequate sleep, eating a 
healthy diet, and reducing stress as much as pos-
sible. The conditions surrounding sexual experi-
ences should be optimized as well. Women should 
be informed of the importance of adequate sexual 
stimulation and arousal, which can be achieved 
with prolonged foreplay and the use of sexual 
aids. If patients experience difficulty with sexual 
intercourse, they should be encouraged to explore 
alternative means of expressing sexual intimacy 
and incorporate sexual activities that don’t require 
intercourse. If intercourse is desired, the use of 
vaginal lubricants and moisturizers can make 
sexual activity easier and more comfortable.

14.9.2   Non-pharmacologic Therapies

Significant improvements in sexual function after 
intervention with traditional sex therapy and/or 
cognitive-behavioral therapy have been observed 
[52]. Traditional sex therapy is a behavioral treat-
ment that aims to improve an individual/couple’s 
erotic experiences while reducing anxiety and 
self-consciousness about sexual activity [53]. 
Education is an important component of sex 
therapy, as it is often therapeutic to normalize 
variations in sexual experiences and dispel sexual 
myths or unhelpful sexual beliefs. Other common 
sex therapy exercises include relaxation training 
and sensate focus, a graded series of mutually 
pleasurable touching exercises that emphasizes 
mutual enjoyment without demand for inter-
course or other sexual “performance.” Cognitive- 
behavioral sex therapy includes traditional 
behavioral sex therapy components but places a 
greater emphasis on modifying thought patterns 
or beliefs that interfere with intimacy and sexual 
pleasure [53]. Directed masturbation has been 
demonstrated to be efficacious in the treatment of 
orgasmic disorders [54–56]. Mindfulness-based 
cognitive-behavioral treatments have also shown 
excellent promise for sexual desire problems [57].

In light of pressures encouraging greater effi-
ciency of health services, many recent studies 

have emphasized brevity and accessibility in the 
design of counseling interventions for sexual 
problems. For example, Brotto et al. demonstrated 
that a three-session mindfulness-based cognitive- 
behavioral intervention was successful in 
improving sexual desire and arousal problems in 
gynecologic cancer survivors [57]. A two-session 
counseling intervention that included education 
and support regarding cancer and reproductive 
issues was found to lessen anxiety about sexual 
and romantic relationships in adolescents and 
young adults with cancer [58]. Finally, a single 
half-day group behavioral therapy interven-
tion delivered to 46 women with ovarian cancer 
appeared to result in enhanced sexual function 
through 2 and 6 months post-treatment [59].

Pelvic floor therapy is a type of physical therapy 
that can help strengthen the muscles of the pelvic 
floor and increase blood supply and innervation 
to the pelvic floor muscles. A pelvic floor exercise 
program has been shown to improve pelvic floor 
strength and sexual functioning in survivors of 
gynecologic cancers [60]. Dilator therapy is often 
recommended to selected patients for the preven-
tion of vaginal stenosis in patients who received 
pelvic radiotherapy [61]; however, evidence that 
it prevents vaginal stenosis or improves quality of 
life is mixed [62]. Adherence to long- term use is 
often poor [63]. Data on the use of dilators for the 
treatment of sexual dysfunction in the adolescent 
population and younger is nonexistent.

14.9.3   Pharmacologic Therapies

For women who are prematurely postmenopausal 
as a result of their cancer treatment, hormonal 
replacement therapy can restore the normal hor-
monal milieu. However, only conjugated equine 
estrogen and ospemifene are FDA approved 
for the specific treatment of female sexual dys-
function. Vaginal estrogen can be prescribed in 
a variety of forms and is effective in the treat-
ment of vulvovaginal atrophy (VVA), a common 
cause of painful intercourse. However, the use 
of estrogen in any form in patients with a his-
tory of  hormone- sensitive cancer is controver-
sial. Ospemifene is a selective estrogen receptor 
modulator that acts directly on the vulvovaginal 
tissues to reverse atrophy without exerting estro-
genic effects on the uterus and breast; however, it 
has not been specifically studied in cancer sur-
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vivors [64]. Finally, vaginal dehydroepiandros-
terone has been used for the treatment of VVA; 
its use is associated with lower levels of systemic 
estrogen and testosterone, but its long-term safety 
profile is unknown [65].

The role of testosterone therapy for the treat-
ment of female sexual dysfunction is even more 
controversial. Although it is not FDA approved 
for this indication, it is frequently prescribed off 
label. Testosterone has been shown to improve 
sexual satisfaction, general well-being, and mood 
[66]; however, safety concerns such as potential 
development of breast cancer and negative effects 
on cardiovascular health have limited its use [51].

Bupropion is a mild dopamine and norepi-
nephrine reuptake inhibitor/nicotinic acetyl-
choline receptor antagonist that is used as an 
antidepressant and smoking cessation aid. Prior 
studies have shown that it is also useful treating 
low desire in women [67], including those with 
SSRI-induced low desire [68, 69], and women 
receiving adjuvant hormonal therapy for breast 
cancer [70]. Flibanserin is a 5-HT1A recep-
tor agonist/5-HT2 receptor antagonist that was 
recently approved by the FDA for the treatment 
of premenopausal women with hypoactive sexual 
desire disorder (HSDD) [71, 72]. However, there 
are no data on its use in cancer survivors.

There are multiple sexual enhancement prod-
ucts that are available over the counter. While 
most have not been rigorously tested for efficacy 
and safety, many women with a history of cancer 
express interest in their use [73]. Most pharma-
cologic interventions for the treatment of sexual 
dysfunction have not been tested in cancer sur-
vivors [74], highlighting the importance of more 
research in this area.

A recent prospective study examined the 
effect of ospemifene, a selective estrogen receptor 
modulator, on quality of life and sexual function 
in women with cervical cancer [75]. The study 
included 52 women ages 18–60 with a previous 
diagnosis of stage I–IIa cervical cancer who also 
suffered from vulvovaginal atrophy. Patients had 
6  months of therapy with ospemifene and per-
formed a vaginal health index survey measuring 
sexual function/quality of life at baseline and after 
6 months of therapy. Ospemifene improved vul-
vovaginal atrophy substantially for women with 
and without a uterus; on exam, improvements in 
vaginal dryness, redness, and mucosal friability 
were noted [75].

14.10   When to Refer

Most sexual problems, especially when detected 
early, can be addressed through relatively brief 
intervention. Complex cases warrant referral to 
professionals who have specialized training in 
sexual health and medicine. Organizations such as 
the International Society for the Study of Women’s 
Sexual Health (7 www. ISSWSH. org); the American 
Association of Sexuality Educators, Counselors and 
Therapists (7 www. AASECT. org); and the Society for 
Sex Therapy and Research (7 www. SSTARNET. org) 
have online tools that can assist with locating health-
care providers that specialize in sexual health issues.

14.11   Conclusion

Healthy sexual functioning is important for girls 
and women who have/had cancer. The ability to 
function sexually and experience sexual satisfac-
tion significantly contributes to overall quality of 
life and can have implications for a woman’s abil-
ity to develop and sustain intimate relationships 
[74]. Survivors of childhood, adolescent, and 
young adult cancers are at risk for sexual prob-
lems as a result of their cancer experience.

It is imperative that providers are proactive 
about addressing sexual concerns in this popula-
tion. There are a range of treatments that can be 
used to optimize sexual health and function of 
survivors. Engaging girls and women in conver-
sations about how cancer and cancer treatment 
might affect their sexual well-being at baseline 
can empower them to seek care for these prob-
lems if and when they develop.

 Review Questions and Answers

 ? Q1.  What percentage of survivors of child-
hood cancer experience sexual prob-
lems?

 v A1. 42.7%

 ? Q2.  What are the three categories of female 
sexual dysfunction defined in the DSM-5?

 v A2.  Female orgasmic disorder, female sexual 
interest/arousal disorder, and genito-
pelvic pain/penetration disorder.
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 ? Q3.  Name several non-pharmacologic thera-
pies for the treatment of female sexual 
dysfunction.

 v A3.  Sex therapy, cognitive- behavioral ther-
apy, and pelvic floor physical therapy.

 ? Q4.  Name several risk factors for sexual 
dysfunction in female survivors of child-
hood cancer.

 v A4.  Older age at cancer diagnosis, having 
other health problems, ovarian failure, 
and a history of cranial radiation.
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Key Points
 5 Cancer care providers should prioritize 

cancer therapy rather than fertility.
 5 Cancer care providers should discuss 

treatment- related infertility risks and 
fertility preservation options to CAYA 
cancer patients prior to initiation of cancer 
therapy and refer to FP program or 
reproductive specialists as early as possible.

 5 Cancer care providers should know the 
detailed gonadotoxicity of cancer therapy 
and pregnancy/neonatal outcome after 
initiation of cancer therapy.

 5 Cancer treatments—Including chemo-
therapy, radiation therapy, and sur-
gery—Are possible during pregnancy. 
Chemotherapy should be avoided during 
the first trimester. Radiation therapy is 
administered only in rare cases and the 
abdomen should be shielded.

15.1  Introduction

The face of both life-threatening cancer diagnosis 
and the desire to have a child in the future simul-
taneously present a struggle both for patients with 
cancer and for clinicians. Although improvement 
in multimodality treatment has enabled many 
cancer patients to survive a malignancy, these 
cancer treatments can result in gonadal dysfunc-
tion and infertility, especially for child, adoles-
cents, and young adults (CAYA) and patients 
younger than 39  years old. The purpose of this 
chapter is to provide an overview of gonadotoxic-
ity of cancer treatment, pregnancy outcome of 
women with a history of cancer, and the manage-
ment of women diagnosed with cancer during 
pregnancy.

15.2  Becoming Pregnant After 
a Cancer Diagnosis

15.2.1  The Importance of Fertility-
Related Discussion Before 
Cancer Therapy

It is important for oncologists to discuss about 
treatment-related infertility risks and fertility 

preservation (FP) options with CAYA cancer 
patients prior to initiation of potentially gonado-
toxic therapies [21]. Although it is rational for 
most cancer patients to prioritize survival rather 
than fertility, having a child is an important life 
event after being treated for cancer [4, 5]. The 
American Society of Clinical Oncology (ASCO) 
guideline, American Society for Reproductive 
Medicine (ASRM), and National Comprehensive 
Cancer Network (NCCN) recommend the early 
provision of information on the risks to fertility 
associated with cancer treatment and on fertility 
preservation to all patients in reproductive age 
[10, 15, 23]. Despite these guidelines, many 
patients do not recall having fertility-related dis-
cussions with their physicians [27].The barriers 
to these conversations and referrals include a 
patient’s poor prognosis, a disease requiring 
immediate treatment, marital or parenthood sta-
tus, unclear referral paths for FP, and the cost of 
FP in insurance [27, 40]. To overcome unclear 
referral paths for FP, it has been reported that a 
formal oncofertility program with multidisci-
plinary team encouraging oncologists to address 
treatment-related infertility, discussing FP 
options, and referring to reproductive specialists 
prior to cancer treatment can increase discus-
sions about FP and access to reproductive proce-
dures [40]. Although it is sometimes difficult to 
deal with additional critical subjects after dis-
cussing the cancer treatment plan, the sooner 
the patient’s fertility issues are addressed, the 
greater the chance that the patients can choose 
FP measures with minimum delay for cancer 
therapy [19].

Furthermore, explaining fertility issues to pre-
pubertal child cancer patients is challenging. 
According to Anderson et al., while the negative 
effect of treatment on the ovarian function was 
discussed with 86% of the postpubertal girls and 
their parents, it was discussed with only 60% of 
the prepubertal girls [3]. Even adult patients who 
were not informed, did not undergo FP options, 
and later become infertile will later express regret 
associated with increased anxiety and depression 
during survivorship [40]. Although there are 
many reasons to not pursue FP procedures, just 
counseling a woman about reproductive health 
risks lowers long-term regret and increases satis-
faction with life [29]. We believe it is important to 
continue to remind young patients of infertile 
potential and ovarian function assessment, in case 
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these discussions either did not happen at cancer 
diagnosis, happened with parents, or have since 
been forgotten [20].

15.2.2  Gonadotoxicity of Cancer 
Therapies in CAYA Patients

Cancer treatments, including chemotherapy, 
radiation therapy, and surgery, can affect fertility 
by impacting the neuroendocrine axis, the pri-
mordial and growing follicles in the ovaries, and 
the reproductive organs such as uterus necessary 
for carrying a pregnancy to term. The human 
ovary contains a fixed number of primordial fol-
licles at birth, estimated to be one million. These 
are progressively lost in a bi-exponential fashion 
as women age and approximately 400,000 follicles 
remain by the onset of puberty. During meno-
pause, at an average age of 50–51 years, approxi-
mately less than 1000 oocytes remain [24, 41]. 
Both chemotherapy and radiation therapy will 
accelerate oocyte depletion, leading to a primary 
ovarian insufficiency (POI), which is defined as 
amenorrhea due to the premature depletion of 
functional ovarian follicles, in women <40 years 
[28, 41].

Radiation therapy can disrupt the functioning 
of the hypothalamic-pituitary axis, directly cause 
ovarian failure, or damage the uterus making it 
unable to accommodate the growth of a fetus to 
full term [43]. The impact of radiation on the 
body is largely dependent on the cumulative dose, 
location of the treatment, as well as the age of the 
patient [21]. Wallace et al have reported that the 
effective sterilizing dose (ESD), the dose of frac-
tionated RT (Gy) at which premature ovarian fail-
ure occurs immediately following treatment in 
97.5% of patients, decreases as age at treatment 
increases. ESD at birth is 20.3  Gy; at 10  years 
18.4  Gy; at 20  years 16.5  Gy; and at 30  years 
14.3 Gy [41]. Women who received abdominal or 
directed pelvic irradiation at high doses are at 
greater risk for subsequent infertility. 
Furthermore, a high dose of cranial irradiation 
may prevent secretion of gonadotrophin-releas-
ing hormone (GnRH) and lead to lack of follicle- 
stimulating hormone (FSH) and luteinizing 
hormone (LH) resulting in affected release of 
estradiol and progesterone.

Certain chemotherapeutic agents can also neg-
atively impact future fertility for young cancer sur-
vivors. Chemotherapeutic treatments can be 
gonadotoxic to primordial follicles as they cause 
DNA strand breaks, trigger apoptosis, and reduce 
stromal function within the ovary [31]. It has been 
reported that while reduction of the ovarian reserve 
may be caused from chemotherapy, there is also 
evidence that chemotherapy may impact the neu-
roendocrine axis. After receiving chemotherapy, 
many cancer survivors have growth hormone defi-
ciency, hypothyroidism, or pubertal abnormalities 
[36]. Moreover, since it is known that gonadal 
damage in prepubertal children caused by chemo-
therapy and radiation may result in omission or 
delayed puberty, and abnormal development of 
secondary sex characteristics, it is important for 
providers to observe growth rates [36].

15.2.3  Pregnancy and Neonatal 
Outcomes After Cancer 
Therapy

It has been reported that female cancer survivors 
treated with pelvic radiotherapy had a twofold 
increased risk of low birth weight and preterm 
delivery among their infants [17]. It is associated 
with reduced adult uterine volume and reduced 
blood supply of the uterus [12, 22, 30, 35]. Also, 
pelvic irradiation significantly increased the risk 
of stillbirth and neonatal death at doses greater 
than 10  Gy [38]. Radiation to the brain also 
increases the chance of a miscarriage [16], possi-
bly through dysfunction of the hypothalamic- 
pituitary- ovarian-axis function [7, 35]. However, 
no evidence has been reported [35].

While none of these studies found a statisti-
cally significant association between chemother-
apy treatment during childhood and an increased 
risk for preterm birth or low birth weight [37], 
among chemotherapies, alkylating agents, includ-
ing cyclophosphamides, procarbazine, and busul-
fan, are strongly associated with ovarian failure in 
a dose-dependent manner [24, 37]. Estimates of 
dosing thresholds vary among reports; the ASCO 
identifies a cyclophosphamide dose ≧7.5 g/m2 in 
female younger than 20 years and a dose ≧5 g/m2 
in female older than 40  years as a high risk for 
amenorrhea after therapy [24, 26].
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15.3  Cancer Diagnosis During 
Pregnancy

The approximate incidence of cancer diagnosed 
during pregnancy is 1 per 1000 pregnancies in the 
USA (Smith et  al.). The most common types of 
cancer for women in the reproductive age group 
are breast cancer, hematological cancer, mela-
noma, cervical cancer, and thyroid in the USA 
(Smith et al.). After diagnosis of malignancy has 
been established during pregnancy, the patients 
should be referred to a multidisciplinary team 
containing, besides the oncology team, an obste-
trician and a neonatologist [42]. If chemotherapy 
cannot be delayed until after delivery, and if ter-
mination is not desired, or if termination is pro-
hibited by law, chemotherapy during pregnancy 
can be considered.

Chemotherapy should be administered only 
after the 12th–14th week of pregnancy until a ges-
tational week of 35th–37th [2]. Exposure during 
the first trimester increases the risk of spontane-
ous abortion, fetal death, and major malforma-
tions, and direct effects of the tumor sometimes 
confound the risks of fetal loss [2, 9]. The esti-
mated incidence for major malformations during 
the first trimester is 10–20% [1], while the admin-
istration of chemotherapy after the first trimester 
does not result in an increased rate of malforma-
tion [17]. During the second and third trimester, 
although the damage is suggested to be less exten-
sive since it is after the organogenesis period [2, 
37], the eyes and genitalia, the central nervous 
system (CNS), and the hematopoietic system 
remain vulnerable to exposure [2, 9, 37]. The risks 
of fetal growth restriction (FGR), preterm labor, 
and low birth weight are increased during the sec-
ond and third trimesters [9, 44]. The placenta 
plays a role as barrier and may protect the fetus 
from cytotoxic agents in maternal blood [2]. This 
information may prevent termination of preg-
nancy permitting treatment of disease during a 
pregnancy [25].

According to the recommendation from 
NCCN, radiation therapy during pregnancy is 
contraindicated [11]. However, in very rare cases, 
when radiation therapy is needed, it should be 
delivered in low therapeutic doses with adequate 
uterine shielding to minimize fetal exposure 
[11]. The successful use of radiation therapy in 

pregnancy, particularly in breast cancer, Hodgkin 
lymphoma, brain cancer, and head and neck 
tumors, with appropriate shielding describes 
healthy pregnancy outcomes showing fetal expo-
sure to be approximately 30–100 mGy from first 
and second trimester when tumor site dosing 
ranged from 30 to 80 Gy in the mother. However, 
fetal radiation doses >100  mGy are associated 
with fetal malformation and mental retardation 
[34, 37].

Surgery is possible at any time during preg-
nancy depending on the anatomic location of the 
tumor. In general, abdominal surgery is often 
deferred to the second trimester because the risk 
of miscarriage is decreased and the size of the 
uterus still allows a certain degree of access [13, 
14]. Van Calsteren et  al. have reported that sur-
gery was performed in 65.7% of women with any 
cancer treatment during pregnancy [8].

Whether or not pregnancy negatively influ-
ences maternal prognosis has been a topic to be 
discussed. The mortality for pregnant patients 
with cancer is not different from nonpregnant 
patients when corrected for stage and age at diag-
nosis [39]. It has been reported that patients with 
cancer during pregnancy present with a more 
advanced stage of disease because of delay in 
diagnosis [39]. Since stage of diagnosis is strongly 
correlated to prognosis, a higher stage at time of 
diagnosis (due to patient and doctor’s delay) may 
contribute to a worse maternal outcome, and this 
should be avoided where possible.

15.4  Contraceptive Use to Avoid 
Pregnancy

Many cancer units do not routinely bring up con-
traception necessity and many women during or 
following cancer treatment believe they are infer-
tile. Even though chemotherapy and radiation 
reduce fertility and may cause ovarian failure, 
many patients still remain fertile [18, 32]. In the 
USA, due to this imprecise recognition among the 
patients, many women patients and cancer survi-
vors aged 15–30 who got pregnant unintention-
ally were more likely to terminate a pregnancy 
than age-matched controls [16, 33]. For this rea-
son, here we aim to emphasize that contraception 
counseling is important. Women should be  
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counseled that irregular menses or amenorrhea 
does not always mean that they are infertile.

Contraception is a key to avoid unintended 
pregnancy; however, all contraception is not the 
same. The selection of contraception for cancer 
patients depends on the following factors: type of 
malignancy, disease status (active vs. remission), 
and other medical comorbidities. Combined 
hormone contraception should be avoided for 
hormone- dependent malignancy, such as breast 
cancer, because it may be able to effect prognosis 
or increase the possibility of recurrence. For 
patients who are contraindicated from utilizing 
estrogen therapy, other options include intra-
uterine devices (IUDs), barrier, or behavioral 
methods [17].

Furthermore the general recommendation of 
the optimal time point to attempt conception is 
2–5  years after completion of chemotherapy 
because that is the timeframe when most 
relapses occur [17]. Some oncologists recom-
mend 6 months after completion of chemother-
apy because this timeframe can eliminate any 
eggs damaged by chemotherapy or radiation and 
it has been suggested that it takes approximately 
6  months for a new cohort of follicles to be 
recruited for growth and maturation. However 
these recommendations are largely anecdotal, 
and there is no solid evidence to suggest that 
postponing conception will alter the outcome of 
cancer and pregnancy [6, 21].

15.5  Conclusion

There are many gaps in our knowledge, and we 
should keep continuing to develop the databases 
of obstetrical outcomes of cancer survivors and 
surviving offspring. Such a database would 
enhance the field-wide knowledge of the effects of 
cancer therapy and the risks on future offspring. 
Taken together, these understandings will 
improve the patients’ long-term QOL and address 
one of the most difficult problems facing an 
emerging group of cancer patients.

 Review Questions and Answers

 ?  Q1.  Why is it important to discuss 
treatment-related fertility risks and FP 
options prior to cancer therapy?

 v  A1.  It may be possible to preserve fertility if 
cancer patients are provided the 
information of the risk of infertility and 
FP options prior to initiation of cancer 
treatment. And also, understanding the 
treatment’s effect on fertility and 
patients’ ability to make decision can 
improve the long-term QOL during 
cancer survivorship.

 ?  Q2.  Are patients who experience 
oligomenorrhea or amenorrhea after 
chemotherapy always infertile?

 v  A2.  No. irregular menses or amenorrhea 
after cancer therapy does not always 
imply infertility. Reproductive-aged 
cancer patients should use 
contraceptives to avoid unintended 
pregnancy from the start of 
chemotherapy to at least 6 months 
after completion of chemotherapy.

 ?  Q3.  Does the age of exposure to 
chemotherapy matter to infertility?

 v  A3.  Even though older women have a 
much higher reported incidence of 
acute POI, occurring during or 
immediately following treatment, 
chemotherapy may damage to follicles 
at all ages. The age-related difference 
may be because of older women 
having a smaller primordial follicle 
reserve at the start of treatment 
compared with young women, so that 
the loss from that already reduced 
follicle pool is more likely to induce POI.

 ?  Q4.  What are the consequences of cancer 
treatment on pregnancy outcomes in 
cancer survivors?

 v  A4.  Female survivors exposed to abdominal 
irradiation had a significantly increased 
risk of low birth weight, preterm birth 
among their infant, and a small 
increased risk of miscarriage. The 
effects of chemotherapy in childhood 
cancer may vary among the reports, 
and it differs in each diagnosis and the 
kind of chemotherapeutic agents.
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 ?  Q5.  What are the effects of cancer 
treatment during pregnancy on fetal 
and child development?

 v  A5.  Chemotherapy in the first trimester is 
contraindicated because of an 
increased risk of congenital 
malformations and fetal death. The 
important risk of chemotherapy 
during second and the third trimester 
are preterm birth and low birth 
weight. Studies regarding radiation 
during pregnancy are insufficient.
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Key Points
 5 All patients should be counseled on the 

possibility of infertility arising as a con-
sequence of oncology treatments.

 5 Normal testicular function is based on an 
intact hypothalamic-pituitary-gonadal 
(HPG) axis.

 5 Testicular function comprises reproduc-
tive and androgenic function, and males 
may have a congenital or acquired 
defect in reproductive function (sper-
matogenesis), androgenic function (tes-
tosterone), or both.

 5 A serum testosterone level, a serum FSH 
level, and a semen analysis are currently 
the most robust biomarkers for assess-
ing testicular reserve in the male cancer 
survivor.

16.1   Overview

Over the past decade, numerous professional 
organizations have published fertility preserva-
tion recommendations that call for the seamless 
coordination of oncology care with concurrent 
fertility preservation care. For interested males, 
the cryopreservation of sperm prior to the initia-
tion of cancer therapy has become an important 
aspect of comprehensive cancer care. Because 
fertility preservation is a major concern for many 
male patients diagnosed with malignancy, it is 
of utmost importance for healthcare provid-
ers to discuss fertility preservation with affected 
patients as soon as possible after a cancer diagno-
sis is made.

In its updated guidelines published in 2013, 
the American Society of Clinical Oncology 
(ASCO) recommended that all patients should 
be counseled on the possibility of infertility aris-
ing as a consequence of oncology treatments. 
Additionally, these guidelines call for clinicians 
to offer early referral to fertility preservation spe-
cialists to further discuss these issues and help 
deliver fertility preservation care if the patient is 
interested [1].

Despite these guidelines, it is estimated that 
less than half of male pubertal cancer patients are 
referred for fertility preservation consultation or 
sperm cryopreservation. Furthermore, less than 

half of pediatric oncology specialists are famil-
iar with the ASCO recommendations on fertility 
preservation. This marked disparity exists despite 
the fact that published studies demonstrate that 
one of the biggest regrets male cancer survivors 
have is not discussing the deleterious reproduc-
tive effects of cancer therapy and options for fer-
tility preservation [2].

While some men may permanently lose the 
ability to produce viable sperm as a result of their 
cancer therapies, others will, over time, have 
the return of sperm to the ejaculate. The proper 
determination of posttreatment fertility is an 
important aspect of ongoing care and can be a 
fluid situation changing over weeks, months, and 
even years. Clinicians must be familiar with the 
reproductive toxicities associated with various 
cancer treatment regimens, as these side effects 
can impact the endocrine system which drives 
male reproduction, the testes in which sperm pro-
duction occurs, and the excurrent ductal system, 
which is responsible for sperm transport into the 
female reproductive tract. Finally, clinicians must 
be capable of accurately counseling patients as 
they consider their reproduction options.

Normal testicular function is based on an 
intact hypothalamic-pituitary-gonadal (HPG) 
axis. The HPG axis drives male sexual develop-
ment and fertility. This process is initiated by 
gonadotropin-releasing hormone (GnRH) that is 
secreted by the hypothalamus in a pulsatile man-
ner. The distinct frequency and amplitude of these 
pulses directly stimulates luteinizing hormone 
(LH) and follicle-stimulating hormone (FSH) 
secretion by the anterior pituitary gland. FSH and 
LH support testicular Sertoli cell and Leydig cell 
function, respectively.

Testicular function comprises reproductive 
and androgenic function, and males may have 
a congenital or acquired defect in reproductive 
function (spermatogenesis), androgenic function 
(testosterone), or both. In the assessment of male 
reproductive and androgenic testicular function, 
it is important to delineate between primary and 
secondary causes. Etiologies of primary testicular 
dysfunction are vast and can include cryptorchi-
dism, disorders of sexual development (DSDs), 
trauma, infection, iatrogenic causes, and medica-
tion use. Cancer therapies, including surgery, che-
motherapy, and radiation therapy, can also cause 
primary testicular failure and adversely affect 
fertility. Causes of secondary testicular failure can 
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include genetic abnormalities affecting the HPG 
axis, brain tumors, trauma, and iatrogenic causes. 
Again, cancer therapies such as surgery, chemo-
therapy, and radiation therapy can also impact 
the HPG axis, leading to secondary testicular 
failure and adversely affecting fertility. The effects 
of  cancer therapy, whether causing primary or 
secondary testicular failure side effects, occur in a 
dose-dependent and treatment-dependent man-
ner [3–6]. Spermatogenesis, for example, is often 
impacted by chemotherapy in a dose-dependent 
fashion [3]. A history of chemotherapy is also 
often associated with an increase in posttreat-
ment gonadotropin (LH and FSH) levels, a sign 
that the pituitary gland is actively compensating 
for impaired testicular production of testosterone 
and sperm, respectively [7]. Likewise, radiation 
therapy can affect testicular function by poten-
tially damaging both germ cells and Leydig cells. 
Transient effects on spermatogenesis are common 
at very low doses (≤2  Gy) of radiation therapy. 
Cumulative doses >2  Gy can result in transient 
or even permanent azoospermia [8]. At doses in 
excess of 20 Gy, Leydig cell testosterone produc-
tion is commonly affected, with some men devel-
oping lasting primary hypogonadism [8].

Biomarkers are, by definition, measurable 
indicators of a physiological state within an 
organism. Sensitivity, specificity, low cost, and 
attainability are hallmark features of an ideal bio-
marker, including biomarkers to monitor male 
androgenic and reproductive function [9]. As will 
be detailed below, numerous biomarkers have 
been investigated in order to quantify animal and 
human reproductive function [9]. When assess-
ing testicular reserve in a male cancer survivor, 
clinicians should keep in mind that the minimum 
initial evaluation of the patient should include a 
full medical history, physical examination, and 
measurement of serum testosterone and FSH 
 levels [10].

16.2   Evaluation

A full medical history, including a detailed 
accounting of all oncology treatments, is the first 
step in a comprehensive reproductive evaluation 
of male cancer survivors. Modes of therapy, dos-
age, and duration of treatment often impact the 
severity and duration of testicular dysfunction. A 
complete genitourinary exam is also an essential 

component of the evaluation of a male cancer sur-
vivor. Particular attention should be paid to the 
patient’s overall appearance, with an assessment 
for clinical signs of low androgen levels. This can 
include changes such as a decrease in muscle mass 
and body hair. A breast exam should be conducted 
to assess for gynecomastia, which is a common 
sign of hyperestrogenemia. Additionally, a careful 
scrotal exam should be performed. This includes 
documentation of the size, consistency, and loca-
tion of the testicles bilaterally. Assessment for the 
presence and condition of the epididymis and vas 
deferens is also important. The clinician should 
assess these structures meticulously in order to 
assess for changes that might suggest evidence of 
inflammation and/or obstruction that can some-
times result in response to the tumor or iatrogeni-
cally as an outcome of cancer therapies. While not 
a foolproof determinant of reproductive poten-
tial, testicular size can be a meaningful predic-
tor of testicular function (hormone and sperm 
 production) [11].

16.3   Hormones

Serum testosterone and FSH levels are useful in 
determining reproductive potential and facilitat-
ing the differentiation between subtypes of subfer-
tility and infertility [10]. Endocrine abnormalities 
are highly prevalent in the setting of certain types 
of cancer. For example, among testicular cancer 
survivors, half will have at least one abnormality 
long term in testosterone, LH, or FSH following 
treatment [7].

FSH acts on testicular Sertoli cells to support 
spermatogonial proliferation and maturation 
through meiosis. FSH levels have been shown to 
be inversely correlated to testicular spermatogenic 
function and are commonly used as a barometer 
for spermatogenesis. Schoor et  al. published data 
demonstrating that 8% of men with nonobstructive 
azoospermia will have a serum FSH level greater 
than 7.6 mIU/ml and a testicular long axis of 
<4.6 cm. These authors also showed that over 90% 
of men with normal sperm production will have 
an FSH in the normal range [12]. Several other 
groups have critically assessed the role of FSH as a 
biomarker for spermatogenesis and have reported 
similar findings. These authors have collectively 
recommended FSH reference ranges for adult 
men with the upper limit of normal for FSH being 
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between 7.5 and 7.8 mIU/ml [13, 14]. Since there 
is minimal diurnal variation in FSH levels, a single 
level is sufficient to assess spermatogenesis [15].

Occasionally, an oncology patient will be 
found to have an abnormally low serum FSH 
level. This can result from tumor involvement 
with the hypothalamus and/or pituitary gland or 
cancer treatments (especially radiation therapy or 
surgical procedures) involving these same struc-
tures. For patients affected by abnormally low 
FSH levels, recombinant FSH (r-FSH) therapy 
typically results in normalization of FSH levels 
and restoration of fertility potential.

LH stimulates testicular Leydig cell testoster-
one production. Serum levels of LH help to delin-
eate if the origin of androgenic testicular failure 
is secondary to a central cause (low LH) or to a 
primary testicular cause (normal or increased 
LH). Sometimes, an oncology patient will be 
found to have abnormally low serum LH levels. 
As is the case for low FSH, this can result from 
tumor involvement with the hypothalamus and/
or pituitary gland or cancer treatments involving 
these same structures. For patients affected by 
abnormally low LH levels, hCG therapy typically 
results in normalization of testosterone levels and 
restoration of fertility potential.

Testosterone is the male sex hormone that stim-
ulates male muscle mass production, hair growth, 
libido, erections, bone health, and RBC produc-
tion. Testosterone is also paramount in support-
ing spermatogenesis [16–18]. LH stimulates 
testicular Leydig cells to produce testosterone, 
which has autocrine, paracrine, and endocrine 
effects. Low levels of testosterone, although not 
necessarily predictive of spermatogenic failure, 
can potentiate poor sperm production and low 
sperm concentrations in the semen. Testosterone 
levels peak early in the morning, and AM levels 
are preferred for evaluation purposes. In the set-
ting of post-cancer treatment, the best predictors 
of low testosterone are increasing patient age and 
low residual testicular volume <12 cc [19].

Inhibin B is a dimer molecule comprised of 
alpha and beta subunits and is secreted by Sertoli 
cells in the testicle. Inhibin B exerts negative feed-
back on FSH secretion by the anterior pituitary 
gland, and there is thus an inverse relationship 
between serum inhibin B and serum FSH levels. 
Inhibin B levels are positively correlated with tes-
ticle volume and sperm concentration. In infer-
tile patients, inhibin B levels are decreased and 

FSH levels are increased. In general, the more 
pronounced the degree of spermatogenic impair-
ment and the earlier the state of spermatogenic 
disruption, the lower the inhibin B level.

In patients with a history of receiving chemo-
therapy or radiation therapy, inhibin B levels are 
often diminished [20]. Some investigators postu-
late that inhibin B and inhibin B/FSH ratios are 
more sensitive markers of male infertility than 
FSH levels alone [21]. Others have shown that 
levels of inhibin B can predict basal and reserve 
Sertoli cell activity [22]. Despite these findings, 
inhibin B has a limited role in serving as a marker 
of spermatogenesis, with conflicting results being 
reported in the literature. For example, inhibin 
B levels are not reliable predictors of the pres-
ence of some foci of spermatogenesis in men 
with azoospermia [23]. Because of the incon-
sistent results, most clinicians do not routinely 
use serum inhibin B as a marker for predicting 
 spermatogenesis.

Anti-Müllerian hormone (AMH) is another 
hormone that has garnered attention as a possible 
reproductive biomarker in males. In females, 
AMH serves as a biomarker for ovarian reserve. In 
males, some authors have suggested that this pro-
tein may be helpful to determine gonadal func-
tion, including FSH activity upon the testicle and 
androgen action within the testicle [24]. Several 
studies have specifically investigated the role of 
AMH as a marker for spermatogenesis [25] and, 
more specifically, chemotherapy-induced tes-
ticular toxicity [26]. To date, AMH has not been 
found to be a reliable predictor of spermatogen-
esis in men with infertility, including men with 
a history of cancer treatments. AMH is thus not 
routinely used to determine testicular reserve, 
in contrast to its effective role in determining 
 ovarian reserve.

Estrogen is formed in males by the periph-
eral aromatization of testosterone in the adipose, 
brain, skin, and bone tissue. Estrogen’s role in 
spermatogenic maturation is still being delin-
eated. In excess levels, it inhibits GnRH and LH 
release. At this time, estrogen is not routinely 
used in the evaluation of testicular reserve fol-
lowing cancer therapy, but it is a lab value often 
checked in the clinical evaluation of an infertile 
male. For cancer survivors with obesity, estradiol 
serum levels should be assessed to ensure that lev-
els are not elevated, which can result in suppres-
sion of testosterone production.
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16.4   Semen Testing

Cryopreservation of sperm prior to the com-
mencement of gonadotoxic cancer treatment is 
the preferred approach for fertility preservation in 
males. Sperm banking should be considered for 
all patients diagnosed with any malignancy, espe-
cially males diagnosed with testicular cancer, leu-
kemia, and lymphoma. The importance of sperm 
cryopreservation is evident in studies revealing 
that most cancer patients remain interested in 
future fertility and continue storage of banked 
sperm even after completion of cancer treatment 
[27, 28]. Men who cryopreserve sperm are more 
likely to be young and single compared to those 
who opt against sperm banking. Additionally, 
men who bank sperm are more likely to father 
a child after treatment, whether it be by natural 
means or IVF [29, 30]. While interest in fertility 
preservation is high, approximately 10–15% of 
oncology patients who desire to bank sperm are 
unable to do so for a variety of reasons, including 
psychosocial issues, anejaculation, necrospermia, 
or azoospermia [28, 31]. For these males, sperm 
can often be surgically extracted from the testicles 
for cryopreservation. Also, while high percent-
ages of patients opt to bank sperm, there are those 
men who choose not to do so. Proper reproduc-
tive counseling is imperative for these men who 
decide against sperm cryopreservation before 
commencing oncologic therapy, as they may put 
themselves at risk of permanent infertility.

At baseline, before initiation of cancer therapy, 
patients with certain malignancies may have sig-
nificantly lower sperm concentration and worse 
semen quality compared to fertile controls [28, 
31, 32]. Six to 11.8% of all oncology patients will 
be azoospermic at the time of presentation [31, 
33–35]. This is in stark contrast to the incidence 
of azoospermia in the general population, which 
is 1% [36]. Overall tumor burden and tumor stage 
are factors that can impact these parameters in 
some men [37, 38]. Chemotherapeutic regimens 
can also have an array of effects on spermatogen-
esis. This can range from no or minimal impact 
on semen parameters to temporary oligospermia 
or azoospermia with significant recovery to nor-
mospermia [4], to irreversible oligospermia, or to 
azoospermia [3]. The latter outcome is particularly 
associated with alkylating agent in chemotherapy. 
Similarly, radiation therapy can also affect quanti-
tative semen characteristics in the short and long 

term, but semen parameters will often return to 
baseline by 24  months after treatment [32]. The 
ultimate effects on spermatogenesis, however, 
depend largely on the dose and location of radia-
tion therapy being delivered. Bujan et al. demon-
strated that 6% of men remained azoospermic at 
12 months and 2% at 24 months following radia-
tion therapy for testicular cancer [32].

Unlike in females, where ovarian reserve is 
established in utero and declines over time, sper-
matogenesis commences at puberty and contin-
ues throughout life. Because of this, the semen 
analysis is currently the gold standard for assess-
ing fertility status in the male. This test is read-
ily available at most tertiary care centers and can 
be performed at any age after puberty. The rapid 
increase in spermatogonial density and testicular 
volume associated with increasing gonadotropin 
levels starts at an average age of 11  years [39]. 
However, when assessing one’s ability to produce 
a semen specimen, the focus should be on Tanner 
stage and not on chronological age [40]. In a 
study from Children’s Hospital of Philadelphia 
assessing semen quality in AYA patients, 64.5%, 
80.5%, and 90.3% of patients had sperm present 
on semen analysis in age groups 11–14, 14–17, 
and 17–30  years, respectively [40]. Average 
sperm concentration was 20.0, 33.8, and 40.0 mil-
lion sperm/ml in age groups 11–14, 14–17, and 
17–30 years, respectively [40].

Semen analysis testing is an easy, cost- 
effective, and noninvasive mode of determining 
fertility potential in the male. Important param-
eters that comprise a formal semen analysis 
include the semen volume, sperm concentration, 
sperm motility, and sperm morphology. In 2010, 
the World Health Organization (WHO) pub-
lished the fifth edition of the Laboratory Manual 
for the Examination and Processing of Human 
Semen. Normal reference ranges were based on 
semen parameters of men whose partners became 
pregnant within 12 months of trying to conceive. 
Cutoffs above the fifth percentile were considered 
normal [41]. . Table  9.1 represents normal ref-
erence ranges of bulk semen parameters for the 
WHO IV and WHO V editions.

Although these values are all taken into 
account when discussing male fertility, there 
is no algorithm available to reliably predict 
future fertility in men based on varying levels of 
sperm concentration, motility, and morphology. 
Calculations of the total sperm count, total motile 
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sperm count, and morphology cutoffs have all 
been fraught with inaccuracy in predicting abso-
lute fertility potential.

Furthermore, some men have an absence 
of sperm in ejaculated semen, or azoospermia. 
In a systemic review in 2016, 7% of AYA cancer 
patients were unable or failed to cryopreserve, the 
majority of these being secondary to azoospermia 
[42]. But even in the most challenging of cases, 
options for fertility are available. Live births are 
possible in azoospermic men via sperm retrieval 
with microdissection testicular sperm extraction 
and subsequent use with IVF [43].

16.5   Future Direction

In this evolving age of personalized medicine, 
increasing attention has been focused on the 
genetics of male fertility. As in other disease states, 
biomarkers are frequently used for diagnosis and 
stratification, treatment selection, monitoring of 
disease progression, and establishing patients’ 
responses to therapy [44]. Although semen analy-
sis testing is still recognized as a surrogate marker 
of male fertility, the exponential growth of bio-
markers derived from proteomics, epigenomics, 
and genomics has contributed to a new direction 
of male fertility research. This shift in investiga-
tive focus could prove to be the next frontier 
in directed personalized medicine. However, 
although many studies have evaluated the genetic 
basis of male fertility, basic science and transla-
tional research have not resulted in a wealth of 
clinically useful diagnostic tests. Ideally, insights 

would be gained into genetic susceptibility to var-
ious cancer therapies, as well as propensity of an 
individual to regain reproductive function after 
completion of cancer treatment.

More than 3000 genes (about 4% of human 
genome) are expressed in the testicles alone, and hun-
dreds of these genes influence reproductive function 
in humans [45]. Additionally, there are over 4000 
proteins expressed in the seminal plasma. Because 
of this, significant attention has been focused on 
the proteomes of the testicles, sperm, seminal fluid, 
and epididymis [46]. It is thought that these proteins 
might represent a rich source of potential biomark-
ers for male fertility [47], and characterization of the 
reproductive proteome might ultimately lead to sig-
nificant improvement in the evaluation of the male 
reproductive tract [48, 49].

This enhanced understanding of fertility 
markers at the level of the individual might facili-
tate the development of more comprehensive 
prognostic models for patients. The benefit of this 
approach would be potentially enhanced diag-
nostic capabilities, reduced cost, and personalized 
fertility treatments that anticipate reproductive 
success at baseline (before cancer treatment) 
and post-cancer therapy. This field is still quite 
young, and it is estimated that more than 1000 
biomarkers would be needed to accurately evalu-
ate male fertility potential [50]. Although much 
more clinical insight is needed, the implications 
of a more personalized approach to infertility risk 
stratification would be an enormously useful tool 
for clinicians and patients alike.

In conclusion, a serum testosterone level, a 
serum FSH level, and a semen analysis are cur-
rently the most robust biomarkers for assessing 
testicular reserve in the male cancer survivor. As 
the era of “personalized medicine” progresses, 
panels of biomarkers that stratify baseline fertil-
ity potential and posttreatment infertility risk 
will facilitate clinical decision-making for both 
healthcare providers and their patients.

 Review Questions and Answers

 ? Q1.  A comprehensive urologic physical 
exam should include:
 (a) Overall appearance, including mus-

cle mass and body hair
 (b) A breast exam to assess for gyneco-

mastia

       . Table 9.1 Bulk semen parameters

WHO fourth 
edition

WHO fifth 
edition

Volume ≥2.0 ml ≥1.5 ml

Sperm 
concentration

≥20 million 
sperm per ml

≥15 million 
sperm per ml

Sperm 
motility

≥50% total 
motility

≥40% total 
motility

Sperm 
morphology

≥14% normal 
forms

>4% normal 
forms

White blood 
cells

≤1.0 × 106 
per ml

<1.0 × 106 
per ml
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 (c) Testicular exam documenting the 
size, consistency, and location of the 
testicles bilaterally

 (d) Assessment of spermatic cord struc-
tures for the presence and condition 
of the epididymis and vas deferens

 (e) All of the above.

 v A1. (e)

 ? Q2.  When assessing testicular function, the 
minimum hormone evaluation should 
include:
 (a) FSH and LH
 (b) LH and Testosterone
 (c) FSH and Testosterone
 (d) AMH and Testosterone
 (e) Inhibin B and Testosterone

 v A2. (c)

 ? Q3. FSH
 (a) Is produced in the hypothalamus 

and acts on testicular Sertoli cells to 
support spermatogonial prolifera-
tion and maturation

 (b) Is produced in the anterior pituitary 
and acts on testicular Sertoli cells to 
support spermatogonial prolifera-
tion and maturation

 (c) Is produced in the hypothalamus 
and acts on testicular Leydig cells to 
stimulate testosterone production

 (d) Is produced in the anterior pituitary 
and acts on testicular Leydig cells to 
stimulate testosterone production

 (e) Is produced in the testicle and 
acts on Sertoli cells to support sper-
matogonial proliferation and matu-
ration

 v A3. (b)

 ? Q4. LH
 (a) Is produced in the hypothalamus 

and acts on testicular Sertoli cells to 
support spermatogonial prolifera-
tion and maturation

 (b) Is produced in the anterior pituitary 
and acts on testicular Sertoli cells to 
support spermatogonial prolifera-
tion and maturation

 (c) Is produced in the hypothalamus 
and acts on testicular Leydig cells to 
stimulate testosterone production

 (d) Is produced in the anterior pituitary 
and acts on testicular Leydig cells to 
stimulate testosterone production

 (e) Is produced in the testicle and acts 
on Sertoli cells to support spermato-
gonial proliferation and maturation

 v A4. (d)

 ? Q5.  Testosterone is responsible for 
 supporting
 (a) Muscle mass
 (b) Hair growth
 (c) Libido and erections
 (d) Bone health
 (e) Red blood cell production
 (f ) All of the above

 v A5. (f )
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Key Points
 5 Fertility preservation options for pubertal 

boys and adult men include sperm banking 
and testicular sperm extraction (TESE).

 5 For prepubertal boys, there are no 
standard of care options. The only option 
for prepubertal boys is testicular tissue 
cryopreservation, which is still consid-
ered experimental.

 5 Experimental techniques currently in the 
pipeline for restoring fertility with 
cryopreserved testicular tissues include 
spermatogonial stem cell transplanta-
tion, de novo testicular morphogenesis, 
testicular tissue grafting and xenograft-
ing, and testicular tissue organ culture.

 5 Many centers around the world are 
actively cryopreserving testicular tissues 
for prepubertal boys who are at risk for 
infertility in anticipation that those 
samples can be use in the future for 
reproductive purposes.

17.1  Introduction

Improvements in cancer therapies have resulted 
in improved 5-year survival rates [68] and an 
increasing focus on quality of life after cure. 
Cancer survivors report that parenthood is 
important to them, and distress over infertility 
has long- term psychological and relationship 
implications [152]. Therefore, the American 
Society for Clinical Oncology [96, 100] and the 
American Society for Reproductive Medicine 
[37, 38] recommend that patients be educated 
about the reproductive risks associated with 
their therapy as well as options for preserving 
fertility.

Whole-body radiation, radiation to the hypo-
thalamus, pituitary, or testes, and alkylating and 
heavy metal chemotherapies are particularly toxic 
to male fertility [54, 67, 80, 94, 97, 105, 171]. This 
is an important public health concern because 
nearly 25,000 males under the age of 44 will be 
diagnosed with cancer each year in the United 
States. Epidemiological data [54, 68, 106] indicate 
that most of these patients will survive their can-
cer, but many will receive treatments that put 
them at significant risk for infertility. The 
Childhood Cancer Survivor Study (CCSS) has 

shown that male survivors of childhood cancer 
are half as likely to achieve a pregnancy with their 
partner compared to their male siblings [54]. 
When rates of infertility were studied in the CCSS, 
46% of cancer survivors compared to 18% of sib-
lings reported experiencing infertility [172].

Patients and families with children facing a 
cancer diagnosis and planning for treatment may 
be ill-prepared to discuss, think about, or take 
action to preserve their future fertility before ini-
tiating treatment. Unfortunately, while healthcare 
professionals acknowledge the need to discuss 
fertility preservation with their patients, fertility 
counseling is not consistently implemented [154, 
155]. Consequently, many families are inade-
quately informed of the risk of infertility [154] 
and the options they have to preserve their child’s 
fertility [140]. Insufficient training for medical 
staff to counsel patients on this sensitive topic has 
been identified as an important factor, along with 
patient factors such as degree of disease, age, and 
cultural/religious concerns [48]. Both parents and 
adolescent cancer patients identify fertility as an 
important life goal after cancer [87].

Spermatogonial stem cells (SSCs) are at the 
foundation of spermatogenesis and maintain 
continuous sperm production throughout the 
postpubertal life of men [27, 123, 161, 165]. 
Spermatogenesis is an extraordinarily produc-
tive process that generates more than 100 million 
sperm each day from the testes of adult men 
[156]. Because spermatogenesis is such a pro-
ductive system, it can sometimes become an 
unintended target of cancer therapies that are 
toxic to rapidly dividing cells. Therapies that 
deplete the stem cell pool and/or damage the 
somatic niche can cause temporary or perma-
nent infertility. Infertility in male cancer survi-
vors is due to impaired spermatogenesis, which 
can be characterized as oligospermia (<15 mil-
lion sperm/ml of semen) or azoospermia (no 
sperm in the semen). High-dose alkylating 
agents (e.g., cyclophosphamide, busulfan, mel-
phalan, chlorambucil), bleomycin, testicular 
radiation >400 cGy, or genitourinary surgery are 
associated with the highest risk of developing 
azoospermia [20, 97, 105, 107, 171, 172]. In con-
trast to spermatogenesis, the steroidogenic func-
tion of the testes appears to be less affected by 
cancer therapy and the testosterone- producing 
Leydig cells appear to be fairly resistant to dam-
age by chemotherapy [22].
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17.2  Sperm Banking: The Gold 
Standard Procedure for Male 
Fertility Preservation

Boys who have reached Tanner III of pubertal 
development and adult men have the option to 
cryopreserve a semen sample containing sperm 
before initiating treatment, which can be thawed 
at a later date to achieve pregnancy by intrauter-
ine insemination [3], in  vitro fertilization (IVF, 
[159]), or IVF with intracytoplasmic sperm injec-
tion (ICSI, [118]). Unfortunately, only about 24% 
of adult men freeze a semen sample before initiat-
ing their therapy [153]. Some males as young as 
12 or 13 years of age are capable of producing a 
semen sample. Semen is produced via masturba-
tion, but other methods such as vibratory stimula-
tion [151] or electroejaculation [2, 45] have been 
used. Ideally, patients should provide two to three 
specimens obtained at 2–3 day intervals. Standard 
semen analysis would be performed by the 
andrology laboratory, and results will be available 
within 1 day to confirm whether the semen speci-
mens contain sperm. Some patients have asked if 
it is safe to preserve sperm if they have just started 
chemotherapy. There is insufficient data and no 
consensus about best practices in this scenario. 
Please see the following references for discussion 
[15, 21, 104].

17.3  Testicular Sperm Extraction 
(TESE)

For patients who did not preserve a semen sample 
and have persistent azoospermia after cancer 
therapy, there is the option to retrieve rare sperm 
directly from the testis during a surgical proce-
dure called testicular sperm extraction (TESE). 
This is possible because a few SSCs may survive 
the gonadotoxic therapy and produce focal areas 
of spermatogenesis in the seminiferous tubules. 
Hsiao and colleagues recently described their 
experience with 73 patients with postchemother-
apy azoospermia [70]. They reported that sperm 
were successfully retrieved from 37% of patients 
on initial attempt, with an overall success rate of 
42.9%. Fertilization rate with the retrieved sperm 
was 57%; the pregnancy rate was 50%; and the live 
birth rate was 42%. Success in retrieving sperm 
was treatment dependent in that study, with the 

lowest sperm recovery success rates (21%) in 
patients receiving alkylating chemotherapy [70]. 
Picton and colleagues surveyed results from a 
total of five centers (including the Hsiao et  al. 
study) and reported an overall sperm recovery 
rate of 44% in azoospermic patients undergoing 
TESE after chemotherapy [124].

There are currently no standard options to 
treat the infertility of adult patients who did not 
cryopreserve a semen sample and were not suc-
cessful with the TESE/ICSI procedure. Adoption 
and third-party reproduction are family-building 
options for these patients, but most cancer survi-
vors prefer to have their own biological children 
[96]. Therefore, sperm banking should be dis-
cussed with all pubertal, adolescent, and adult 
males who are able to produce a semen sample.

17.4  TESE for Men and Adolescent 
Boys with Klinefelter 
Syndrome

TESE is also used effectively for Klinefelter 
Syndrome (KS) patients who typically have a 46, 
XXY karyotype and azoospermia, often character-
ized as a Sertoli cell only phenotype. However, 
germ cells are sometimes present in the testes of KS 
patients, which produce focal areas of spermato-
genesis in the testes. Success rates for retrieving 
sperm by TESE from the testes of KS patients are 
consistently above 50% (50–72%) [14, 88, 114, 130, 
147, 183] and are similar to the success rates 
reported for TESE in azoospermic patients without 
Klinefelter syndrome. Most importantly, pregnancy 
rates and live birth rates after ICSI are similar in 
couples with or without KS, and children fathered 
by KS patients have a normal karyotype [14, 147, 
183]. The infertility phenotype of KS patients is 
considered progressive, with rapid declines in sper-
matogenesis during the teenage years [5, 103, 174]. 
Previous studies in adult KS patients reported that 
sperm recovery rates were significantly lower after 
the age of 35 [14, 114, 130]. Therefore, early inter-
vention may be important to preserve the fertility 
of Klinefelter patients. In fact, some centers have 
protocols to retrieve sperm by TESE from adoles-
cent boys with KS based on the understanding that 
the likelihood of retrieving sperm in later years will 
be reduced [103, 112]. Other groups, however, did 
not find that performing TESE at a younger age 
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increased the chances of successful sperm retrieval 
[126, 174], and there is considerable debate about 
the benefit of early fertility intervention for KS 
patients [112, 134].

Typically, pubertal development is determined 
by Tanner staging of pubic hair and genitalia 
development, testicular size, and hormone levels. 
In most boys, the median age of onset of sper-
matogenesis is 13–14 years, correlating to a geni-
tal Tanner stage III. However, in patients with KS, 
the early stages of pubertal development that con-
sist of increase in size of the testes are not reliable 
since testicular size is often diminished. It is cur-
rently unknown when spermatogenesis starts in 
boys with KS.  While it seems to be commonly 
accepted that there is a progressive depletion of 
germ cells in the testes of KS patients after the 
onset of puberty, the evidence to support this 
notion is equivocal with small patient popula-
tions, lack of controls, and no longitudinal data. 
In addition, the standard therapy for boys with KS 
is testosterone replacement therapy in order to 
trigger entry and progression of puberty, second-
ary sexual characteristics, bone development, and 
longitudinal growth. However, testosterone sup-
plementation also suppresses spermatogenesis (if 
present) even further through negative feedback 
on the hypothalamus-pituitary-gonadal axis. 
Some argue that any intervention to preserve fer-
tility for KS patients should ideally precede hor-
mone replacement therapy [169], although recent 
studies have shown that testosterone replacement 
therapy might not negatively affect spermatogen-
esis in KS patients [42, 103]. The risks of invasive 
surgical procedures like TESE for boys should be 
carefully weighed against the possible benefits for 
this unique patient population. Systematic, longi-
tudinal studies are needed to characterize sper-
matogenic decline in KS patients.

17.5  Gonadal Shielding

Gonadal shielding can be used to protect the tes-
tes from scatter radiation using lead shielding. 
The proper shielding technique should be care-
fully evaluated on a case-by-case basis depending 
on total radiation dose, fractionation, and the 
specific mode of delivery of the external beam 
therapy [39, 142, 180]. However, when the testic-
ular tissue requires radiation therapy as a part of 
cancer treatment, shielding cannot be used. At 

other times, the proximity of the testes to the tar-
get of radiation results in scatter radiation to the 
testes, which can also result in impaired sper-
matogenesis.

17.6  Testicular Tissue Banking: 
An Experimental Procedure 
for Fertility Preservation

There are currently no standard of care options to 
preserve the future fertility of prepubertal boys 
who are not yet producing sperm. This is an 
important human health concern because, with 
improved therapies, the event-free survival rate of 
children with cancer is 85% [69], and these survi-
vors can look forward to a full and productive life 
after cure. We estimate that each year in the 
United States, more than 2000 boys will receive 
gonadotoxic treatments for cancer or other condi-
tions (e.g., myeloablative conditioning prior to 
bone marrow transplantation) that put them at 
high risk for infertility [166]. Prepubertal boys are 
not producing sperm, but they do have spermato-
gonial stem cells (SSCs) in their testes that are 
poised to initiate sperm production at the time of 
puberty [119]. There are several methods in the 
research pipeline, including SSC transplantation, 
testicular tissue grafting or xenografting, testicu-
lar tissue organ culture, and de novo testicular 
morphogenesis that might be used to restore 
spermatogenesis or fertility from cryopreserved 
SSCs and/or testicular tissue. Induced pluripotent 
stem cell (iPSC) technologies may also be a fertil-
ity option for cancer survivors in the future. These 
methods are reviewed in this chapter.

Anticipating that new therapies will be avail-
able in the future, many centers in the United 
States and abroad have determined that it is rea-
sonable to preserve testicular tissue for young 
patients who are at risk for infertility and have no 
other options to preserve their fertility [50, 53, 81, 
116, 124, 139, 141, 178]. Testicular tissue-based 
fertility preservation methods for children are 
considered experimental and should be per-
formed with institutional review board (IRB) 
oversight and approval. Although no pregnancies 
from cryopreserved testicular tissues have been 
reported in humans to date, two centers reported 
that the majority of parents  consented to fertility 
preservation procedures on behalf of their chil-
dren [49, 176, 178].

Male Fertility Preservation: Current Options and Advances in Research



214

17

17.7  Considerations for Testicular 
Tissue Collection, Processing, 
and Freezing

Testicular tissue for cryopreservation is obtained 
via needle biopsy, wedge biopsy, or orchiectomy, 
ideally before the initiation of gonadotoxic treat-
ment (surgery, chemotherapy, radiation). There is 
insufficient experience or evidence to recommend 
a particular surgical approach or orchiectomy, 
and each center will make those decisions based 
on individual and/or institutional biases about 
what is in the best interest of the patient in the 
short term and long term. Needle biopsy may be 
the least invasive but has an increased risk of 
unmitigated bleeding and recovers the least 
amount of tissue for downstream fertility applica-
tions. Wedge resection is more invasive than nee-
dle biopsy but may allow recovery of more 
testicular tissue (depending on surgeon prefer-
ence), and bleeding can be controlled during sur-
gery. Orchiectomy (removal of an entire testis) is 
the most invasive procedure but allows for the 
greatest recovery of testicular tissue for down-
stream fertility applications, and bleeding can be 
controlled during surgery. Collection of more tis-
sue at the time of surgery should correlate with 
increased recovery of SSCs and greater flexibility 
for future fertility applications. However, limited 
tissue should not be a deterrent to enrollment in a 
testicular tissue cryopreservation protocol. There 
are several experimental cell-based and tissue- 
based options under development with different 
requirements for the amount of cells/tissue that 
will be needed.

There are no established “best practices” for 
processing and freezing testicular tissue or cells. 
Two labs examined the postthaw recovery of sper-
matogonia from cryopreserved human testis cell 
suspensions versus intact pieces of testicular tissue. 
Yango and colleagues reported that recovery of 
SSEA4+ (undifferentiated spermatogonia marker) 
spermatogonia from cryopreserved fetal testicular 
tissue was similar to cryopreserved testicular cells, 
but recovery of SSEA4+ cells from cryopreserved 
adult testicular cells was greater than cryopre-
served testicular tissue [182]. Pacchiarotti and 
coworkers reported that cryopreservation of 
 testicular tissue was comparable in most aspects to 
cryopreservation of a cell suspension. However, 
while the viability of total cells from the 

 cryopreserved tissue was higher than the cryopre-
served cell suspension, the recovery of SSEA4+ and 
VASA+ (pan germ cell marker) germ cells from 
cryopreserved tissue pieces tended to be greater 
than cryopreserved cell suspensions. These differ-
ences were not significant [117].

For fertility preservation, most centers are 
freezing intact pieces of testicular tissue for 
patients because this preserves the option for 
both tissue-based and cell-based therapies in the 
future [11, 50, 53, 81, 115, 124, 164, 178]. Biopsied 
testicular tissues are typically cut into small 
pieces (1–9 mm3), suspended in a DMSO-based 
freezing medium, and frozen at a controlled slow 
rate using a programmable freezing machine 
(. Fig. 17.1) [50, 81, 82, 116, 124, 164, 177, 178]. 
Some centers have reported using an ethylene 
glycol-based freezing medium instead of DMSO 
[19, 93, 163], and some centers have reported 
that the viability of vitrified testicular tissue is 
similar to tissue frozen at a controlled slow rate 
[13, 26, 127, 138]. This may improve access to 
testicular tissue freezing technology in centers 
that do not have programmable freezing 
machines. The experimental endpoints that have 
been used to evaluate freezing protocols have 
been varied and include cell viability, immuno-
cytochemistry for spermatogonial markers, 
ultrastructural, histological and/or immunohis-
tochemical examination of cultured or grafted 
tissue, and hormone production. Systematic 
studies on prepubertal human testicular tissues 
with evaluation of both cell-based and tissue-
based endpoints are needed. It is possible that the 
optimal freezing condition depends on the 
intended use of the tissue or cells.

17.8  Testicular Cell-Based Methods 
to Preserve and Restore Male 
Fertility

Spermatogonial Stem Cell Transplantation  
Spermatogonial stem cell transplantation was first 
described by Ralph Brinster and colleagues in 
1994, who demonstrated that SSCs could be iso-
lated and transplanted to regenerate spermatogen-
esis in infertile recipient mice [17, 18]. SSC 
transplantation has now been reported in mice, 
rats, pigs, goats, bulls, sheep, dogs, and monkeys, 
and donor-derived progeny have been produced by 

 K. Gassei et al.



215 17

natural breeding in mice, rats, goats, and sheep [16, 
60–62, 72, 73, 84, 108, 110, 113, 148, 157]. SSCs 
from donors of all ages, newborn to adult, are com-
petent to regenerate spermatogenesis [137, 157], 
and SSCs can be cryopreserved and retain sper-
matogenic function upon thawing and transplanta-

tion [28, 29, 60]. Thus, it appears feasible that a 
testicular tissue biopsy (containing SSCs) could be 
obtained from a prepubertal boy prior to gonado-
toxic therapy, frozen, thawed at a later date, and 
transplanted back into his testes to regenerate sper-
matogenesis. If spermatogenesis from transplanted 
cells is robust, this approach may restore natural 
fertility, allowing survivors to achieve pregnancy 
with their partner by natural intercourse and have 
biological children.

Radford and colleagues already reported cryo-
preserving testicular cells for 11 adult non- 
Hodgkin’s lymphoma patients in 1999 and 
subsequently reported transplanting autologous 
frozen and thawed testis cells back into the testes 
of seven survivors [128, 129]. The fertility out-
comes for patients in that study have not been 
reported, and even if the men fathered children, it 
would not be possible to ascertain whether the 
sperm arose from transplanted stem cells or sur-
viving endogenous stem cells. This uncertainty 
will always plague the interpretation of human 
SSC transplant studies where it is not ethically 
possible to genetically mark the transplanted cells 
because the genetic modification would be trans-
mitted to the progeny. Therefore, large epidemio-
logical datasets  generated over decades will be 
required to prove the fertility benefit of SSC trans-
plantation. Nonetheless, this study demonstrates 
that patients are willing to pursue experimental 
stem cell-based options even when there is no 
guarantee of a fertile outcome. There are no pub-
lished reports of SSC transplantation in humans 
since Radford’s follow-up report of his non- 
Hodgkin’s lymphoma patients in 2003 [128].

17.9  Translating Spermatogonial 
Stem Cell Transplantation into 
the Clinic: Challenges 
and Opportunities

Considering the progress in several animal mod-
els and the fact that testicular tissues have already 
been cryopreserved for hundreds of human 
patients worldwide [50, 53, 81, 116, 128, 129, 139, 
141, 178], it seems reasonable to expect that SSC 
transplantation and/or other stem cell technolo-
gies will impact the fertility clinic in the next 
decade. However, there are several safety and fea-
sibility issues that must be considered.

Sterile
environment

Tissue received in
sterile specimen

container
Sterile
tools

Cryopreservation media Ice pack

a

b

c

       . Fig. 17.1 Testicular tissue cryopreservation. Testicular 
tissues are transported on ice from the operating room 
to the andrology lab in a sterile specimen container 
containing medium. (a) The tissue is kept cool and 
processed in a sterile environment with sterile tools. 
(b) Most centers cut the testicular tissue into small pieces 
(1–9 mm3) and deposit these pieces in cryovials with 
DMSO-based freezing medium. (c) Controlled slow rate 
freezing using a freezing machine
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Spermatogonial Stem Cell Culture Based on our 
experiences at the Fertility Preservation Program 
in Pittsburgh [116] and published reports [50, 81], 
it is reasonable to expect that 50–1000 mg of tes-
ticular tissue can be obtained by wedge biopsy or 
needle biopsy from a single testis of a prepubertal 
boy. This is a small amount of tissue relative to the 
size of adult human testes that can range from 11 to 
26 g in size [167]. It is widely believed that the num-
ber of stem cells in biopsies from prepubertal boys 
will be small and that SSCs will have to be expanded 
in culture prior to transplant. Conditions for main-
taining and expanding rodent SSCs in culture are 
well established, and SSCs maintained in long-term 
culture (e.g., several months to 1 year) remain com-
petent to regenerate spermatogenesis and restore 
fertility [56, 76, 77, 92, 133, 136].

If cultured human SSCs function like cultured 
rodent SSCs, it should be feasible to expand a few 
stem cells obtained from the testis biopsy of a pre-
pubertal boy to a number sufficient to produce 
robust spermatogenesis upon transplantation 
back into his testes when he is an adult. Several 
studies have reported culturing human SSCs [1, 4, 
9, 23, 24, 44, 51, 55, 58, 89, 98, 99, 102, 109, 111, 
125, 139, 141, 158, 175, 184], including two studies 
in which cultures were established from the testes 
of prepubertal patients [139, 175]. Human SSC 
cultures have been evaluated by quantitative PCR 
or immunocytochemistry for spermatogonial 
markers or xenotransplantation into mouse testes. 
Strategies to isolate and culture human spermato-
gonia have been unique to each study, and to date, 
no approach has been independently replicated in 
another laboratory. Also, the field is frustrated by 
the lack of a functional assay to test the full sper-
matogenic potential of cultured human cells.

Malignant Contamination A testicular biopsy 
obtained from a cancer patient could harbor malig-
nant cells, especially for patients with leukemia. 
Kim and colleagues [83] reported that 20% of boys 
with acute lymphocytic anemia had malignant cells 
in their testicular tissue prior to the initiation of 
oncologic treatment. Jahnukainen and colleagues 
[74] reported the transmission of leukemia after 
transplantation of testis cells from terminally ill 
leukemic rats into the testes of nonleukemic recipi-
ents. The same group further demonstrated that 
transplantation of as few as 20 leukemic cells was 
sufficient for disease transmission, leading to ter-
minal leukemia within 3 weeks.

Because infertility is not life threatening and 
fertility treatments are elective, it is essential that 
the risk of cancer recurrence after transplant be 
reduced to zero. Fluorescence-activated cell sort-
ing (FACS) and magnetic-activated cell sorting 
(MACS) strategies to isolate and enrich therapeu-
tic spermatogonia from testis cell suspension while 
removing malignant contamination have been 
explored with mixed results. Fujita and coworkers 
isolated germ cells from the testes of leukemic 
mice in the forward scatter high and side scatter 
low fraction (positive selection), which was then 
further divided into fractions that were CD45/
MHC class I antigens (H-2Kb/H-2Db) double-
positive and CD45/MHC class I double- negative 
cells. All recipient males injected with the CD45+/
MHC class I+ cells developed terminal leukemia 
within 40  days. All mice injected with CD45-/
MHC class I− cells survived for 300 days without 
the onset of leukemia and produced donor-derived 
offspring [40]. In a subsequent study, the same 
group reported that seven out of eight human leu-
kemic cell lines expressed the cell surface antigens 
CD45 and MHC class I [41]. In a rat model of 
Roser’s T-cell leukemia, Hou and colleagues con-
cluded that single parameter selection using either 
leukemic (CD4 and MHC Class I) or SSC 
(Ep-CAM) markers was not sufficient to eliminate 
malignant contamination [66], but malignant con-
tamination was successfully removed using a com-
bination of leukemia and SSC markers (plus/
minus selection) [32, 59]. Using similar positive/
negative selection strategies, Hermann and col-
leagues isolated VASA+ germ cells in the THY-1+/
CD45− fraction of leukemia- contaminated prepu-
bertal nonhuman primate testis cells [59], and this 
fraction did not produce tumors in mice. Dovey 
and colleagues contaminated human testis cells 
with MOLT-4 acute lymphoblastic leukemia cells 
and demonstrated by xenotransplantation that the 
Ep- CAMlo/HLA-ABC−/CD49e− fraction was 
enriched 12-fold for transplantable human SSCs 
and was devoid of malignant contamination [32]. 
Collectively, these results are encouraging, but 
caution is still warranted as Geens and colleagues 
concluded, using EL-4 lymphoma contaminated 
mouse and human testis cells, that FACS- and 
MACS-based methods were insufficient to remove 
malignant contamination [47].

It will not be possible to perform comprehen-
sive in  vivo testing on patient samples because 
this would limit the amount of sample available 
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for fertility therapy. More sensitive PCR-based 
methods have been described for detection of 
minimal residual disease (MRD), and this 
approach has identified malignant contamination 
in many ovarian tissue samples that were pre-
served for leukemia patients, even after negative 
histology and immunocytochemistry examina-
tion [30, 135]. However, in one of those studies, 
Dolmans and colleagues obtained disparate 
results from histology, qRT-PCR, and xenograft-
ing of ovarian tissues from leukemia patients. 
Quantitative RT-PCR to detect MRD revealed the 
possibility of malignant contamination in 9 of the 
16 samples that was not detected by histological 
examination. However, when those ovarian tis-
sues were grafted into recipient mice, only five of 
the nine samples with positive MRD had evidence 
of leukemic cells 3  months after transplantation 
[30]. Were the MRD results in the other four cases 
nefarious or were they accurate and the leukemic 
cells simply failed to survive freezing, thawing, 
and grafting? In the absence of a definitive and 
practical test of malignant contamination, alter-
natives to autologous transplantation are needed 
for patients with hematogenous cancers, testis 
cancers, or cancers that metastasize to the testes.

De Novo Testicular Morphogenesis Testicular 
cells (including germ cells, Sertoli cells, peritubular 
myoid cells, and Leydig cells) have the remarkable 
ability to reorganize to form normal looking semi-
niferous tubules when grafted under the skin of 
recipient mice [8, 33, 43, 64, 86]. Ina Dobrinski and 
colleagues disaggregated neonatal pig and sheep 
testis cells, pelleted them by centrifugation, and 
grafted under the skin of immune-deficient mice. 
When grafts were recovered between 16 and 
41 weeks after transplant, cells had reorganized to 
form seminiferous tubules with complete sper-
matogenesis [8, 64]. In a remarkable extension of 
this approach, Kita and colleagues [86] mixed fetal 
or neonatal testis cells from mice or rats with GFP+-
cultured mouse germline stem cells and growth 
factor-reduced matrigel (extracellular matrix) and 
grafted under the skin of immune-deficient mice. 
Seven to 10  weeks after grafting, seminiferous 
tubules with complete spermatogenesis originating 
from both intrinsic germ cells and cultured (GFP+) 
germ cells were observed. Tubules were dissected 
and GFP+ round spermatids were recovered and 
injected into mouse oocytes. The resulting embryos 
were transferred to recipient females, which gave 

birth to ten mouse pups, including four with the 
GFP transgene. In vitro organoid systems have also 
been developed. In mice and rats, the most promis-
ing results have been achieved using 3D scaffolds 
[6, 95, 160], where postmeiotic cells and spermato-
zoa developed. In vitro organoid cultures have been 
less successful with human cells. Maintenance of 
early and late spermatogonia was reported by sev-
eral studies [10, 122, 170]; however, only two of the 
studies observed the presence of postmeiotic mark-
ers [122, 170]. These reports used pubertal or adult 
human tissues that already contain postmeiotic 
cells, which can make it difficult to determine the 
origin of the cells expressing the postmeiotic mark-
ers. To date, no human sperm has been produced 
using this model. One day it may be possible to 
“build a testis,” in vitro or in vivo, on the scaffold of 
a decellularized human testis [12].

17.10  Testicular Tissue-Based 
Methods to Preserve 
and Restore Male Fertility

Testicular Tissue Grafting and Xenografting  
Testicular tissue grafting may provide an alternative 
approach for generating fertilization competent 
sperm from small testicular biopsies. In contrast to 
the SSC transplantation method in which SSCs are 
removed from their cognate niches and trans-
planted into recipient seminiferous tubules, grafting 
involves transplantation of the intact SSC/niche 
unit in pieces of testicular tissue. Honaramooz and 
colleagues reported that grafted testicular tissue 
from newborn mice, rats, pigs, and goats, in which 
spermatogenesis was not yet established, could 
mature and produce complete spermatogenesis 
when xenografted into nude mice [65]. The same 
group later reported the production of live offspring 
from sperm obtained from mouse testicular tissue 
grafts [149]. Fertilization- competent sperm was 
also produced from xenografts of prepubertal non-
human primate testicular tissue transplanted into 
mice [63]. These results suggest that it may be pos-
sible to obtain fertilization-competent sperm by 
xenografting small pieces of testicular tissue from a 
prepubertal cancer patient under the skin of mice or 
other animal recipients such as pigs that are already 
an established source for human food consumption, 
replacement heart valves [7, 75], and potentially 
other organs [25]. Xenografting would also circum-
vent the issue of malignant contamination. However, 
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the xenografting approach raises concerns about 
xenobiotics because viruses from mice, pigs, and 
other species can be transmitted to human cells [85, 
173]. There is no evidence to date that xenografted 
human testicular tissue can produce spermatogen-
esis or sperm in mice [46, 52, 146, 150, 168, 179]. 
However, there is reason for optimism because Sato 
and colleagues observed primary spermatocytes 
1  year after xenografting testicular tissue from a 
3-month-old boy who clearly did not have sper-
matocytes at the time of transplantation [146]. 
Xenografting of human testicular tissue to species 
other than mice has not been tested to our 
 knowledge.

If malignant contamination of the testicular 
tissue is not a concern, autologous testicular  tissue 
grafting can be considered. Luetjens and col-
leagues demonstrated that fresh autologous tes-
ticular tissue grafts from prepubertal marmosets 
could produce complete spermatogenesis when 
transplanted into the scrotum, but not under the 
skin [101]. Frozen and thawed grafts did not pro-
duce complete spermatogenesis in that study, but 
those grafts were only transplanted under the 
skin. Therefore, additional experimentation is 
merited. Testicular tissue grafting will not restore 
natural fertility, but could generate haploid sperm 
that can be used to fertilize oocytes by ICSI.

Testicular Tissue Organ Culture Sato and col-
leagues reported that intact testicular tissues from 
newborn mice (2.5–3.5  days old) could be main-
tained in organ culture and mature to produce sper-
matogenesis, including the production of 
fertilization-competent haploid germ cells [144, 
145]. Testicular tissues from neonatal mice were 
minced into pieces (1–3 mm3) and placed in culture 
at the gas–liquid interface on a slab of agarose that 
was soaked in medium. Haploid round spermatids 
and sperm were recovered from the tissue after 
3–6  weeks in culture and used to fertilize mouse 
eggs by ICSI.  The resulting embryos were trans-
ferred to pseudopregnant females and gave rise to 
healthy offspring that matured to adulthood and 
were fertile. If testicular tissue organ culture can be 
translated to humans, it will provide an alternative 
to autologous SSC transplantation, autologous 
grafting, and xenografting in cases where there is 
concern about malignant contamination of the tes-
ticular tissue. The same authors were also successful 
to produce haploid germ cells in an organ culture  
of frozen and thawed testicular tissues, which is 

particularly relevant to the cancer survivor para-
digm. However, the fertilization potential of those 
sperm was not tested [144]. In the initial studies, the 
testicular tissue deteriorated with time. However, 
when tissues were maintained in a microfluidics 
device with continuous media flow to deliver nutri-
ents and remove waste, testicular tissues could be 
maintained for up to 6  months with continuous 
production of testosterone and fertilization- 
competent sperm [91]. To make the microfluidics 
system more accessible, Komeya and colleagues 
[90] developed a pumpless microfluidics device 
that could maintain spermatogenesis in cultured 
seminiferous tubules for up to 3 months. Testicular 
tissue organ culture is a promising technology that 
now needs to be replicated in other laboratories and 
extended nonhuman primate and human tissues to 
set the stage for clinical translation.

17.11  Induced Pluripotent Stem 
Cell-Based Methods to 
Preserve and Restore  
Male Fertility

Several groups have now reported that it is possi-
ble to produce germ cells from pluripotent embry-
onic stem cells (ESCs) or induced pluripotent 
stem cells (iPSCs) [31, 34, 35, 57, 71, 78, 79, 120, 
121, 131, 132, 143, 162, 181]. Hayashi and cowork-
ers reported that it is possible to differentiate 
ESCs or iPSCs into epiblast-like cells (EpiLCs) 
that then give rise to primordial germ cell-like 
cells (PGCLCs) when cultured in the presence of 
BMP4 [57]. The resulting germ cells were trans-
planted into the seminiferous tubules of infertile 
recipient mice where they regenerated spermato-
genesis and produced haploid gametes that were 
used to fertilize mouse oocytes by ICSI.  The 
embryos were transferred to recipient females and 
gave rise to live offspring. However, some of the 
offspring developed tumors in the neck area and 
died prematurely, suggesting that further optimi-
zation of the culture and differentiation protocols 
will be required [57]. Two groups recently 
reported the differentiation of human pluripotent 
stem cells into putative hPGCLCs exhibiting gene 
expression patterns similar to bona fide human 
PGCs [71, 143]. Of course, functional validation 
by generation of progeny is not possible in studies 
with human cells.
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An important implication of the iPSC to germ 
cell differentiation technology, if responsibly 
developed, is that it will no longer be necessary to 
preserve fertility before the initiation of gonado-
toxic treatments. An adult survivor of a childhood 
cancer who desires to start his family and discov-
ers that he is infertile can theoretically produce 
sperm and biological offspring from his own skin, 
blood, or other somatic cell type. This scenario 
applies not only to childhood cancer survivors, 
but all survivors who did not preserve semen or 
testicular tissue prior to gonadotoxic therapy. 
Nonhuman primate and human pluripotent stem 
cells have also been differentiated to the germ 
 lineage, producing putative transplantable germ 
cells and even rare cells that appear to be haploid 
[31, 34–36, 78, 79, 120, 121, 132, 162, 181]. The 
challenge with the human studies is that it is not 
possible to test the spermatogenic potential or fer-
tilization potential of putative germ cells, which 
are the gold standards in animal studies. Thus, the 
burden of proof required of human studies is 
much lower than animal studies. Spermatogenic 
lineage development and testicular anatomy in 
nonhuman primates is similar to humans [165], 
and this may serve as a platform for safety and 
feasibility studies in which putative germ cells can 
be tested by transplantation and the resulting 
gametes can be tested by fertilization [60], embryo 
transfer and production of live offspring. Perhaps 
one day, it will be possible to build a human testis 
in vitro or in vivo on a decellularized human testis 
scaffold, and this will provide the ultimate plat-
form to test the spermatogenic potential of exper-
imentally derived human germ cells.

17.12  Conclusions

Many centers worldwide are actively preserving 
testicular tissue or testicular cells for cancer 
patients in anticipation that those samples can be 
used in the future for reproductive purposes. 
Therefore, it is incumbent on the medical and 
research communities to responsibly develop the 
technologies that will allow patients to use their 
samples to achieve their family-building goals. 
This is important because cancer survivors report 
that fertility has a significant impact on their qual-
ity of life after cure. It seems reasonable to assume 
that similar quality of life issues are relevant to 
men who are infertile due to genetic (e.g., 

Klinefelter), surgical, age-related, accidental, or 
other causes. The first, best, and proven approach 
for fertility preservation in males is to freeze 
sperm that can be obtained in a semen sample or 
extracted from the testis. With IVF and IVF with 
ICSI, only a relatively small number of sperm are 
required to achieve fertilization and pregnancy. 
Unfortunately, sperm banking is not an option for 
all patients, including prepubertal boys who are 
not yet producing sperm.

There are several testicular cell- and tissue-
based technologies in the research pipeline that 
may have application for patients who cannot pre-
serve sperm. All of the technologies described in 
this chapter are dependent on stem cells (SSCs or 
iPSCs) with the potential to generate or regenerate 
autologous spermatogenesis. Spermatogonial stem 
cell transplantation, de novo testicular morpho-
genesis, testicular tissue organ culture, testicular 
tissue grafting/xenografting, and iPSC-derived 
germ cells have all produced spermatogenesis with 
sperm that are competent to fertilize oocytes and 
give rise to viable offspring in mice. Several of 
these methods have also been translated to larger 
animal models, including nonhuman primates, 
indicating a potential for application in the human 
fertility clinic.

The greatest challenge in the development of 
stem cell technologies for treatment of human 
male infertility is the lack of experimental tools 
for testing the spermatogenic and fertile potential 
of human cells. This means that human studies 
cannot be held to the same standard for burden of 
proof that is required of animal studies. While it is 
not realistic or possible to demonstrate the fertil-
ization potential of human stem cell-derived 
gametes, it may be possible to develop systems to 
test the spermatogenic potential of human cells, 
such as de novo testicular morphogenesis or 
engraftment of a decellularized testis. Progress 
along these lines will provide powerful tools to 
ensure responsible development and validation of 
stem cell technologies before they are translated 
to the male fertility clinic.
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 Review Questions and Answers

 ?  Q1.  What are the standard of care fertility 
preservation options for pubertal boys 
and adult males?

 v  A1.  Sperm banking is the gold standard 
for male fertility preservation. If no 
sperm is present in the ejaculate, 
testicular sperm extraction (TESE) 
could be considered.

 ?  Q2.  Which fertility preservation options 
are available for prepubertal boys?

 v  A2.  Currently, there are no standard of 
care options available. The only option 
for prepubertal boys is testicular tissue 
freezing, which is still considered 
experimental.

 ?  Q3.  How is testicular tissue obtained from 
prepubertal patients?

 v  A3.  Either through needle biopsy, wedge 
biopsy, or orchiectomy

 ?  Q4.  What are the possible future options 
for using stored testicular tissue?

 v  A4.  Methods to restore fertility using 
cryopreserved testicular tissue in the 
future include spermatogonial stem 
cell transplantation, de novo testicular 
morphogenesis, testicular tissue 
grafting and xenografting, and 
testicular tissue organ culture.
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Key Points
 5 Male sexuality and sexual functioning 

may be impacted by all treatment 
modalities

 5 Attainment of developmental milestones 
may be delayed by cancer treatment

 5 Sexual functioning of young adult men is 
often not addressed by cancer care 
providers

 5 Both pharmacologic and psycho-educa-
tional and/or sexual interventions may 
help the young adult cancer survivor

18.1  Normal Sexual Development 
and Function

A review of the anatomy of the male reproductive 
system as well as endocrinology and physiology is 
important in the consideration of sexual function 
in male survivors of pediatric and adolescent can-
cer. Sexual differentiation occurs in the fetus at 
6–12 weeks gestation. In the presence of hormon-
ally functioning testes, the phallus and scrotum 
form and the Wolffian ducts emerge while the 
Mullerian ducts regress. In mid-gestation, the 
hypothalamic-pituitary-testicular axis matures. 
Gonadotropin-releasing hormone (GnRH) pro-
duced in the medial basal hypothalamus is 
released into the hypophyseal portal circulation 
and regulates the secretion of luteinizing hor-
mone (LH) and follicle-stimulating hormone 
(FSH). LH regulates testosterone production from 
the Leydig cells in the testes, while FSH is impor-
tant for spermatogenesis. The hypothalamic- 
pituitary axis is quiescent after a brief burst of 
activity in early infancy until puberty which 
begins at age 11.5–12 years in males. As the phys-
ical transition from child to adult occurs with the 
acquisition of secondary sexual characteristics, 
sexual behaviors also emerge. Although the aver-
age age of ejacularche is 13  years, the onset of 
masturbation and sexual activities with others is 
modified by social mores, family beliefs, and the 
individual’s health and beliefs.

To understand the pathophysiologic causes of 
sexual dysfunction, it is important to know the 
male genitourinary anatomy and normal physio-
logic functions related to sexual activity [4]. The 
penis is composed of a single corpus spongiosum 
surrounding the urethra and paired corpora  

cavernosa which fill with blood during an erec-
tion. The innervation to the penis is through 
somatic, parasympathetic, and sympathetic 
nerves. The somatic nerves have both sensory and 
motor functions. The parasympathetic nerves 
arise from the sacral cord at S2 and S4 and tra-
verse the retroperitoneal space as the nervi eri-
gentes signal vasodilation of the corpora, and this 
initiates an erection. The counterbalancing sym-
pathetic nervous system regulates contraction of 
the vasa deferentia, seminal vesicles, prostate, and 
bladder neck during sexual activity which results 
in emission. In addition, the sympathetic nervous 
system mediates detumescence.

18.2  Erectile Dysfunction (ED)

Erectile dysfunction has been defined by the NIH 
as the “persistent inability to attain and maintain an 
erection sufficient to permit satisfactory sexual 
performance” [5]. Erectile function is the result of a 
complex interplay between vascular, neurologic, 
hormonal, and psychological factors and may sig-
nificantly impact quality of life. Epidemiological 
data have shown a high prevalence and incidence 
of ED worldwide. The first large, community- based 
study of ED was the Massachusetts Male Aging 
Study (MMAS) [1]. The study reported an overall 
prevalence of 52% ED in noninstitutionalized men 
aged 40–70  years in the Boston area; Furlow 
reported a rate of 12% in males above age 18 [6], 
while other surveys reported ranges of 25–30% in 
men aged 60–70 [7, 8].

18.2.1  Etiology

The pathophysiology of ED may be vascular, neuro-
genic, anatomical, hormonal, drug induced, and/or 
psychogenic. ED may also be a result of a mix of 
etiologies (see . Table 18.1). Systemic diseases such 
as chronic liver, kidney disease, diabetes, or cancer 
have been associated with ED [4]. Cardiovascular 
diseases are strongly associated with ED, which may 
be the complaint that leads to discovery of an 
underlying diagnosis of hypertension or coronary 
artery disease. Anatomical disorders include 
Peyronie’s disease, congenital malformations,  
and genitourinary trauma. Hormonal disorders 
include hypogonadism and hyperprolactinemia. 
Medications associated with ED include primarily 
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       . Table 18.1 Male sexual dysfunction

Dysfunction by the activities of the 
sexual cycles

Causes of sexual dysfunction

Libido/desire: Psychogenic

  Hypoactive sexual desire Androgen deficiency

  15% adult men Major psychological disorders

Chronic medical conditions

Drugs (antihypertensives, psychotropics, dopamine blockers)

Substance abuse (alcohol, narcotics)

Erection/erectile dysfunction: Psychogenic

  12% in >18 years old Androgen deficiency

  25–50% in 60–70 years old Major psychological disorders

  52% in mass male aging study Chronic medical conditions (diabetes, vascular, cardiac, hepatic, 
renal, pulmonary cancer)

Penile disease (Peyronie’s disease, congenital malformations)

Drugs (antihypertensives, anticholinergics, psychotropics)

Substance abuse (cigarette smoking, alcohol, narcotics)

Ejaculation: Psychogenic

  Premature ejaculation Poor health status

  Prevalence 20–30% Sympathetic denervation (diabetes, surgery, or radiation)

  Problems of emission or retrograde 
ejaculation

Drugs (sympatholytic, antihypertensive, MAO inhibitors, CNS 
depressants, antipsychotics)

Androgen deficiency

Orgasm: Psychogenic

  Orgasmic dysfunction Drugs (SSRI, TCA, MAO inhibitors)

  Relatively rare – prevalence 3–10% Substance abuse

CNS disease (multiple sclerosis, Parkinson’s disease, Huntington’s 
chorea, lumbar sympathectomy)

Detumescence: Structural abnormalities (Peyronie’s disease, phimosis)

  Failure of detumescence (priapism) Primary priapism (idiopathic)

Secondary priapism due to disease (sickle cell, amyloidosis, 
inflammatory, solid tumors, trauma) or due to drugs (phenothi-
azine, trazodone, cocaine)

antihypertensive agents and psychogenic drugs. In 
addition, the normal aging process has been shown 
to result in a decrease in sexual responsiveness and 
is reflected in the increased incidence of complaints 
of ED in older age groups [1].

18.2.2  Diagnosis

The first step in screening for ED is a detailed 
sexual and medical history of the patient. Partners, 
when available, should be included.

Male Sexuality
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18.2.2.1  Sexual History
The sexual history should include information 
about previous and current sexual relationships, 
onset, severity and duration of the erectile prob-
lem, and previous consultations and treatments. 
A detailed description should be made of the 
rigidity and duration of both sexually stimulated 
and morning erections and of problems with 
arousal, ejaculation, and orgasm [9]. Assessment 
of other areas of sexual dysfunction such as ejacu-
lation, libido, and orgasm should be included in 
the history. Several patient questionnaires have 
been developed for assessment of ED, including 
the Sexual Health Inventory for Men (SHIM) and 
the International Index of Erectile Function 
(IIEF) [9]. Either of these questionnaires may be 
used as an adjunct to diagnosis of ED; however, 
they focus on heterosexual intercourse and are 
thus not of use in men who have sex with men.

18.2.2.2  Medical History
Men with ED should be screened for symptoms of 
possible hypogonadism, including decreased 
energy, libido, and fatigue, as well as for symp-
tomatic lower urinary tract infections. Any his-
tory of heart disease, hypertension, diabetes 
mellitus, neurologic disorders, and renal disease 
should be reviewed. Lifestyle factors that include 
smoking, obesity, high-fat diet, use of recreational 
drugs and alcohol, and lack of exercise may be 
contributing factors. Mental health history and 
current psychological status are important con-
siderations as depression is a common comorbid-
ity in ED. Medications, including antihypertensive, 
cardiac, psychotropic, and hypoglycemic agents, 
are often associated with ED. It may be difficult, 
however, to separate the medication from the 
underlying disease as the causative agent of the 
ED. History of cancer of the pelvic organs, testes, 
prostate, central nervous system, and spinal 
tumors and associated treatments including sur-
gery and radiation may contribute to ED.

18.2.2.3  Physical Examination
The physical examination should be focused on 
the genitourinary, endocrine, vascular, and neu-
rological systems. The exam may reveal unsus-
pected diagnoses, such as Peyronie’s disease (an 
acquired, localized fibrotic disorder of the tunica 
albuginea resulting in penile deformity, mass, 
and/or pain), or hypogonadism. Signs of hypogo-

nadism include decreased volume and/or turgor 
of the testes, alterations in secondary sexual char-
acteristics, and gynecomastia. Blood pressure and 
femoral and peripheral pulses can reflect vascular 
health. A thorough neurological exam, including 
visual fields, should be assessed for symptoms of 
pituitary tumors.

18.2.2.4  Laboratory Testing
Laboratory testing should be tailored to the 
patient’s complaints and risk factors. Testing may 
include fasting glucose or HbA1c, urinalysis, 
blood chemistry panel, and lipid profile. ED may 
be an early manifestation of coronary artery dis-
ease [10]. Concern for associated cardiovascular 
disease may warrant further investigation and/or 
referral to a cardiologist. Hormonal tests include a 
morning sample for a total testosterone. However, 
the threshold of testosterone to maintain erectile 
function is low, and ED is usually a symptom of 
more severe cases of hypogonadism. Additional 
hormonal tests, such as prolactin and luteinizing 
hormone, are performed when low testosterone 
levels are detected. If any abnormality is observed, 
referral to an endocrinologist may be indicated.

18.2.2.5  Specialized Diagnostic Tests
While most patients with ED can be diagnosed 
with a thorough history and physical exam, some 
patients may need referral to a urologist for spe-
cific diagnostic tests. These may include noctur-
nal penile tumescence and rigidity test, 
intracavernosal injection test, duplex ultrasound 
of the penis, arteriography, and dynamic infusion 
cavernosometry or cavernosography.

18.2.3  Treatment Options

The primary goal in the management strategy of a 
patient with ED is to determine and treat its 
underlying etiology when possible. The American 
Urological Association (AUA) has issued 
evidence- based guidelines for the diagnosis and 
treatment of erectile dysfunction [11]. Originally 
written in 1996, the guidelines have been reviewed 
and revised in 2005 and 2011 and provide detailed 
descriptions of recommended strategies for ED 
management.

ED may be associated with modifiable or 
reversible risk factors, including lifestyle and/or 

 A. Katz et al.



233 18

medications. These factors may be modified either 
before or in conjunction with specific therapies. 
Screening for cardiovascular disease must be 
done prior to treatment, due to the potential risks 
associated with sexual activity in patients with 
heart disease [12]. Guidelines developed by the 
Princeton Consensus Panel [11] describe three 
levels (high, intermediate, low) of cardiovascular 
risk factors. Patients in the high and intermediate 
categories should be evaluated by a cardiologist 
prior to initiating therapies for ED.

The currently available therapies that should 
be considered for the treatment of erectile dys-
function include the following: pharmacologic 
(oral phosphodiesterase type 5 [PDE-5] 
 inhibitors), intraurethral alprostadil, intracavern-
ous vasoactive drug injection, vacuum constric-
tion devices, and penile prosthesis implantation. 
These appropriate treatment options should be 
applied in a stepwise fashion with increasing inva-
siveness and risk balanced against the likelihood 
of efficacy [11], and referral for management by 
urology may be appropriate. PDE-5 inhibitors are 
contraindicated in men taking nitrates and should 
be used cautiously in men taking alpha- adrenergic 
blocker medications. The choice of a specific 
PDE-5 inhibitor (short or long acting) depends 
on the frequency of intercourse and the patient’s 
personal experience.

Surgical correction may be needed for patients 
with ED due to penile abnormalities, e.g., hypo-
spadias, congenital curvature, or Peyronie’s dis-
ease, with preserved rigidity. Endocrine therapy 
for hypogonadism or hyperprolactinemia is an 
appropriate intervention for patients with a defi-
nite endocrinopathy. Combination therapy of a 
PDE-5 inhibitor and testosterone may be useful 
for hypogonadal men who do not respond to 
PDE-5 therapy alone. Testosterone therapy should 
be supervised by an endocrinologist and requires 
close monitoring for side effects (liver, prostate). 
Testosterone should be used cautiously in patients 
with unstable cardiac disease or concern for pros-
tate disease [13].
Psychosexual therapy may be useful in combina-
tion with both medical and surgical treatment for 
men with ED. For some patients, brief education, 
support, and reassurance may be sufficient to 
restore sexual function, and for others, referral for 
more specialized and intensive counseling may be 
necessary.

18.3  Ejaculatory Dysfunction

18.3.1  Premature (or Rapid) 
Ejaculation

Premature ejaculation (PE) is a common male 
sexual dysfunction. Prevalence rates are quite 
variable ranging from 20% to 30% in multiple 
studies of adult males [9, 14], while European 
studies indicate an approximate prevalence of 5% 
[10]. PE can be difficult to define, and few men 
present for treatment. It is defined in the DSM-VI 
as persistent or rapid ejaculation with minimal 
sexual stimulation that occurs before or shortly 
after penetration and, importantly, before the per-
son wishes it.

18.3.1.1  Etiology
The etiology and pathophysiology of PE are 
unknown. A significant proportion of men with 
ED also experience PE, and it can be difficult to 
distinguish between them. The fear of losing an 
erection may cause rapid ejaculation before the 
man or his partner is satisfied. Other potential 
risk factors for PE include a genetic predisposi-
tion, poor overall health status and obesity, pros-
tate inflammation, thyroid hormone disorders, 
emotional problems and stress, and traumatic 
sexual experiences [10].

18.3.1.2  Diagnosis
The diagnosis of PE is based on the patient’s med-
ical and sexual history. Important criteria include 
whether PE is situational, such as with a specific 
partner or certain circumstances, and lifelong or 
acquired and impact on sexual activity and qual-
ity of life for both the patient and partner. Physical 
exam may assist in identifying associated under-
lying conditions, such as endocrinopathies and 
urological disorders.

There are several patient questionnaires for 
use in diagnosing PE. The most commonly used is 
the Premature Ejaculation Diagnostic Tool 
(PEDT) [15].

18.3.1.3  Treatment
Treatment approaches may include behavioral 
modification therapies and/or psychotherapy, 
decrease in sensory input, or controlled use of 
medications that have delayed ejaculation as part 
of their side effect profile. Although not approved 
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by the FDA for this indication, oral antidepres-
sants (SSRIs) and topical anesthetic agents have 
been shown to delay ejaculation in men with PE 
and have minimal side effects when used for the 
treatment of PE. Treatment with oral antidepres-
sants should be started at the lowest possible dose 
that is compatible with a reasonable chance of 
success, and some men may be advised to take the 
SSRI before planned sexual activity rather than 
daily. In patients with concomitant PE and ED, 
the ED should be treated first [14]. Regular fol-
low- up is important to evaluate efficacy and side 
effects. Support and education of the patient and, 
when possible, the partner are an integral part of 
PE therapy [14].

18.3.2  Inhibited Ejaculation

The prevalence of inhibited ejaculation is esti-
mated at 1.5 in 1000 of the general male popula-
tion [9]. Rates of inhibited ejaculation increase 
with age, with an overall incidence of 3% in men 
aged 50–54 years [16]. This disorder may be life-
long or acquired and situational or partner spe-
cific and is described as delayed or absent 
ejaculation.

18.3.2.1  Etiology
The majority of patients who report inhibited 
ejaculation have no clear etiology. There is an 
association with reports of personal or relation-
ship distress and general health issues [9]. Any 
medical disease, drug, or surgical procedure that 
interferes with either central (including spinal or 
supraspinal) control of ejaculation or the auto-
nomic innervation to the seminal tract, including 
the sympathetic innervation to the seminal vesi-
cles, the prostatic urethra, and the bladder neck, 
or sensory innervation to the anatomical struc-
tures involved in the ejaculation process can result 
in delayed ejaculation, anejaculation, and anor-
gasmia [17]. Specific causes of delayed or absent 
ejaculation include medications, sympathetic 
denervation, hormone deficiency, lower urinary 
tract infections, and spinal cord injury.

18.3.2.2  Treatment
Treatments include psychosexual counseling, 
medication therapy or discontinuation of inter-
fering medication, hormone replacement, and 
vibratory stimulation.

18.3.3  Retrograde Ejaculation (RE)

18.3.3.1  Etiology
Retrograde ejaculation results from damage to the 
sympathetic innervation of the ejaculatory system 
and bladder neck. RE may be caused by anatomic 
abnormalities such as urethral strictures, bladder 
neck resection, or fibrosis. Neurologic causes 
include multiple sclerosis, spinal cord injury, retro-
peritoneal lymphadenectomy, prostate or colorec-
tal surgery, or diabetic neuropathy. Pharmacologic 
agents can also result in RE, primarily antihyper-
tensive drugs, alpha-adrenergic blocking drugs, 
antipsychotics, and antidepressants [9].

18.3.3.2  Diagnosis
Patients with absent or low-volume ejaculate 
should be tested using semen analysis and uri-
nalysis. Diagnosis is confirmed by the presence of 
sperm in a post-ejaculation urine sample. 
Diagnosis may result following evaluation for 
infertility due to azoospermia.

18.3.3.3  Treatment
In cases of pharmacologic etiology, discontinua-
tion of the medication may resolve the problem. 
Pharmacotherapy is most often used for neuro-
logic causes, particularly if partial nerve damage 
exists. Current drugs include alpha-adrenergic 
agents such as ephedrine or tricyclic antidepres-
sants with anticholinergic effects. Successful 
response is most likely found in patients with par-
tial nerve damage.

18.3.4  Painful Ejaculation 
or Dysorgasmia

Ejaculatory pain, although rare, may result from 
epididymal congestion after vasectomy, duct infec-
tion or obstruction, testicular torsion, mass lesion, 
lower urinary tract infection, or prostatitis. It is 
also quite common after radical prostatectomy. 
Psychogenic causes should also be considered.

18.4  Psychosexual Problems

Sexual dysfunction often has psychosocial com-
ponents as an underlying cause and/or a conse-
quence. Relationship status, strain with partner, 
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life changes, and stress can all impact sexual func-
tion. Any patients with sexual dysfunction prob-
lems should be evaluated for psychological issues. 
Even if a problem is found to have a known phys-
ical cause, there may still be underlying psycho-
logical causes or implications.

Erectile dysfunction and ejaculatory problems 
can often be associated with psychological 
 problems, particularly depression and anxiety. In 
the Massachusetts Male Aging Study, researchers 
found that ED was associated with depressive 
symptoms (OR 1.82, 95% CI, 1.21–2.73) [1].

Hypoactive sexual desire (HSD), or decreased 
libido, is a subjective report of the absence or 
decrease in frequency of sexual desire. It is often 
associated with other sexual dysfunctions, such as 
ED, and is influenced by social and cultural norms 
[9]. Depression and relationship conflict can 
influence sexual desire, and patients reporting 
HSD may benefit from referral to a psychologist.

18.5  Sexuality in Survivors 
of Childhood Cancer

18.5.1  Risk for Sexual Dysfunction 
in Survivors of Childhood 
Cancer

Survivors of childhood cancer should receive life-
long, specialized follow-up for late effects of can-
cer treatment. Survivorship care is individualized 
based on diagnosis and treatment exposures and 
is best directed by a Survivorship Healthcare Plan 
(SHP) which includes a detailed medical sum-
mary of cancer treatment, individualized late- 
effect risk profile, and surveillance plan for early 
detection of late effects. An SHP is created using 
the Children’s Oncology Group Long-Term 
Follow- Up Guidelines for Survivors of Childhood, 
Adolescent, and Young Adult Cancer [18]. These 
guidelines are evidence-based screening recom-
mendations created by multidisciplinary teams of 
expert clinicians in the field of childhood cancer 
survivorship. In addition to screening recommen-
dations for a variety of health problems, the 
guidelines detail specific treatments which are 
associated with potential sexual dysfunction, such 
as radiation and surgery (. Table 18.3) [19].

The impact of cancer treatment on sexuality 
has not been studied extensively in survivors of 

childhood cancer. Relander [20] found that 
among male survivors, 60% reported normal 
sexual function, with higher rates of sexual dys-
function reported in patients treated for tumors 
of the hypothalamic-pituitary region and patients 
who received testicular radiation or high doses of 
alkylating agents. The self-report of sexual func-
tion, however, in general is not specific to types of 
problems. The limited evidence of association of 
childhood cancer treatment with erectile dys-
function, ejaculatory problems, and psychosexual 
problems as well as psychosocial implications of 
sexual dysfunction in survivors will be discussed 
below.

18.5.2  Erectile Dysfunction

18.5.2.1  Etiology in Survivors
Specific treatment-related risk factors in survivors 
include cranial, pelvic, or spinal surgery, radia-
tion, and hormonal deficiency, as well as those 
risk factors found in the general population such 
as increasing age and emotional distress [21]. 
Untreated hypoandrogenism may impact erectile 
function. In a report from the Childhood Cancer 
Survivor Study, radiation therapy to the testes was 
associated with ED as was pelvic radiation, 
thought to be caused by effects on the corpora 
cavernosa or penile bulb [22]. The study found 
that exposures as low as 10  Gy were associated 
with ED, suggesting that males treated at a young 
age may be vulnerable to permanent changes of 
the penile structure [22]. Treatment-related 
comorbidities such as obesity, diabetes mellitus, 
hyperlipidemia, renal disease, cardiac dysfunc-
tion, and/or depression and anxiety may cause or 
worsen ED, and many survivors are at a higher 
risk than their peers for these conditions [23, 24]. 
See . Table  18.2 for a list of health conditions 
associated with sexual dysfunction with bolded 
items indicating those that can be seen in survi-
vors depending on their treatment exposure his-
tory. Specific childhood cancer treatments which 
may increase risk for sexual dysfunction are found 
in . Table 18.3.

18.5.2.2  Incidence in Survivors
The specific incidence of ED in childhood cancer 
survivors has not been well studied. Some studies 
report an incidence to be around 20% in survivors 
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[2, 22, 25]. In a study of 1622 adult survivors of 
childhood cancer, Ritenour et  al., using the 
International Index of Erectile Function, found 
that 12% met the criteria for erectile dysfunction, 

compared with only 4% of their healthy siblings 
(relative risk 2.66, 95% CI, 1.41–5.01). Survivors 
were also twice as likely than their siblings to 
report treatment for ED [22]. Similar to the 

       . Table 18.2 Health condition associated with sexual dysfunction

Vascular disease Cardiovascular disease (hypertension, atherosclerosis, hyperlipidemia)

Diabetes mellitus

Neurogenic Central causes

Degenerative disorders (multiple sclerosis, Parkinson’s disease, etc.)

Stroke

Central nervous system tumors

Peripheral causes

Spinal cord trauma or diseases

Polyneuropathy

Types 1 and 2 diabetes mellitus

Chronic renal failure

Anatomic or structural Hypospadias/epispadias

Micropenis

Congenital curvature of the penis

Peyronie’s disease

Hormonal Hypogonadism

Hyperprolactinemia

Medication side effect Antihypertensives (diuretics are the most common medication causing ED)

Antidepressants (selective serotonin reuptake inhibitors, tricyclics)

Antipsychotics (including neuroleptics)

Antiandrogens

GnRH analogues and antagonists

Recreational drugs (alcohol, heroin, cocaine, marijuana, methadone)

Psychogenic Generalized

Lack of arousability and disorders of sexual intimacy

Situational

Partner-related, performance- related issues due to distress

Trauma Penile fracture

Peyronie’s disease

Italics indicates conditions for which many survivors are at risk because of their treatment history
See the Children’s Oncology Group Long-term Follow-up Guidelines for treatment exposures associated with risk 
for various health conditions. 7 www. survivorshipguidelines. org
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 general population, sexual dysfunction was more 
common in older survivors, regardless of the pre-
vious treatment [25].

18.5.3  Ejaculatory Problems

18.5.3.1  Etiology in Survivors
Surgical procedures and/or pelvic radiation 
involving the bladder or other pelvic organs may 
also impact nerve and blood vessel function. 
Retroperitoneal lymph node dissection tech-
niques have been known to cause retrograde 
ejaculation, and while procedures have been 
improved, they continue to carry a risk. Patients 
with impaired spinal cord function may have dif-
ficulty with ejaculation [9].

Patients with comorbid conditions related to 
their cancer diagnosis and treatments may expe-
rience ejaculatory dysfunction due to medica-
tion therapy such as antihypertensives and 
 antidepressants.

18.5.3.2  Incidence in Survivors
Sundberg compared young adult male survivors 
with healthy peers and found that survivors more 
frequently reported sexual dysfunction compared 
with peers; this includes premature ejaculation in 
9% of survivors compared to 7% of peers and 
orgasmic difficulty during intercourse among 
10% of survivors compared with 3% of peers [3]. 
Jonker-Pool et  al. conducted a meta-analysis of 
research focused on survivors of testicular cancer, 
a common diagnosis in the young adult popula-

tion, which revealed that ejaculatory dysfunction 
was reported in 44% of survivors and was related 
to surgery in the retroperitoneal area [26].

18.5.4  Psychosexual Issues 
in Survivors

Much of what is known about sexual dysfunction 
in survivors of childhood cancer has been assessed 
through the lens of sexuality, satisfaction with 
sexuality, impact on quality of life, and life satis-
faction. A recent study examined body image and 
sexual satisfaction in a group of 87 survivors and 
age-/gender-matched controls [27]. While results 
from this study indicate comparable satisfaction 
and psychosexual development, other studies 
have found that survivors report problems in cat-
egories of the NHSLS such as decreased desire 
and arousal as well as a negative impact from 
health problems on sexual satisfaction.

Zebrack surveyed 599 survivors of childhood 
cancer aged 18–39 and found that 20% of males 
reported lack of sexual interest and being unable 
to relax and enjoy sex and 16% reported at least 
some difficulty in becoming sexually aroused [2]. 
Van Dijk et al. surveyed 60 survivors (31 males) 
between the ages of 16 and 40 who were diag-
nosed under the age of 21 to assess the relation-
ship of psychosexual function and quality of life 
and found that many survivors experienced prob-
lems [28]. Sexual problems included just over 
40% of respondents who seldom or were never 
able to feel themselves sexually attractive and 44% 
felt almost no sexual attraction and seldom satis-
fied with their sexual lives. Forty-four percent 
were seldom/never able to see themselves as sexu-
ally attractive toward others [28].

Those who reported sexual dysfunction also 
had poorer health-related quality of life, and the 
association between the two was stronger among 
males than females [2]. When comparing survi-
vors by gender, females were more likely to report 
sexual function problems, but having a sexual 
function problem had a larger impact on quality 
of life in males. This finding is echoed by van 
Dijk’s study where 18% of male survivors sur-
veyed felt a limitation in their sexual life due to 
their illness, mainly associated with uncertainty 
about their own body, difficulty with emotions, 
scars, and possible fertility problems [28]. 
Interestingly, a study of survivors of cancer to the 

       . Table 18.3 Cancer treatment exposures 
associated with increased risk for sexual  
dysfunction

Chemo-
therapy

Radiation 
sites

Surgery

None Pelvis Spinal cord surgery

Spine Pelvic surgery

Testicular Cystectomy

Retroperitoneal 
tumor or node 
dissection

According to the Children’s Oncology Group 
Long-term Follow-up Guidelines
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lower bone extremity found that those who had 
an amputation or Van Nes rotationplasty reported 
better sexual functioning than those who had a 
limb salvage procedure [29].

Young adult patients experience significant 
interruptions to the developmental milestones 
that should be achieved in the years between ages 
19 and 35. These include identity formation, self- 
focus, development of intimate and sexual rela-
tionships, and career and employment decisions 
[30]. Cancer delays or arrests the attainment of 
these milestones and increased dependence on 
parents both instrumentally and economically. It 
also isolates young adults from their peers and 
complicates existing relationships [31]. Alterations 
to body image and potential fertility are both con-
cerns for young adults and may prevent them 
from establishing committed relationships [32].

18.5.5  Cancer’s Impact on Normal 
Sexual Development 
and Activity

Cancer diagnosis can often impact the trajectory 
of typical childhood development, especially for 
those patients whose treatment may interrupt 
normal adolescence. Research has found that sur-
vivors have fewer sexual partners and often reach 
sexual milestones later than healthy peers. 
Survivors are often older at the time of the first 
relationship and at the time of the first sexual 
intercourse [33]. Van Dijk found this to be true 
especially for survivors who had received cancer 
treatment during adolescence [28]. These findings 
are echoed through a qualitative study of adoles-
cent survivors who describe the challenges of 
forming romantic relationships while undergoing 
treatment and the need to prioritize getting 
through treatment over dating [34].

The diagnosis of testicular cancer provides a 
clear example of how normal sexual development 
can negatively impact on the lives of young adults 
[35]. From the embarrassment of finding a lump 
in the testicle that may lead to a delay in diagnosis 
to the feeling of being “damaged goods” and dif-
ferent from peers to fear of rejection and feeling 
less masculine than others, the experience of  
living with this cancer has far-reaching effects on 
global aspects of life. Concerns about disclosing a 
history of cancer coupled with uncertainty related 
to future fertility create additional stress and anxi-

ety for these young men, and some may choose to 
delay or even avoid sexual relationships. Young 
adult men with testicular cancer have reported 
low libido, erectile dysfunction, and ejaculatory 
disorders [35, 36].

Young adult men diagnosed with Hodgkin or 
non-Hodgkin lymphoma also report significant 
sexual problems including lack of libido and erec-
tile dysfunction. In one study [37], 39% of young 
adult survivors reported persistent sexual prob-
lems that did not resolve. Another study con-
ducted in this population reported 20–54% of 
men experiencing sexual problems that were 
emotionally distressing [38].

Young men with colorectal cancer also experi-
ence sexual problems that are both functional and 
psychosocial with negative impacts on body 
image from scarring and especially if a permanent 
stoma is required [39].

18.5.6  Relationships and Intimacy

Cancer diagnosis and treatment can have effects 
on future relationships. Over one-third of ado-
lescent and young adult cancer survivors report 
cancer having a negative impact on dating, and 
40–60% report a negative impact on their sexual 
function/intimate relations, with a larger per-
ceived impact seen in older childhood cancer 
survivors (30–39  years of age) compared with 
adolescents aged 15–20 years [40]. In a qualita-
tive study of adolescent survivors, Stinson et al. 
found that the adolescents expected cancer to 
have little impact on future sexual relationships, 
but parents in the same study worried that their 
child’s history of cancer could impact future 
relations [34]. Survivors often struggle with the 
disclosure of their cancer history with a new 
romantic partner, and this can be particularly 
stressful if they are concerned about their future 
fertility and its potential impact on forming a 
relationship [41].

Young adult survivors experience significant 
distress when a relationship ends and tend to stay 
in poor relationships longer in part due to the fear 
that they may not be able to find another partner 
[42]. Much of the research in relationships of 
young adult survivors is in women with breast 
cancer and their experience cannot be assumed to 
be the same for young men. This is an area where 
additional studies are needed.
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There is also an overwhelming gap in the lit-
erature about the experiences of young men who 
have sex with men or identify themselves as gay or 
bisexual. Websites dedicated to gay cancer survi-
vors are silent on the issue of young adults, and 
websites targeted at young adult cancer survivors 
ignore those who are gay. This is another area that 
is ripe for research that may have a significant 
impact on the lives of young adult cancer survi-
vors.

18.5.7  How to Approach Cancer 
Survivors

It is crucial that providers who are caring for sur-
vivors of childhood cancer obtain a thorough his-
tory to assess for any sexual functioning problems. 
Bolte et al. suggest using the Permission, Limited 
Information, Specific Suggestions, Intensive 
Therapy (PLISSIT) model when communicating 
with adolescent and young adult survivors about 
sexuality after cancer treatment [43, 44] 
(. Table 18.4). Talking about sexuality and sexual 
functioning can be uncomfortable for providers, 
but they may find general open-ended questions 
helpful in initiating the conversation. Using lan-
guage such as “tell me what your friends are talk-
ing about with sex…what are you wondering 
about…” can help providers quickly gauge where 
patients are developmentally and identify their 
concerns (see . Table 18.4 for more suggestions).

When referring to a urologist, providers 
should ensure the urologist is familiar with the 
context of the patient’s health in terms of previous 
treatment by providing a thorough health history 
and risk for late effects, such as that provided in a 
Survivorship Healthcare Plan. Survivors may also 
benefit from a referral to psychology.

18.5.8  Challenges and Future 
Directions

Assessing the true incidence of sexual dysfunc-
tion is difficult. Many survivors transition to adult 
care which makes it difficult to ascertain the prev-
alence of late effects and the impact of late effects 
on the quality of life. Since these are not problems 
often seen in the pediatric realm, many survivors 
are not aware that they might be at increased risk 
of developing sexual health problems. Ensuring 
that survivors, especially as they transition to 
adult care, are aware of their risk and confident in 
talking with a healthcare provider about sexual 
function will be important to empower them to 
receive the care they need. Educating adult pro-
viders about the risks for sexual dysfunction asso-
ciated with cancer treatment in childhood and its 
long-lasting impact on health is always important. 
It is also important to advocate for and conduct 
studies that examine the unique needs of these 
survivors so that effective interventions can be 
planned and tested.

       . Table 18.4 Using the PLISSIT model for communicating with male cancer survivors

PLISSIT model Example question

Permission: offering permission for sexual challenges to 
exist and permission to initiate discussion and legitimize 
concerns

Some survivors experience sexual problems after 
cancer treatment. What questions do you have 
about this?

Limited information: address myths, reeducate patients 
about sexual health, provide resources

You received radiation to your pelvis which can 
sometimes cause erectile dysfunction. How have 
your erections been affected if at all?

Specific suggestions: individualize recommendations, 
avoid medical jargon

Many people benefit from treatment with 
medication or other interventions. Let’s talk briefly 
about what can be done to help you

Intensive therapy: provide opportunities for patients to 
express feelings of fear and frustration around changes in 
sexuality after cancer treatment or refer for specialist care 
depending on the issue

Having erectile dysfunction can often be stressful 
and impact relationships. I can refer you to a 
sexuality counselor who can provide you with more 
information. How does that sound?
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 Review Questions and Answers

 ?  Q1.  What treatments place a young adult 
male at a greater risk for erectile 
dysfunction?

 (a) All chemotherapy
 (b) Pelvic radiation
 (c) Antidepressants particularly SSRIs

 v  A1. (b)

 ?  Q2.  True or False? Ejaculatory disorders are 
associated with retroperitoneal lymph 
node dissection

 v  A2. True

 ?  Q3.  True or False? Young adult cancer 
survivors are more likely to end 
relationships because they are mature 
and have experienced personal 
growth

 v  A3. False

 ?  Q4.  Young adult cancer survivors with 
Hodgkin lymphoma are at risk for 
which of the following sexual 
problems

 (a) Anejaculation
 (b) Erectile dysfunction
 (c) Dysorgasmia
 (d) None of the above

 v  A4. (b)
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Key Points
 5 A clinical oncofertility program com-

prises a multidisciplinary team within an 
enabling framework.

 5 Developing standardized clinical path-
ways for oncofertility care will enable 
more universal access to care.

 5 Outreach efforts to inform the com-
munity about fertility preservation and 
the oncofertility program are integral to 
program success.

19.1   Introduction

In the United States, more than 160,000 women, 
men, and children who are younger than age 45 
are diagnosed with cancer each year, with nearly 
one million cancer survivors of reproductive age 
[1, 13]. Moreover, young people with certain 
benign conditions may also face similar fertility- 
threatening treatments. The overarching goal of 
a clinical oncofertility program is to help these 
young patients and their physicians consider the 
impact of treatment on future fertility and facili-
tate fertility preservation efforts in what is often a 
limited time period before treatment begins. This 
chapter will discuss one approach to building an 
oncofertility program.

A comprehensive oncofertility program has 
multiple missions:

 5 Provide timely and comprehensive fertil-
ity risk and preservation consultations for 
patients facing fertility-threatening treatments

 5 Offer or refer patients to a range of appropri-
ate fertility preservation treatments

 5 Coordinate care for and safely navigate medi-
cally complicated patients through fertility 
preservation treatments

 5 Serve as a resource for patients and health-
care providers who are seeking up-to-date 
fertility preservation information

 5 Offer or refer patients to reproductive health 
services, including contraceptive, sexual 
health, and menopause management

To fulfill these missions, a successful fertility pres-
ervation program requires an interdisciplinary 
team, a clear patient flow plan including the use 
of referral pathways to facilitate universal access 

to oncofertility services; access to equipment, 
supplies, and expertise for banking gametes, 
embryos, and gonadal tissue which often must 
occur on a short notice; and communication and 
marketing support. These represent the integral 
building blocks for any oncofertility program and 
are discussed in detail below.

19.2   The Oncofertility Team

19.2.1   Team Development

Care of oncofertility patients requires an inter-
disciplinary team (. Table  19.1). Most often, 
the team is initially composed of a reproductive 
endocrinologist or an oncologist, who serves as 
a champion for program development. This indi-
vidual seeks out potential team members, meets 
with them to discuss the oncofertility program, 
attains their input and commitment to collaborate 
on program execution, and generates a commu-
nication mechanism among team members for 
patient care. Early identification of key contacts 
facilitates the navigation of patients across spe-
cialties and within the tight timelines necessary 
for fertility preservation.

The oncofertility team does not need to be 
limited to a single institution. With few excep-
tions, the number of medically complex fertility 
preservation cases is limited at any one center. 
Therefore, having a forum to discuss oncofertil-
ity cases with like-minded colleagues is often 
invaluable. One source for peer-to-peer clinical 
care communication has been the Oncofertility 
Consortium FERTLINE, a national fertility pres-
ervation hotline.

19.2.2   Medical Team

The process begins with medical profession-
als addressing the possibility of infertility with 
patients who face exposure to fertility-threaten-
ing therapies before or during their reproductive 
years [2, 8]. The role of the treating oncologists, 
hematologists, rheumatologists, and their clinical 
staff is not to perform full oncofertility consulta-
tions but rather to address the issue of in fertility 
and refer patients who would like a more in-depth 
discussion to fertility specialists.
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For any oncofertility program, it can be very 
helpful to have a designated oncofertility patient 
navigator to whom medical providers direct 
inquiries and refer patients to reproductive endo-
crinologists for consultation. Patient navigators 
are frequently nurses or other allied healthcare 
professionals who can respond to oncofertility 

requests, obtain key clinical data on patients, 
provide basic information and resources to both 
patients and providers regarding fertility risk and 
fertility preservation options, and facilitate fertil-
ity appointments. A challenge is financial support 
for patient navigators. Some solutions to this chal-
lenge include a dedicated oncofertility navigator 

       . Table 19.1 The oncofertility team

Patient navigator Responds to oncofertility requests

Collects key clinical information on patients seeking care

Provides basic information and resources regarding fertility risk and preservation options

Triages patients

Refers patients and providers to appropriate oncofertility medical providers

Facilitates oncofertility appointments

Reproductive 
endocrinologist

Provides oncofertility consultations

Directs fertility preservation treatments with input from oncology or rheumatology, 
anesthesia, pathology, and other medical specialties

Provides or refers patients to reproductive health services, including contraceptive, sexual 
health, and menopause management

Reproductive 
urologist

Provides oncofertility consultations in males

Performs testicular tissue biopsies or orchiectomies for banking

Provides or refers patients to reproductive health services, including contraceptive, sexual 
health, and testicular failure management

Oncology, 
hematology, and 
rheumatology care 
teams

Address the possibility of infertility with patients treated before or during their reproduc-
tive years

Refer patients who are interested in future fertility for fertility preservation consultations

Anesthesiologist Provides anesthesia plan for fertility preservation surgeries

Pathology Aids in shaping protocols for handling tissue for fertility preservation

Surgeon Performs fertility preservation surgeries. This may be a reproductive endocrinologist, 
oncologist, urologist, or pediatric surgeon

Genetic counselor Provides genetic counseling on inherited disease risk

Psychology and 
social work

Provide counseling and support services

Cell and tissue 
banking personnel

Performs clinical tissue banking

Financial 
counselor

Discusses out-of-pocket expenses for oncofertility counseling and fertility preservation 
with patients

Checks insurance benefits, file insurance appeals

Facilitates application to aid programs such as Sharing Hope

Marketing 
personnel

Publicizes the oncofertility program

Setting Up an Oncofertility Program
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supported by cancer and/or infertility programs, 
training oncology or infertility patient naviga-
tors for oncofertility navigation, and automating 
referral processes (see Clinical Pathway below).

The reproductive endocrinologist and urolo-
gist provide oncofertility consultations and per-
form fertility preservation procedures. At the 
initial consultation, they will review individual-
ized fertility risk and both standard of care and 
experimental options for fertility preservation. 
These physicians need to take into account diag-
nosis, proposed treatment, and other medical and 
social circumstances to individualize fertility risk 
and options for fertility preservation. For patients 
who contemplate undergoing fertility preserva-
tion treatments, the reproductive endocrinologist 
or urologist then communicates with the oncology 
team, anesthesia, and other relevant medical per-
sonnel to discuss safety, timing, and coordination 
of fertility preservation procedures and  cancer 
treatment. Importantly, the reproductive health 
needs of young patients extend beyond fertility 
preservation, and thus, oncofertility consultation 
presents an important opportunity to discuss (or 
refer to care) contraception, pregnancy, sexual 
health, and gonadal failure risks and management.

An experienced anesthesia team plays a cen-
tral role in evaluating patients for surgical fertil-
ity preservation procedures. While egg retrieval, 
the mainstay of female fertility preservation, 
is a common surgical procedure, oncofertility 
patients may pose complex medical scenarios that 
require advanced planning. Many egg retrievals 
and testicular biopsies are performed in ambula-
tory surgery centers, which benefit from adjacent 
embryology laboratories, surgical and embry-
ology equipment, and surgical team expertise. 
While these surgicenters may facilitate gamete 
retrieval, they often have limited advanced car-
diopulmonary monitoring and support. For 
challenging fertility preservation patients—for 
example, lymphoma patients with mediastinal or 
neck masses—the choice to undergo egg retrieval 
in the in vitro fertilization (IVF) surgicenter, with 
specialized equipment such as retrieval equip-
ment and gamete incubators, is weighed against 
moving the surgery to the hospital operating 
room, where more intensive monitoring and 
resuscitation are available. Therefore, it is key to 
have an experienced anesthesiologist as part of 
the oncofertility team to formulate a sound plan 
for surgical retrievals in these complex cases.

The pathologist is a crucial contact for dis-
cussing disposition of ovarian and testicular tis-
sue obtained for banking. Removal of ovarian or 
testicular tissue for fertility preservation requires 
maintaining sterility, keeping the tissue at 0–5 °C 
during transport, and minimizing time from 
removal to processing for freezing. Pathology 
examination protocols vary by site. Ideally, the 
minimum amount of tissue required for pathol-
ogy exam (if any) should be prespecified and 
removed after the tissue in its entirety has been 
transported to the lab for preservation proce-
dures. The protocol for handling tissue for bank-
ing needs to be worked out in advance, with the 
input of a pathologist.

The surgeon is the part of the team that har-
vests ovarian or testicular tissue. This person may 
be a reproductive endocrinologist, oncologist, 
urologist, or, in the case of infants and children, a 
pediatric surgeon. It is imperative that the surgeon 
understand the guidelines that determine the 
suitability and handling of tissue to be removed 
for fertility preservation.

Genetic counselors can help determine if 
there are heritable conditions that patients may 
transmit to their offspring. In embryo banking 
cases, the possibility of preimplantation genetic 
testing may be considered.

Psychologists and social workers can help 
young patients and their families with counseling 
needs during these often emotional and stressful 
circumstances.

19.2.3   Laboratory Team

Freezing of cells and tissues must be performed by 
laboratory personnel who are highly experienced 
in clinical tissue banking. In most centers, this 
will be embryologists, andrology lab personnel, 
or bone marrow lab personnel. These personnel 
are familiar with:

 5 Sterile technique and good tissue banking 
procedures.

 5 Tissue dissection and preparation.
 5 Addition of cryoprotectant solutions.
 5 Loading of tissues into vials.
 5 Labeling and documentation.
 5 Programming and use of slow cooling 

freezing equipment.
 5 Manual seeding.
 5 Storage in liquid nitrogen.
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 5 Preparation of cryopreserved tissue for 
shipping.

 5 In some practices, isolation of oocytes, 
in vitro maturation (IVM), and oocyte and 
embryo cryopreservation; if these services are 
not available locally, the practice will need to 
be able to refer patients out to other facilities, 
using resources such as FERTLINE.

19.2.4   Financial Counseling, 
Marketing, and Public 
Relations Team

The financial counselor can help check insurance 
benefits, prepare letters of medical necessity, file 
insurance appeals, act as advocate for patients, 
and facilitate application to financial assistance 
programs such as Fertile Hope’s Sharing Hope 
program. The counselor also clearly conveys the 
out-of-pocket costs for fertility preservation treat-
ments to each patient.

Marketing and public relations personnel can 
help educate oncology, rheumatology, and pri-
mary care practices about oncofertility as well as 
the local community about fertility preservation 
programs for cancer patients. This team helps to 
build websites, create informational materials, 
and leverage social media approaches to publicize 
the program.

19.3   Clinical Pathway for 
Oncofertility Care  
and Patient Flow

Despite long-standing clinical guidelines sup-
porting fertility risk counseling [2, 8] and evi-
dence that oncofertility care preserves fertility 

options and improves quality of life for patients, a 
significant gap in care exists. Aggregate data from 
the Quality of Oncology Practice Initiative shows 
a stagnant 40% rate of fertility risk discussion 
and <30% rate of discussing fertility preserva-
tion options from 2013 to 2016. Lack of access to 
specialized care, fragmented multispecialty care, 
and inadequate infrastructure to support timely 
counseling and referrals contribute to this care 
gap [3, 5, 7, 11, 14]. This care gap can be mini-
mized through the design and implementation 
of an oncofertility clinical pathway (. Fig. 19.1), 
which includes detailed protocols to deliver high-
quality oncofertility care. While tailoring to indi-
vidual programs is needed, considerations for an 
oncofertility clinical pathway and incorporation 
of electronic health record (EHR) technology 
include:
 1. Assessment and documentation of fertil-

ity risk: Fertility risk discussions prior to 
cancer treatment have become a quality 
measure for cancer program accreditation 
[4]. Healthcare providers who administer 
fertility-threatening treatments need to 
inform patients of risks, document risk 
discussion, and refer patients accordingly. 
Materials for both healthcare provider and 
patient education (oral, printed materials, 
and web-based resources) will support this 
goal (. Table 19.2). EHR supports both back 
end algorithms that generate prompts for 
at-risk patients and dissemination of stan-
dardized risk counseling language embedded 
in EHR for documentation; EHR tools have 
been used in established programs and can be 
shared [6, 9, 10, 12].

 2. Referral to fertility risk and preservation 
counseling must occur in a timely fashion 
to allow consideration of the full range of 

Assess
oncofertility

needs(s)

Document
fertility

risk
counseling

Oncofertility
consult
referral

Insurance
authorization,

consult
appointment

Oncofertility
consult: fertility

risk, preservation,
other reproductive

health issues

Fertility
preservation

procedure

Oncology, rheumatology, other
medical providers

Oncofertility
navigator,

fertility office
support

Fertility specialists,
financial counselor,

psychology and
genetics support

Fertility specialists,
anesthesiologists,

nurses, lab
personnel

Patient to
undergo
fertility-

threatening
treatments

       . Fig. 19.1 Clinical pathway for oncofertility care
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fertility preservation options. For most pro-
grams, consultations occur within 24–72 h 
of referral. To execute referrals, patients can 
be prompted to contact the fertility specialist 
(risk of loss to follow-up), patient naviga-
tors can be notified of these referrals and 
contact patients (financial cost of naviga-
tion), or automated EHR processes may be 
set in place. As an example, our institution 
has generated a dedicated order for fertility 
preservation counseling that places referrals 
into respective work queues for male and 
female fertility specialists’ administrative 
staff. There is a dedicated staff member who 

checks for these referrals daily, obtains insur-
ance authorizations, and contacts the patient 
to schedule the appointment promptly. This 
EHR build prevented loss of referrals at the 
patient, oncology authorization staff, general 
gynecology, and urology staff levels.

Key treatment information including 
proposed cancer treatment and dosing is 
needed to estimate fertility risk in advance of 
the fertility preservation consultation to help 
the oncofertility team prepare for the visit. 
. Figure 19.2 is an example of a referral form 
that is currently in use at our institution and 
incorporated into the EHR referral order.

       . Table 19.2 Educational and financial resources for providers and patients

Site and type of information What organization 
provides this resource?

Geared 
toward

FERTLINE: 866-708-FERT (3378)
National hotline to connect providers and patients with fertility 
preservation programs

Oncofertility Consortium Patients and 
providers

7 www. savemyfertility. org
Online fertility preservation toolkit and mobile application for 
patients and providers

Oncofertility Consortium Patients and 
providers

7 http://www. sart. org/
Locate US fertility specialists and view individual clinic IVF success 
rates

Society of Assisted 
Reproductive Technology

Patients and 
providers

7 https://www. livestrong. org/we-can-help/fertility-services/
Navigation for cancer survivors on finding reproductive specialists 
and potential discounts on fertility services and medications

LIVESTRONG Fertility Patients

7 www. allianceforfertilitypreservation. org
Fertility scout tool provides navigation for patients to find fertility 
specialists

Alliance for Fertility 
Preservation

Patients and 
providers

7 http://www. cancercare. org/connect_workshops/359- young_
adult_survivorship_fertility_sexuality_intimacy_2013- 06-28
Audio recording discussing fertility, sexuality, and intimacy for 
young adult cancer survivors

CancerCare Patients

7 https://www. livestrong. org/we-can-help/health-care- 
professionals
Online training to help healthcare providers offer better fertility 
care to cancer patients

LIVESTRONG Fertility Providers

7 http://store. asrm. org
Principles of fertility preservation for reproductive health 
providers certificate course, eLearning CME activity

American Society for 
Reproductive Medicine

Providers

7 www. rhoinstitute. org
ECHO web-based communication skill-building training program 
for oncology health professionals to communicate with patients 
on reproductive health

H. Lee Moffitt Cancer 
Center and Research 
Institute

Providers
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 3. Fertility risk and preservation consultation 
entails a discussion of the risks posed by the 
proposed cancer treatment on future fertility, 
an evaluation of the patient’s medical fitness 
to undergo fertility preservation treatments, a 
discussion of the specific options for fertility 
preservation, referring patients to resources 
on fertility preservation, and a review of 
the costs associated with fertility preserva-
tion procedures. Applications for financial 
assistance programs are initiated. Because the 
reproductive health needs of young patients 
are broader than fertility preservation, this 
consultation also provides the opportunity 
to discuss contraception, sexual health, preg-
nancy, and management of gonadal failure. 
Telemedicine consultations are underway for 
a variety of medicine disciplines, and active 
program development to enable telemedicine 
consultations and insurance billing for these 
consultations has been initiated to reach geo-
graphically diverse young patients.

Most decisions on whether to pursue 
treatment are made over the ensuing days and 
involve communication among the patient, 
their support system, the reproductive endo-
crinologist or urologist, and the treating 
oncologist or rheumatologist. Referrals to 
psychology and social work are generated as 
needed, and a bioethicist should be available 
for consultation when ethically challenging 
situations arise. For programs with research 
protocols, the research staff is contacted.

 4. Fertility preservation procedures: For patients 
who elect to undergo ovarian stimulation 

for egg or embryo banking, a protocol is 
selected to minimize treatment time, tenta-
tive egg retrieval dates are established, and 
fertility- threatening treatment start dates are 
planned. Women who elect to use anony-
mous donor sperm are directed to sperm 
banks. Anesthesia consultations are initiated. 
During the time of ovarian stimulation, 
close communication between the fertility 
preservation team and the medical oncology 
or rheumatology team provides a continu-
ous update on patient status. In addition, 
appropriate infectious disease testing of the 
patient or couple is undertaken. Of note, in 
the United States, infectious disease testing 
should be performed at FDA- approved labs 
if the gametes or embryos are to be used 
in third-party reproduction in the future. 
Surgical dates are set for patients who decide 
to preserve ovarian and testicular tissue or 
undergo other fertility preservation surgeries 
such as ovarian transposition. Pathology is 
contacted regarding disposition of the tissue 
to maximize future fertility potential.

After fertility preservation treatment is 
completed, a summary of the procedure is 
communicated to the patient and their oncol-
ogy, hematology, or rheumatology team. 
Annual follow- up of the patient regarding 
banked tissues is encouraged.

 5. Improvement of the clinical pathway: Clini-
cal pathways can be improved periodically, 
engaging the oncofertility team at regular 
intervals to review performance data, trou-
bleshoot, and design adaptations.

       . Fig. 19.2 Oncofertility 
consultation referral order 
in electronic health record. 
As part of the order, 
patients receive instruc-
tions that they will be 
contacted within 3 days by 
the oncofertility program 
staff, as well as the phone 
number of the oncofertility 
program
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19.4   Laboratory and Storage 
Considerations

Handling reproductive tissues requires appro-
priate laboratory expertise, equipment, and 
FDA registration. For storage facilities, there are 
also state-specific licensure requirements. Once 
licensed, there are regular monitoring updates 
and reporting schedules. As most tissues for fer-
tility preservation are stored long term, banking 
at off-site storage facilities may be a consideration 
for the program and the patient.

19.5   Communication and Marketing

One barrier to fertility preservation referrals is 
the lack of awareness of fertility preservation 
programs. It is crucial to inform both the medi-
cal and general communities of the presence of an 
oncofertility program. Good marketing staff help 
to facilitate these outreach efforts. For individual 
programs, experiences include:

 5 A dedicated telephone number (Oncofertility 
FERTLINE) to reach the fertility preservation 
program. This is publicized clearly in all of 
the outreach efforts on behalf of the program.

 5 Grand rounds to primary care physicians, 
hematologists, oncologists, rheumatologists, 
and other medical professionals who care for 
this population.

 5 Attendance at tumor boards.
 5 Distribution of fertility preservation educa-

tional materials and resources to medical 
practices.

 5 Creation of the oncofertility program website. 
Presence on or links to local cancer program 
websites are important.

 5 Work with local advocacy groups such as 
Young Survivalors Coalition (targeting 
individuals with breast cancer) and Stupid 
Cancer (targeting young adult cancer 
survivors).

 5 Holding continuing medical education 
programs on oncofertility.

19.6   Financial Considerations

Most fertility preservation treatments are not 
covered by insurance. In the United States, there 
are few state and no national laws that mandate 

health insurance coverage of fertility preserva-
tion services for iatrogenic infertility at the time 
of this writing. Many oncofertility centers have a 
negotiated package price for patients undergoing 
fertility preservation treatments. Some programs 
have lowered global rates for all fertility preserva-
tion patients. Other centers participate in financial 
assistance programs such as the Sharing Hope pro-
gram. Finally, some oncofertility programs have 
undertaken fundraising to help patients defray the 
significant costs of fertility preservation services.

19.7   Summary

Establishing a clinical oncofertility program pro-
vides an invaluable resource to the local commu-
nity. Diverse expertise is required to discuss and 
undertake fertility preservation options in young 
cancer patients facing fertility-threatening therapy. 
Outreach efforts to inform the community about 
fertility preservation and the oncofertility pro-
gram are integral to the success of any program.
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 Review Questions and Answers

 ? Q1.  What is the role of a clinical pathway in 
an oncofertility program?

 v A1.  Introduce standardized processes for 
each step of patient flow to decrease 
variability and increase access.

 ? Q2.  A successful oncofertility program 
requires the collaboration of an interdis-
ciplinary team (True/False).

 v A2.  True. Effective collaboration and com-
munication of an interdisciplinary team 
including the medical team and their staff, 
embryologists, and administrative staff are 
paramount in fertility preservation.
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Key Points
 5 A successful pediatric oncofertility prac-

tice takes a multidisciplinary approach.
 5 Team visibility and communication are 

key to obtaining consults.
 5 Visual aids will help in decision-making 

for patients/families.
 5 Make it easy to consult the fertility pres-

ervation team via multiple modalities – 
Phone, pager, email, EMR, etc.

20.1   Introduction

The rate of cure for childhood cancer is now 
nearly 90% due to tremendous therapeutic 
advances in the past 50  years. Childhood can-
cer survivors now comprise approximately 1 of 
every 530 young adults aged 20–39 living in the 
United States (7 www. childrensoncologygroup. org). 
Today childhood cancer survivors are living well 
into adulthood. The goals of pediatric oncology 
treatment include achieving cure, but also doing 
so in a way that minimizes a lifetime of late effects. 
Once such late effect of therapy is the impact on 
fertility.

Pediatric patients present unique challenges 
not often encountered in the adult cancer arena. 
Patients under the age of 18 are not able to con-
sent to treatment. Parents must consent with their 
child’s best interest in mind. Many parents and 
patients have not yet considered future childbear-
ing at the time of diagnosis. They may be prema-
turely forced to discuss the topic for the first time 
and under stressful conditions. Pediatric malig-
nancies grow very rapidly, leaving a very short 
window between diagnosis and the initiation of 
possible gonadotoxic therapy. This results in a 
narrow time frame for a discussion of potential 
fertility preservation options. Finally, many pedi-
atric malignancies occur prior to puberty. This 
limits the number of established fertility preser-
vation options available to this population.

This chapter represents the experience of 
Cincinnati Children’s Hospital Medical Center 
(CCHMC) in building an oncofertility program 
for pediatric, adolescent, and young adult patients. 
Our team comprises physicians and medical staff 
from the Cancer and Blood Diseases Institute 
(CBDI); Pediatric and Adolescent Gynecology, 

Pediatric Urology, Pathology, and Ethics team; 
and the University of Cincinnati Reproductive 
Endocrinology and Infertility (REI). CCHMC 
is a tertiary care center with >350 new patients 
in oncology and >100 bone marrow transplant 
patients per year. We are able to offer ovarian 
tissue cryopreservation for females as young as 
1  month of age under an open IRB-approved 
study protocol. In collaboration with our REI 
team members, we also offer oocyte/embryo 
cryopreservation for postpubertal patients. For 
males, testicular cryopreservation is available for 
patients at all ages under an open IRB-approved 
study protocol, and sperm cryopreservation is 
available for postpubertal patients.

20.2   The Oncofertility Team

A successful pediatric oncofertility program 
involves a collaborative effort that crosses several 
disciplines. Our process flow is defined in a later 
section of this chapter. For now, we will begin 
by defining the key individuals on our team. 
Successful program development and implemen-
tation requires recognition of the valuable input 
of all stakeholders. Team members work closely 
together with the assistance and coordination of 
the fertility navigator throughout.

20.2.1   Primary Team Members

At our institution the fertility navigator’s role is 
performed by a registered nurse with experience 
in both pediatric oncology and pediatric and 
adolescent gynecology. She receives the initial 
consult and orchestrates communication between 
the multiple specialties, keeping timeliness and 
patient/family experience as the highest priori-
ties. She is the core team member. She facilitates 
the actual consultation, ensures appropriate 
laboratory testing is performed, assists in the con-
sultation, and arranges the indicated follow-up 
dependent upon the patient/family decision for 
intervention. At our institution, she also helps to 
navigate the research process and financial con-
siderations. She is critical in assisting the patient/
family through the oncofertility process as seam-
lessly as possible.

The pediatric oncologist on the oncofertil-
ity team is responsible for assessing the risk of 
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infertility from the proposed treatment plan. He 
or she discusses the patient’s treatment plan and 
 timeline with their primary oncology/bone mar-
row transplant team. They will frequently involve 
the radiation oncologist if patients are to receive 
radiation therapy that will affect gonadal tis-
sue either directly or through scatter fields. The 
pediatric oncologist has knowledge of the cancer 
diagnosis as well as access to detailed treatment 
protocols. This allows an accurate and individual-
ized risk assessment of the effect of treatment on 
future fertility for the patient.

Our pediatric and adolescent gynecologist 
plays a critical role in the consultation for female 
patients. He or she is able to meet with the patient 
and family to discuss the risk assessment and 
appropriate fertility preservation options. They 
are then able to perform select procedures at our 
freestanding pediatric hospital (in the case of 
ovarian tissue cryopreservation) or refer to the 
reproductive endocrinologist for rapid consulta-
tion (embryo and oocyte cryopreservation). The 
gynecology team also manages medical therapies, 
including hormone therapy for menstrual sup-
pression during treatment and hormone replace-
ment therapy for females experiencing premature 
ovarian insufficiency post-therapy.

Our pediatric urologist is likewise essential in 
the consultation process for male patients. He or 
she is able to meet with the patient and family to 
discuss the risk assessment and appropriate fer-
tility preservation options. They are then able to 
perform testicular tissue cryopreservation proce-
dures in appropriate candidates or initiate a rapid 
sperm banking referral.

Many pediatric centers do not perform oocyte 
harvesting or oocyte/embryo cryopreservation; 
thus it is necessary to have a relationship with 
a reproductive endocrinologist familiar with 
oncofertility. They should be equipped to sched-
ule urgent office visits to discuss the process of 
hormonal stimulation and oocyte harvest. Good 
communication is critical to maintaining the 
timeline agreed upon with the primary oncology 
team.

A research coordinator is also a valuable 
member of the team. Ovarian and testicular tis-
sue cryopreservation are the only fertility preser-
vation options available to prepubertal patients. 
Both methods of preservation are only performed 
under IRB-approved research protocols. The 
research coordinator ensures all proper research 

protocols are followed and informed consent has 
been obtained. He or she ensures appropriate 
documentation, record keeping, and follow-up 
are performed.

The team is not limited to the members 
detailed above. Other potential members might 
include a social worker to help identify commu-
nity resources for financial aid, a member of the 
hospital Ethics team to aid in complicated deci-
sions, Global Health to ease cultural differences, 
and Pastoral Care to help patients and families 
work through religious concerns. A team psy-
chologist can help families work through their 
thoughts about fertility preservation and the avail-
able options. Programs that plan to process their 
own specimens (testicular and ovarian tissue, 
oocyte, and embryo preservation) will also need 
to include team members from the laboratory who 
specialize in processing this tissue (. Table 20.1).

20.3   Oncofertility Consultation 
Process

The oncofertility process begins when a patient 
initially presents to the oncology or bone mar-
row transplant (BMT) program for diagnosis and 
treatment of their underlying disease. The pri-
mary oncology/BMT team contacts the fertility 
navigator to initiate the fertility consult and risk 
assessment. Initial contact can occur by phone, 
communication via the electronic medical record, 
or by email. We have a new patient order set in 
our EMR system to help ensure the primary team 
addresses fertility consults up front. By also creat-
ing a separate specific email address, the primary 
team has an additional streamlined way to reach 
our team (7 Box 20.1).

Box 20.1 Exclusion Criteria
 5 Exclusion criteria at time of diagnosis

 Ȥ Presented for phase I/palliative 
therapy only

 Ȥ Diagnosed with malignancy but 
undergoing surgery or observation only

 5 Consultation deferred at time of 
diagnosis

 Ȥ Acutely ill
 Ȥ Urgent need to start cancer therapy

Building a Pediatric Oncofertility Practice
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The goal of our oncofertility program is to see ALL 
patients new to the oncology and BMT division. 
However, we recognize that not every patient will 
be an appropriate candidate for a discussion on 
fertility preservation. A patient may be deemed 
ineligible for the following reasons:

 5 Diagnosed with malignancy but planned 
therapy consists of surgery/observation only.

 5 Presents for phase I therapy or palliative 
therapy only.

If a new patient meets one or more of these cri-
teria, we will meet with the primary medical 
team to discuss whether or not it is appropriate 
to approach the family about fertility preserva-
tion options. Certainly some families who seem 
ineligible by criteria alone have many questions 
regarding future fertility. Patients who are acutely 
ill at the time of presentation and require immedi-
ate oncologic treatment will have the fertility con-
sult delayed until the patient’s medical condition 
is stable and timing is appropriate. This decision 
is always made in conjunction with the treating 
medical team. Patients who have previously had 
a fertility consult (relapse, transfer of care) may 
have an abbreviated consult to ensure all fertility 
preservation needs have been met.

Once a patient is classified as eligible, the fer-
tility navigator contacts the oncofertility pediatric 

oncologist to perform the risk assessment. This 
physician will discuss the proposed treatment 
plan (surgery, radiation, chemotherapy) and 
timeline with the primary medical team. He or she 
calculates a patient-specific infertility risk assess-
ment (low, intermediate, high). This is done using 
a cyclophosphamide equivalent dosing (CED) 
calculation and radiation/surgical risk assessment 
with published dose guidelines [1]. A literature 
review is also performed and is especially critical 
with regimens using newer agents.

The risk assessment is then communicated 
back to the fertility navigator and documented 
in the electronic medical record. She advises the 
gynecology/urology team of the consultation. The 
fertility navigator facilitates timing of evaluation 
and testing for the patient to ensure all parameters 
are met in accordance with the fertility preserva-
tion and cancer treatment plan. In addition to 
the consultation with the provider and fertility 
navigator, the patient and family receive written 
information on the fertility preservation options 
available to them. Many families would like time 
to think about their decision prior to making a 
final choice. Thus, the fertility navigator recon-
nects with the family after 24–48  h and then 
begins to coordinate any necessary procedures 
or referrals. The consult is completed and docu-
mented in the electronic medical record using a 

       . Table 20.1 Medical care team

Primary medical team Addresses diagnosis and treatment plan with patient and family

Introduces the concept of impaired fertility from necessary treatment

Pediatric oncology Specific oncologist(s) with interest in oncofertility. Works with oncofertility team and 
primary medical team to determine the risk of impaired fertility with the proposed 
treatment plan, works with primary medical team to form timeline

Pediatric and adolescent 
gynecology

Addresses risk of impaired fertility with patient and family, discusses available 
fertility preservation options, performs surgery for ovarian tissue cryopreservation

Pediatric urology Addresses risk of impaired fertility with patient and family, discusses available 
fertility preservation options, performs surgery for testicular tissue cryopreservation

Oncofertility navigator Orchestrates communication between multiple disciplines involved in consultation 
process, maintains timeline for fertility preservation procedures/treatment start 
date, participates in consultations with patient/family, helps navigate research 
process when applicable

Research coordinator Ensures proper research protocols are followed and informed consent obtained for 
all research-based fertility preservation options

Reproductive 
 endocrinology

Provides services for oocyte harvesting and oocyte/embryo cryopreservation, 
provides laboratory for semen collection/storage for sperm cryopreservation
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standardized format. The primary medical team 
is updated regularly throughout the process to 
maintain good communication and best care for 
the patient (. Fig. 20.1).

20.3.1   Laboratory Management

Assessment of fertilityat the time of evaluation 
informs patients/parents and the team about 
current fertility potential and allows informed 
decision- making regarding possible next steps. 
Our oncofertility team requests baseline labora-
tory studies on all patients who receive a consult. 
We request that these be drawn prior to starting 
chemotherapy. It allows a frame of reference for 
post-therapy values, as there can be some inter-
personal variability in normal levels. For females, 
this includes baseline AMH, FSH, and LH.  For 
males, we request baseline testosterone. Anyone 
who elects to have a cryopreservation technique 
is required to have infectious disease testing for 

HIV, hepatitis B, and hepatitis C drawn before the 
sample is frozen. It is important to use an FDA- 
approved lab (. Table 20.2).

We do not have a laboratory for long-term 
storage of cryopreserved specimens at our institu-
tion. At this time, cryopreserved ovarian tissue at 
CCHMC is placed in shipping media and shipped 
off-site for storage. Patients who opt for oocyte 
and/or embryo cryopreservation receive those 
services (evaluation, hormonal management, 

New patient
presents

Fertility consult
Placed via EMR,
phone, or email

Primary
team/fertility
team discuss

patient
Candidate for

fertility consult?

Yes:
Video sent to patient

Risk assessment
completed

No

Document
ineligibility in

EMRFertility consult using
SDM tool

Prepubertal

Male Female

Testicular
tissue

freezing*
Ovarian tissue

freezing*

Male Female

Pubertal

Sperm freezing
Testicular tissue

freezing*

Oocyte/Embryo
freezing

Ovarian tissue
freezing*

*Under IRB-approved protocol

       . Fig. 20.1 Program workflow

       . Table 20.2 Laboratory testing

Females AMH

LH

FSH

Estradiol

Males Testosterone
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and tissue processing) through an adult-based 
Reproductive Endocrinology and Infertility (REI) 
facility. We maintain a strong collaborative rela-
tionship with the adult team to allow timely refer-
rals as well as research and quality improvement 
work. Transportation for sperm banking services 
is sometimes difficult for patients due to timing 
and/or medical conditions prohibiting travel. A 
private, onsite room for semen collection (not the 
patient’s hospital room) will help decrease anxiety 
and increase success rates.

We do perform tissue processing and short- 
term storage in-house. We partnered with our 
pathology laboratory colleagues to identify 
appropriately trained staff, space, equipment, 
and surveillance of the transiently stored tissue 
and storage tanks. Our entire team was trained in 
good tissue practices to ensure proper manage-
ment and handling of human ovarian tissue.

Minimizing transfer costs for cryopreserved 
tissue can be helpful. There is a transfer fee asso-
ciated with shipping specimens to the long-term 
cryopreservation facility. It is a flat fee indepen-
dent of the number of specimens that is passed 
along to the patient. Batching specimens helps to 
defray the cost to the patient by dividing it among 
multiple samples.

20.3.2   Financial Concerns

Unfortunately, since many insurance providers do 
not provide full coverage for fertility preservation 
services, it is important to include financial coun-
seling as part of the initial consultation. Fees may 
vary by institution. In some cases, discounts may be 
available for some or all of the services. It may be 
advantageous to attempt to process claims through 
the insurance carrier, before collecting any poten-
tial payment on the part of the patient. However, 
in order to store cryopreserved tissue for future 
use, payment is often due at the time of service. It is 
important to know the facilities and policies in your 
community to properly counsel families as they 
make their decision regarding fertility preservation.

Many assisted reproduction facilities offer 
discounted services for oncofertility patients. We 
have also found that combining fertility preser-
vation procedure with other OR-related events 
(central line placement, etc.) when medically 
appropriate can help to bundle expenses and help 
to defray cost (. Table 20.3).

       . Table 20.3 Potential costs to patient

Consultations

Initial fertility 
consultation

Office visit cost and/or 
insurance co-pay

REI/urology 
consultation

Office visit cost and/or 
insurance co-pay

Fertility preservation intervention

Sperm 
 cryopreservation

Collection fee

Shipment to storage facility

Yearly storage fee

Testicular tissue 
preservation

Transportation fee if 
procedure not performed at 
local institution

OR/surgery/anesthesia costs 
if not covered under another 
procedure

Shipment to storage facility

Yearly storage fee

Oocyte/embryo 
cryopreservation

Medication cost

Procedural costs for 
retrieving oocytes

Shipment to storage facility

Yearly storage fee

Ovarian tissue 
cryopreservation

Transportation fee if 
procedure not performed at 
local institution

OR/surgery/anesthesia cost if 
not covered under another 
procedure

Shipment to storage facility

Yearly storage fee

Future use of reproductive tissues

Tissue 
 reimplantation

Shipment of reproductive 
tissue to clinic/hospital of 
patient’s choice

OR/surgery/anesthesia costs 
if not covered under another 
procedure

In vitro fertilization Shipment of reproductive 
tissue to clinic/hospital of 
patient’s choice

Medication costs

Procedural costs for implant-
ing an embryo
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20.4   Consultation Aids

Most patients with a pediatric malignancy begin 
therapy very soon after diagnosis. The families 
receive a great deal of information in a very short 
and stressful time period. In addition to infor-
mation about the diagnosis and therapy plan, 
they must also process the information related to 
fertility risk and preservation. We have aligned 
with two additional resources to aid in this pro-
cess. Our first partnership is with the LiveWell 
Collaboration at the University of Cincinnati. 
Through this effort we were able to develop 
an animated video introducing the concept of 
oncofertility and fertility preservation. The video 
is available on our hospital network as well as a 
public Internet site (YouTube) for repeated view-
ings. New patients/families watch this prior to 
meeting with our team. Next, we worked with the 
James M. Anderson Center for Health Systems 
Excellence at CCHMC to develop a Shared 
Decision-Making (SDM) tool. Employing written 
materials with the consultation may allow patients 
and families a resource for reviewing information 
in their decision-making process. This gives the 
patient and family written information on risk 
and options in an easy-to- read format. It is eas-
ily reproducible so that each family can keep their 
copy for future reference. The SDM tool is used 
to walk the family through the process of under-
standing the individualized risk to their child as 
well as the options available specifically to them. 
The tool also allows stratification of factors that 
will be important for patients and families to 
consider in making their decision. For example, 
factors such as timing, additional surgical risk, 
cultural importance of fertility, religious consider-
ations, and cost are outlined in the tool.

20.5   Documentation

Patients who receive a fertility consult have the 
encounter formally documented in our electronic 
medical record (EMR). It becomes part of their 
official medical chart. We have created a separate 
category specific to our team (labeled fertility 
consult) so that it is searchable in the EMR.  It 
is important to document the diagnosis, date 
of diagnosis, treatment plan, and expected risk 
of infertility from therapy. The note should also 
capture the patient age and pubertal status as this 

will significantly impact potential therapeutic 
options. The note should detail the discussion 
with the patient and family: fertility preservation 
options available to the patient and risk/benefit 
of each. Finally, the note must communicate the 
next steps in the fertility preservation plan. If a 
family is uncertain as to how they would like to 
proceed, the note will state a timeline for follow-
up. In this circumstance a follow-up note will be 
needed to document the decision and next steps 
in the oncofertility process.

Finally, a clinical database of consults is help-
ful. This can be maintained by the fertility navi-
gator. This allows the team to track patients for 
follow-up during and after their cancer-directed 
therapy. Many times new questions arise and/or 
new options become available throughout the 
course of therapy. For example, a patient with 
acute lymphoblastic leukemia may be classified 
as having low risk of infertility due to therapy 
at diagnosis but then experiences a relapse and 
requires a bone marrow transplant. He or she is 
now at high risk of infertility from the planned 
therapy and may opt to choose a fertility preser-
vation method. In another example, females at 
risk of premature ovarian insufficiency who did 
not have time to undergo oocyte or embryo cryo-
preservation prior to beginning therapy may elect 
to do so after completing therapy.

20.6   Communication and 
Institutional Awareness

Pediatric oncofertility is becoming more common 
but is still relatively rare in practice. Two of the 
greatest barriers are (1) not requesting the consult 
at all and (2) not initiating the consult in a timely 
manner. There are several ways one might address 
this issue:

 5 Initiating the consultation. An individual on 
the oncology team is designated as the person 
to initiate the consult on new patients. We 
have chosen to use our patient care manager 
(oncology navigator) for this role and added 
it to the checklist of our new diagnosis order 
set. This aligns the consult with our other 
new diagnosis consults and disease evaluation 
protocols. By relieving the primary oncologist 
from this obligation, it allows them to focus 
on their area of expertise – Developing the 
best treatment plan for the malignancy.

Building a Pediatric Oncofertility Practice
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 5 Medical provider education. Healthcare 
professional education is key. Frequent in-
service meetings for staff and physicians will 
increase awareness and knowledge. This in 
turn increases the volume of consultations. 
Our institution also has disease-specific team 
meetings. Having a presence at these meet-
ings has helped to increase education and 
awareness.

 5 Ease of access. Consults are requested 
through the new patient order set in the 
EMR. We also have a designated email: fer-
tilityconsult@cchmc.org. Our patient care 
managers communicate new consult requests 
via this email. It is checked several times per 
day by members of the fertility consult team. 
There is a member of the fertility consult 
team on call at all times. The call number is 
listed along with the hematology/oncology/
BMT call schedule.

 5 Visibility. With the increasing use of technol-
ogy among today’s healthcare consumers, 
online access is critical. We have a designated 
fertility preservation landing page within the 
hospital website (7 www. cincinnatichildrens. 
org). The page is also embedded within 
the oncology pages. It is easily accessible 
through the hospital search function as well 
as independent search functions under the 
title “Comprehensive Fertility Care and 
Preservation Program.”

 5 Peer-to-peer information. Nothing empha-
sizes the credibility of information like 
someone who has already navigated the same 
stressful or overwhelming experience. Web-
based video testimonials from current and 
former patients are available on our website 
for patients, families, and providers to review.

20.7   Cultural Considerations

Our hospital has become an international refer-
ral center for many conditions. It is important for 
team members to appreciate the beliefs of the dif-
ferent cultures and religions surrounding fertility, 
children, and afterlife. We work closely with our 
Global Health Division to understand regional 
customs prior to performing consultations. In 
addition, we make every attempt to provide 

written information in the family’s native lan-
guage and use an interpreter for all interactions. 
We have found that the importance of having 
one’s own biological child varies greatly by cul-
ture. By addressing this issue, we are able to prop-
erly acknowledge the future fertility concerns of 
our international families. This in turn educates 
our team, and we gain a better understanding of 
fertility in each culture we encounter.

 Review Questions and Answers

 ? Q1.  True or false: Fertility preservation 
 procedures are usually covered by 
 insurance.

 v A1.  False. Most insurance policies do not 
cover fertility preservation. However, 
there may be financial assistance pro-
grams available, both on a national and 
local level. It is important to know what 
is available in your area.

 ? Q2.  Which of the following describe aspects 
of care that are unique to pediatric 
patients/families considering fertility 
preservation?
 (a) Parents must consent for patients 

under the age of 18.
 (b) There is often not much time 

between diagnosis and start of 
therapy with pediatric malignancies.

 (c) All of the above.
 (d) None of the above.

 v A2. (c)

 ? Q3.  True or false: Visual aids may help a fam-
ily process information during the fertil-
ity preservation consultation.

 v A3.  True. Our team uses both an animated 
video and written material during the 
consultation process.

 ? Q4.  Name several modalities a consulting 
team might use to reach the fertility 
team (and thus make obtaining a con-
sult easy).
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 v A4.  Our team uses the following methods: 
specific pager, EMR order set and con-
sult order, specific fertility email, specific 
fertility phone number, and on-call 
fertility team member listed on hospital 
call list. There are certainly other ways of 
reaching the fertility team, and institu-
tions should use the methods that work 
best in their system.
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Key Points
 5 Information regarding impact treatment 

will have on future fertility and fertility 
preservation options should be provided 
to pediatric and adolescent patients and 
families prior to initiation of cancer 
treatment.

 5 Counseling patients and families 
includes consideration of the child’s age 
and maturity level, family’s health 
literacy, socioeconomic class, and 
cultural or religious background.

 5 Social workers, child life therapists, and 
psychologists can be utilized to provide 
reproductive information to children and 
adolescents in developmentally appro-
priate terms.

 5 Counseling childhood and AYA cancer 
patients should be ongoing throughout 
treatment and into survivorship.

The pace of pediatric oncology moves quickly, 
especially at the time of a cancer diagnosis. 
Families are overwhelmed by the diagnosis of a 
life- threatening illness in a previously healthy 
child, and they are inundated with information. 
Counseling a family on FP may not be an initial 
priority at the time of diagnosis, and, fortunately, 
the majority of childhood cancer survivors are 
not at risk for infertility [4, 21]. For those patients 
receiving treatment which may harm future fertil-
ity, counseling regarding the impact of treatment 
on fertility and preservation options prior to ini-
tiation of cancer therapy is important. For patients 
at risk for compromised fertility, the evidence 
supports a discussion regarding the risk of infer-
tility and FP options prior to treatment initiation 
is extremely important [17, 20].

Educating families regarding side effects of 
treatment is the responsibility of both nurses and 
physicians. Fertility preservation as a patient 
right is supported by the American Society of 
Clinical Oncologists (ASCO), the American 
Society for Reproductive Medicine (ASRM), the 
American Academy of Pediatrics (AAP), and the 
Association of Pediatric Hematology and 
Oncology Nurses (APHON). These professional 
organizations support patient access to FP prior 
to treatment, as well as the need for ongoing 

emotional and physical support once treatment is 
completed [1, 5, 9, 14]. Current recommenda-
tions from ASCO, ASRM, AAP, and the nursing 
committee of the Children’s Oncology Group 
(COG) endorse offering sperm banking to all 
adolescent and young adult males receiving can-
cer treatment. Oocyte harvesting is no longer 
considered experimental and should be discussed 
prior to treatment initiation with adolescent and 
young adult female patients at high risk for infer-
tility [1, 9, 10, 14]. Nonexperimental methods of 
FP may not be available to a patient because of 
age, urgency to start treatment, or disease pro-
cess. In such cases, the healthcare team is obli-
gated to explain to families that experimental 
methods such as ovarian or testicular tissue cryo-
preservation may be an option for their child. 
Referral to an institution offering FP should be 
made as the family wishes.

The FP consult not only includes counseling 
with the patient and family but also with the 
oncology team, who are often unfamiliar with 
reproductive medicine technology. Conversely, 
reproductive medicine teams do not routinely 
encounter a critically ill pediatric or adolescent 
patient. The reproductive medicine team may 
require assistance in providing developmentally 
appropriate care to the patient, as well as caring 
for the entire family at a time of great stress. 
Utilization of a nurse or patient navigator to facil-
itate the coordination of patient care between the 
primary oncology team and reproductive medi-
cine specialists is key to successfully caring for 
patients and families throughout treatment and 
into survivorship.

21.1  The Primary Treatment Team

The FP referral is often initiated by the patient’s 
primary oncology team, either as a standard com-
ponent of the new diagnosis workup or at the 
request of the family. Despite professional guide-
lines from ASCO and the AAP, research shows 
that many patients, especially female patients, are 
not satisfied with FP discussions prior to treat-
ment [6, 8, 22]. Barriers to FP include healthcare 
provider discomfort with patient sexuality, cul-
tural and religious influences, lack of knowledge 
regarding FP options, and concerns regarding the 
cost of FP [18]. A fertility preservation consultant 
is able to provide the family with FP information 
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and allows the oncology team to focus on sup-
porting the family through the new diagnosis dis-
cussion.

The fertility preservation consultant must 
meet with the primary team prior to counseling 
the patient and family. Information regarding 
diagnosis, medical and surgical history, Tanner 
stage, relapse information, planned cancer treat-
ment, as well as previous cancer treatment is vital 
to assess the patient’s risk of infertility. Another 
key component to counseling families is informa-
tion regarding religious or cultural influences, 
family literacy level, preferred language, and any 
discussions the treatment team had with families 
regarding FP.  A consult order in the electronic 
medical record formalizes the referral process and 
allows the FP team to track the number of patients 
referred to the service.

21.2  Assessing Risk of Infertility

A comprehensive medical history and physical 
exam, including Tanner staging, should be per-
formed. Review of the treatment plan to assess 
the risk of infertility is vital. If the patient is eli-
gible to enroll in a research study, the determina-
tion of patient eligibility is based upon planned 
treatment is required and should be verified prior 
to discussing FP options with families. The risk of 
infertility must be weighed with the cost, poten-
tial delay in treatment, cultural and ethical con-
cerns regarding assisted reproduction, and health 
of the patient. The cyclophosphamide equivalent 
dose [13] has increasingly been used to estimate 
the potential risk of infertility due to alkylating 
agent exposure. When estimating the likelihood 
of infertility, previous chemotherapy, radiation, 
and surgeries must be included in the risk assess-
ment.

Fertility preservation medical history
 5 Family medical history
 5 Genetic disorders
 5 Cancer syndromes
 5 Reproductive/sexual health

 5 Biological children
 5 Sexual transmitted infections
 5 Sexual activity

 Ȥ Partners – male, female, both
 Ȥ Age at intercourse

 Ȥ Number of partners
 Ȥ Type of sex – oral, vaginal, anal

 5 Puberty history – Females
 5 Tanner stage
 5 Libido
 5 Menstrual history

 Ȥ Age at which menstruation began
 Ȥ LMP
 Ȥ Frequency and duration of cycles

 5 Pregnancies
 Ȥ Number
 Ȥ Terminations

 5 Puberty history – males
 5 Tanner stage
 5 Nocturnal emissions – age
 5 Erectile dysfunction
 5 Libido

21.3  Counseling Children 
and Adolescents

Information families provide to their children on 
the topics of sexuality and reproductive biology 
varies widely [15]. Healthcare providers counsel-
ing families on the topic of fertility preservation 
cannot assume either the parents or the patient 
possesses an understanding of basic reproductive 
biology. Therefore, any discussion on fertility 
preservation must include an explanation of 
puberty, reproductive health, pregnancy, meno-
pause, and hormone regulation. Information pro-
vided to the patient should be developmentally 
appropriate and determined by the patient’s age, 
cognitive ability to grasp the topic, and maturity 
level. Initiation of fertility preservation or repro-
ductive health following cancer treatment is more 
successful if a healthcare provider begins the dis-
cussion [22]. Open-ended questions such as “have 
you thought about being a mom or dad in the 
future?” provide the patient the opportunity to 
express a vision of their future in a developmen-
tally appropriate manner. Many pediatric hospi-
tals employ child life therapists who are able to 
assist both the parents and the healthcare team to 
use developmentally appropriate language to 
explain reproduction and any FP procedures the 
patient might undergo.

There is never a “good time” to discuss the risk 
of infertility with a cancer patient, but waiting 
until after the initiation of treatment is not  
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optimal and may mean FP is no longer feasible. 
The concepts of patient autonomy and informed 
decision- making require the patient and family to 
be provided with the information needed to 
determine if fertility preservation is a viable 
option as early as possible. Armuand et  al. [3] 
report adult female cancer patients not provided 
information on FP options described a loss of 
control and report a greater sense of loss than 
male cancer patients. The researchers also state 
healthcare providers’ assumptions about a 
patient’s desire for FP rob the patient of autonomy.

During the course of the diagnosis and treat-
ment discussions, the healthcare team reviews all 
potential side effects of treatment. A fertility pres-
ervation counselor or patient navigator is often 
the best professional to provide the patient and 
family information on FP options as well as repro-
ductive health information during and following 
treatment. The impact of treatment on reproduc-
tive health and sexuality should also be included 
in the discussion. For example, a male patient at 
risk for retrograde ejaculation due to a reproperi-
toneal lymph node dissection should be informed 
of these side effects prior to surgery. Even patients 
whose treatment plan confers a low risk of infer-
tility should be informed that treatment is unlikely 
to impact future reproductive health.

Parents of young children may prefer to dis-
cuss FP without their child present and may seek 
guidance from the healthcare team on how and 
when to begin the discussion with their child. 
Asking the parents if they wish to discuss FP with 
their child or if a discussion led by the healthcare 
team is desired provides the opportunity for 
families to choose the manner in which the 
information is delivered. Children can feel unte-
thered if the adults around them are not provid-
ing information in an attempt to protect the 
child; therefore, it is important for the adults to 
structure the discussion, allow the patient to 
express concerns and fears, and have the parents 
and healthcare team respond to those concerns 
and fears. How adults respond to the child is 
more important than what is said [2]. A pediatric 
social worker or child life specialist may be help-
ful in providing the patient developmentally 
appropriate information.

It is best to begin with a basic explanation of 
reproduction, given in the patient and family’s 
native language. Reassuring the patient that 
puberty and reproduction are a normal part of the 

human experience is vital. Quizzing the child is 
counterproductive and may inhibit any discus-
sion on FP. Allowing the patient and family to ask 
questions is important, as well as giving them 
time to process the information provided. Patients 
may not be familiar with medical terms such as 
masturbation, oocyte, or testicles, requiring the 
healthcare provider to use slang terms to provide 
context to the discussion. Medications, stress, 
cognitive delays, language, fatigue, and cultural 
barriers may impact comprehension of the topic. 
The complex nature of the topic, as well as the 
seriousness of the cancer diagnosis, may necessi-
tate several meetings with the family to adequately 
cover the topic. Do not assume that a child who is 
silent during the discussion is not paying atten-
tion or is not curious about the topic – embarrass-
ment, fear, or anxiety may prevent him or her 
from engaging in a dialogue. Conversely, do not 
allow a parent to dominate the conversation or 
speak for the child (7 Box 21.1).

Box 21.1 Guidelines for Counseling 
Families
 1. Set the environment to allow for a private 

discussion
 2. Lead the discussion
 3. Do not assume the patient or family has 

knowledge of reproductive biology
 4. Allow time to process information and 

formulate questions
 5. Do not allow the parent to speak for the 

child
 6. Do not assume a patient’s silence means a 

lack of interest in the topic

Adolescence is often divided into three distinct 
phases of development. Therefore, counseling 
adolescents on reproductive health and FP is quite 
different than younger children. Early adoles-
cence is from 11 to 13 years, middle adolescence 
is 14–16  years, and then late adolescence is 
17–21 years of age [19]. Cognitive, emotional, and 
developmental needs of each stage of adolescent 
development influence how sensitive information 
such as FP is communicated with the patient.

Physical development does not correspond to 
the emotional and cognitive changes occurring 
during this time. A physically mature 14-year-
old may be a concrete thinker, not quite able to 
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grasp the significance of the decision to proceed 
with FP.  If desired, the adolescent should be 
given the opportunity to discuss reproductive 
health and FP without parents present. To avoid 
any conflict between the adolescent and parents, 
the healthcare provider asks the adolescent if he 
or she wishes to have a parent or both parents 
present during the FP consult visit. This estab-
lishes that the adolescent is the patient and not 
the parent(s) [16].

21.4  Discussing Cost, Consent, 
and Disposal of Tissue  
in Event of Death

In addition to counseling families on the risk of 
infertility and FP options, families need to be 
informed of the cost of FP, the consent process, 
and tissue disposal. These topics may be even 
more sensitive for families than FP. Children may 
worry about the cost of FP and decline due to 
concerns of cost or financial burden to the family. 
The decision on what happens to tissue or sperm 
in the event of the patient’s death may be influ-
enced by religion or culture. These are sensitive 
topics and for most families should not be dis-
cussed in the presence of a minor child. The 
healthcare provider must not allow assumptions 
regarding a family’s socioeconomic level, culture, 
or religion to influence what information a family 
is given. A 2014 study examining adult male sur-
vivors of childhood cancer and their parents iden-
tified many themes regarding FP decisions at the 
time of diagnosis. Cost of FP was not identified by 
any parent as a factor influencing their decision- 
making at the time of diagnosis [20].

Consent for medical procedures and research 
is guided by both legal and ethical principles. In 
the United States, the age of consent is typically 
18  years of age. An adolescent may be asked to 
provide assent for medical procedures. 
Participation in experimental and standard of 
care fertility preservation requires both parental 
consent and adolescent assent. Maintaining the 
adolescent’s “independence and enabling sup-
portive collaboration with parents” is vital [12]. 
When enrollment in a research study is sought, 
the adolescent patient’s refusal to assent to the 
study should supersede the parent’s consent to 
study enrollment [11]. Consent and assent docu-
ments must include what will be done with the 

tissue or sperm in the event of death. When a 
minor child reaches the age of 18, the tissue or 
sperm bank must consent the patient.

21.5  Fertility Preservation 
and Sexual Health Counseling 
after Treatment Is Completed

Optimal care of childhood cancer patients includes 
educating and informing them of sexual and repro-
ductive health issues throughout their develop-
mental stages and lifespan. Patients treated for 
cancer prior to the start of puberty should be mon-
itored for precocious or delayed puberty. 
Anticipatory guidance includes discussing how 
treatment may or may not impact sexual develop-
ment and fertility throughout all phases of treat-
ment, including survivorship. For example, parents 
of a child diagnosed with cancer at the age of 4 may 
not be concerned about pubertal development 
until their child is approaching puberty. As the 
patient matures, information is provided in a devel-
opmentally appropriate manner. Patients should be 
given the opportunity to discuss sexual health and 
reproductive issues, including contraception, with-
out parents present, regardless of the patient’s age.

Ongoing monitoring of hormone levels such as 
testosterone or estradiol may be indicated for 
patients who received gonadotoxic treatment. The 
Children’s Oncology Group Survivorship Guidelines 
provide recommendations for monitoring the 
reproductive health of childhood cancer survivors 
post treatment. These guidelines may be incorpo-
rated into counseling patients [7]. Fertility preserva-
tion following cancer treatment may be appropriate 
after completion of cancer treatment for females 
who are at risk for premature menopause. 
Healthcare providers should review FP options fol-
lowing treatment with patients. Additionally, exam-
ining options such as adoption, use of donor oocytes 
or sperm, or gestational carrier should be discussed 
with adult survivors of childhood cancers who are 
infertile due to treatment.

21.6  Conclusion

Counseling patients and families on the topic of 
FP starts at the time of diagnosis and continues 
throughout the care trajectory. Discussions 
include not only FP options available but also 
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reproductive health and parenting options. 
Healthcare providers should not wait for families 
to initiate a conversation on the topic of 
FP. Reassurance that this is a normal part of the 
human experience and important to the care of 
any cancer patient is vital. For families struggling 
emotionally with concerns about their child’s 
future fertility, utilizing other services such as 
social work, chaplain services, or child life thera-
pists will provide both information and emotional 
support to families during a very difficult time.

 Review Questions and Answers

 ?  Q1.  True or false? Barriers to fertility 
preservation include provider 
concerns about family’s ability to pay 
for procedures, cultural and religious 
influences, discomfort with the topic, 
and lack of awareness of available 
options.

 v  A1. True

 ?  Q2.  True or false? A 16-year-old male who 
is staring at the floor when meeting 
with the provider to discuss sperm 
banking is not interested in his fertility.

 v  A2. False

 ?  Q3. Sexual identity begins to emerge in:
 (a) Early adolescence
 (b) Middle adolescence
 (c) Late adolescence

 v  A3. (a)

 ?  Q4.  True or False? Patients younger than 
18 should be offered the opportunity 
to discuss fertility preservation 
without parents present.

 v  A4. True
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Key Points
 5 Genetic counselors believe fertility pres-

ervation discussions are an important 
part of their role as healthcare providers.

 5 Genetic counselors may use a nondirec-
tive approach to discuss fertility pres-
ervation with patients prior to cancer 
treatment or prophylactic surgery, 
effectively bridging the oncofertility 
information gap.

22.1   Introduction

As of January 1, 2016, it is estimated that there 
are more than 15 million cancer survivors in the 
United States, 8 million of whom are women [1]. 
By 2026, the American Cancer Society [1] esti-
mates there will be more than 10 million female 
cancer survivors. Approximately 10% of indi-
viduals diagnosed with cancer are younger than 
45 years of age and thus still within their repro-
ductive years [1, 13]. Additionally, the 5-year 
relative survival rate for all cancers diagnosed 
between 2008 and 2014 is 67.5%, up from 49% 
between 1975 and 1977 [18]. The increase in sur-
vival rate can be attributed to progress in earlier 
diagnosis and improvements in treatment. With 
an increase in cancer survival, we can expect that 
more young women diagnosed with cancer will 
be seeking information about fertility preserva-
tion prior to cancer treatment. In fact, approxi-
mately 75% of young adult cancer survivors who 
have not previously had children express a desire 
for children in the future [13].

The goal of oncofertility is to balance life- 
preserving cancer treatments with fertility pre-
serving options. Three main gaps have created 
an unmet need for preserving fertility in patients 
with cancer: an information gap, a data gap, and 
an option gap. The information gap, in particular, 
involves a lack of cancer patient understanding 
regarding the effects of cancer treatment on fertil-
ity and the option of fertility preservation. Many 
cancer patients do not recall discussing the impact 
of cancer treatment on fertility with their physi-
cian; because of this, multidisciplinary care that 
includes fertility treatment is especially valuable 
for bridging the information gap. In particular, 

genetic counselors—healthcare professionals spe-
cifically trained to deliver options and facilitate 
decision-making while focusing on psychosocial 
issues—are an untapped resource for educating 
cancer patients about fertility impairment and 
fertility preservation options. Genetic counselors 
possess the necessary skills to bridge the oncofer-
tility information gap.

22.2   The Oncofertility 
Information Gap

Advances in cancer diagnostics and treatments 
have redefined the previous treatment-based 
approach to a broader perspective including sur-
vivorship and quality of life [12]. This new longer- 
term perspective on cancer care has revealed gaps 
in clinician-patient education, communication, 
and decision support with regard to fertility pres-
ervation that need to be addressed.

22.2.1   Lack of Oncofertility 
Patient Education 
and Communication

As part of their care, oncology healthcare provid-
ers should not only focus on the short-term goal 
of treatment and survival but also help cancer 
patients to preserve the best possible quality of life, 
including the possibility of having children [27]. 
If women are not informed of the risk that cancer 
treatment poses to their fertility, they may lose 
the opportunity to preserve their fertility prior to 
cancer treatment [16]. Even women who choose 
not to become parents value the opportunity to 
preserve their fertility [14]. Fertility preservation 
is especially important in adolescent and young 
adult patients with cancer, and unfortunately 
it is one of the most under-prescribed and least 
implemented services in their cancer care [5]. 
The National Comprehensive Cancer Network 
(NCCN) guidelines for young adults with can-
cer state that fertility preservation should be an 
essential part of cancer management, and the 
risk of infertility associated with cancer therapy 
should be discussed at the time of diagnosis [5]. 
Yet, while 75% of young women express interest 
in the opportunity to have children after a can-
cer diagnosis, as few as 34% of reproductive-age 
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women treated for cancer recall having a dis-
cussion about the effects of cancer treatment 
on fertility [16]. The lack of patient education 
about fertility preservation is associated with the 
desire of the healthcare provider to start cancer 
 treatment immediately, a lack of adequate knowl-
edge regarding fertility preservation by the cancer 
care team, and insufficient provider-patient com-
munication skills.

Studies show that few women with a new 
diagnosis of cancer are afforded the opportunity 
to discuss the benefits and limitations of fertil-
ity preservation options available to them. Many 
oncologists report little time to discuss future 
fertility or options for fertility preservation with 
their patients because the immediate focus is on 
cancer treatment. Providers also report they do 
not discuss fertility preservation with patients 
because fertility preservation techniques were not 
effective or useful or that fertility would not be 
affected by first-line chemotherapy [6, 8, 19].

In addition to their focus on the immediate 
need to start treatment, healthcare providers may 
not have adequate knowledge or sufficient com-
munication skills to counsel concerned patients 
in a timely and supportive manner [21]. Hayat 
Roshanai et al. [11] found that physicians rarely 
ask about patients’ concerns and questions in the 
oncology setting. However, some oncologists cite 
that lack of discussion is due to the perception 
that if a patient did not raise the issue themselves, 
then they were not interested [16].

Patient communication involves not only the 
transfer of information but also the provision of 
psychological and emotional support. Emotional 
support for young women with cancer is espe-
cially important because they experience greater 
distress and less emotional well-being than older 
women [12]. Counseling requires the ability to 
take into account a patient’s individual back-
ground, provide information and support in 
a timely and accurate manner, and address the 
patient’s emotional needs [21]. Kirkman et  al. 
[14] found that the psychosocial needs of young 
women with cancer were not met and staff 
numbers in psychology and counseling were 
inadequate. In another study, women cancer sur-
vivors reported that fertility was a vital concern 
because they wanted to preserve not only quality 
of life after cancer but also protect their mental 
and emotional health [27]. Healthcare providers 

with proper training in counseling may be better 
equipped to provide emotional support to can-
cer patients and therefore facilitate discussions 
of fertility preservation and post-cancer quality 
of life.

To address psychosocial and behavioral 
issues, the NCCN provides a detailed list of sup-
port healthcare workers who can provide coun-
seling to young adults with cancer. These patients 
need healthcare providers who are able to assess 
cognitive function, emotional issues, and evalu-
ate other psychiatric symptoms, depression, 
and anxiety. Additionally, healthcare providers 
offering psychosocial support to young adult 
cancer patients need to be able to take into con-
sideration patient existential/spiritual issues, 
personal relationships, decision-making prefer-
ences, and communication preferences that may 
affect cancer treatment and fertility preservation 
decisions [5].

22.2.2   Lack of Oncofertility Patient 
Decision Support

A lack of support for patient decision-making 
also contributes to the oncofertility informa-
tion gap. Patients value fertility preservation and 
those healthcare providers who recognize that 
childbearing is a future option [14]. Patients want 
healthcare providers to offer options—including 
a discussion of the off-target effects of cancer 
treatment—and to support the decision to try for 
pregnancy after cancer treatment [14]. Patients 
can be particularly troubled when their fertility 
concerns are not well managed. In the Kirkman 
et  al. [14] study, some women reported feeling 
excluded from discussions and decision-making 
about their own fertility. They were given mini-
mal information and regret not being treated 
with consideration, especially when unwarranted 
assumptions were made about their fertility 
plans.

Healthcare providers should not assume they 
understand patient fears, priorities, or preferences 
related to their cancer treatment and fertility pres-
ervation. Doing so may influence the quality of 
the information a provider gives to a patient [19]. 
Alternatively, healthcare providers should be sup-
portive of patient decisions and implement the 
use of the shared decision-making model [4].
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22.2.3   Multidisciplinary Care

In 2013, The American Society of Clinical 
Oncology (ASCO) updated the clinical practice 
guidelines for Fertility Preservation, extending 
the responsibility for discussion and referral of 
fertility preservation beyond the oncologist to 
include other physician specialties and allied 
health professionals [17]. This recommendation 
supports a multidisciplinary approach in the 
cancer care setting including fertility preserva-
tion. Kirkman et al. [14] identified the multidisci-
plinary team approach to cancer care as especially 
valuable in a qualitative study of the significance 
of fertility and motherhood after a cancer diag-
nosis. Multidisciplinary care mitigates the need 
for the integration of the sensitive topic of fertility 
into an already overwhelming oncology consulta-
tion. Research suggests that the multidisciplinary 
approach and inclusion of healthcare workers who 
have special training to address fertility issues in 
the confusing period of time just after a cancer 
diagnosis would be well received by patients [15].

22.3   The Role of the Genetic 
Counselor

Genetic counselors are medical professionals who 
have undergone extensive graduate-level human 
genetics and psychosocial coursework. They pos-
sess the necessary skill set to deliver options and 
facilitate decision-making while also focusing on 
psychosocial concerns.

Genetic counselors facilitate informed medi-
cal decision-making by patients in many arenas, 
including genetic testing, family planning, medi-
cal screening, and treatment [7]. They are able 
to provide relevant information, reduce anxiety, 
and empower patients to make decisions through 
nondirective counseling. Nondirectiveness is an 
active counseling strategy which allows genetic 
counselors to support client autonomy and 
facilitate informed patient decision-making [2, 
22, 25]. The goal of this approach is to increase 
patient self-esteem and enable patients to make 
independent, informed decisions free from coer-
cion [23]. Nondirective counseling techniques 
employed by genetic counselors leave patients 
with greater sense of control over their lives and 
decisions [22].

Genetic counselors utilize their training 
and skills to reduce patient anxiety, enhance the 
patient’s sense of control and mastery over life 
circumstances, increase patient understanding of 
the genetic disease and options for testing and dis-
ease management, and provide the individual and 
family with the tools required to adjust to poten-
tial outcomes [2]. The unique skill set of genetic 
counselors can be used to discuss the effects of 
cancer treatment on fertility and, through nondi-
rective counseling, facilitate fertility preservation 
decision-making with patients during the sensi-
tive window of time prior to cancer treatment or 
prophylactic surgery for women with a personal 
or family history suggestive of a hereditary or 
familial cancer.

22.4   Genetic Counselors 
and Fertility Preservation

It is recommended by the NCCN that individu-
als with a personal or family history suggestive 
of a hereditary or familial cancer be referred to 
a genetics expert, such as a genetic counselor, for 
further counseling and risk assessment. In addi-
tion to risk assessment, an appointment with a 
genetic counselor typically includes discussion 
of genetic testing, cancer risk-reducing options 
like prophylactic surgery, cancer treatment, risk 
to family members, and family planning consid-
erations. The genetic counseling appointment is 
an opportune time to discuss the effect of cancer 
treatment on fertility and fertility preservation 
options.

While genetic counselors are a widely 
accepted addition to oncology and reproductive 
patient care, only one study to date has assessed 
genetic counselors’ attitudes, knowledge, and 
discussion of fertility preservation in cancer 
patients. Several themes emerged from a survey 
of 218 oncology genetic counselors regarding 
care of breast and ovarian cancer patients by 
Volk et al. [24], including the general belief that 
fertility preservation discussions are important 
and part of the role of the genetic counselor. The 
study also identified barriers that prevent genetic 
counselors from discussing fertility preservation 
with their breast and ovarian cancer patients; 
the primary obstacle was the timing of cancer 
treatment.
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22.4.1   Genetic Counselor Attitudes 
Toward Fertility Preservation

Almost all (98.7%) of the participating genetic 
counselors in the Volk et  al. [24] study agreed 
or strongly agreed that breast and ovarian can-
cer patients should be told of the risk to fertility 
associated with cancer treatments. Approximately 
70.2% of genetic counselors believed that discuss-
ing fertility preservation with their breast and 
ovarian cancer patients is part of their role as 
genetic counselors. A majority (61% and 65.4%, 
respectively) also stated that cancer patients 
and patients with an identified BRCA1/2 patho-
genic variant have asked about the potential 
threats to their fertility caused by treatment. In 
fact, most genetic counselors stated that fertil-
ity options were a major concern for all of their 
cancer patients (51.7%) as well as patients with a 
BRCA1/2 pathogenic variant (63.8%).

The majority of genetic counselors in the Volk 
et  al. [24] study stated that cancer patients have 
asked about fertility problems associated with 
both surgical and nonsurgical treatment options, 
patients with a BRCA1/2 pathogenic variant have 
asked about problems associated with prophy-
lactic bilateral salpingo-oophorectomy (BSO), 
and, in general, fertility is a major concern for 
both breast and ovarian cancer patients as well as 
patients with a BRCA1/2 pathogenic variant.

22.4.2   Barriers to Discussions 
of Fertility Preservation  
by Genetic Counselors

The major barrier that prevents discussion of 
fertility preservation in genetic counseling ses-
sions is the fact that breast and ovarian cancer 
patients are often seeing genetic counselors 
after cancer treatment (reported by 79.7% in the 
Volk et  al. study). Only 29.5% of genetic coun-
selors reported seeing breast and ovarian cancer 
patients prior to cancer treatment [24]. Ideally, 
discussion of fertility preservation should occur 
before cancer treatment. When genetic counsel-
ing sessions are held prior to cancer treatment 
or prophylactic surgery, genetic counselors can 
integrate fertility preservation into the medical 
management options discussion and facilitation 
of patient decision-making.

22.4.3   Hereditary Cancer Syndromes 
and Fertility Preservation

Hereditary breast and ovarian cancer (HBOC), 
caused by pathogenic variants in BRCA1 and 
BRCA2, and Lynch syndrome, caused by patho-
genic variants in MSH2, MLH1, MSH6, PMS2, 
and EPCAM, are responsible for the majority of 
hereditary gynecologic cancers. In fact, HBOC 
and Lynch syndrome underlie at least 20% of all 
ovarian cancer diagnoses [3, 10, 26]. Women with 
hereditary cancer syndromes undergoing cancer 
treatment or prophylactic cancer- risk- reducing 
surgery that impacts fertility should receive 
information regarding recurrence risk and family 
planning options, in addition to fertility preser-
vation information. HBOC and Lynch syndrome 
are autosomal dominant genetic disorders with 
a 50% recurrence risk with each pregnancy. To 
reduce this risk, patients may pursue preimplan-
tation genetic diagnosis (PGD) and embryo selec-
tion, which has been used in conjunction with 
in vitro fertilization (IVF) to screen embryos for 
an inherited genetic disorder.

The option to consider PGD should be 
included during any fertility preservation discus-
sion with women diagnosed with a hereditary 
cancer syndrome associated with increased risk for 
gynecologic cancer. The majority of reproductive 
endocrinologists consult with a genetic counselor 
regarding PGD for hereditary cancer syndromes 
(92%) and recommend genetic counseling to can-
cer patients considering fertility preservation (82%) 
[9]. Women with hereditary cancer syndromes 
undergoing cancer treatment or prophylactic 
cancer-risk-reducing surgery that impacts fertil-
ity should receive genetic counseling [20]. Genetic 
counselors can address the associated effects on 
fertility, fertility preservation, and option to pursue 
PGD to reduce the risk to pass on the inherited 
cancer susceptibility to their future children.

22.5   Conclusion: Genetic Counselors 
Can Bridge the Oncofertility 
Information Gap

The goal of oncofertility is to balance life- 
preserving cancer treatments with fertility pres-
ervation options. Gaps in information, data, and 
options have led to an unmet need for preserving 
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fertility in patients with cancer. The information 
gap, in particular, involves a lack of cancer patient 
education about fertility impairment associated 
with cancer treatment and fertility preserva-
tion options. As few as 34% of reproductive-age 
women treated for cancer recall discussing the 
effect of cancer treatment on fertility [16], yet 
NCCN guidelines for young adults with cancer 
state that fertility preservation should be an essen-
tial part of cancer management and the effects of 
treatment on fertility should be discussed at the 
time of diagnosis [5]. The oncofertility informa-
tion gap can be attributed to the healthcare pro-
vider’s desire to start treatment immediately, lack 
of adequate knowledge regarding fertility pres-
ervation, and insufficient communication and 
counseling skills.

The oncofertility information gap can be 
addressed with the implementation of a multi-
disciplinary approach to fertility preservation. 
Many patients have emphasized the importance 
of having access to not only fertility specialists 
and oncologists but also psychological support 
and counseling [14]. Meeting this need has led to 
recommendations for a healthcare worker with 
special training to address the sensitive topic 
of fertility preservation separate from the often 
overwhelming initial oncology consultation 
[15]. Genetic counselors possess the skill set to 
discuss the effects of cancer treatment on fertil-
ity and facilitate fertility preservation decision-
making.

According to Volk et al. [24], genetic counsel-
ors believe that fertility preservation discussions 
are important and that they are a part of genetic 
counselors’ role in cancer care. Genetic counselors 
possess the necessary skills to bridge the oncofer-
tility information gap with their patients—those 
who have a personal or family history suggestive 
of familial or hereditary cancer. Unlike the tradi-
tional treatment-based discussions with patients, 
genetic counselors use a nondirective, patient-
centered counseling approach to facilitate shared 
decision-making.

The NCCN guidelines for young adult cancer 
recommend a genetic and familial risk assess-
ment within the first 2 months after the start of 
treatment [5]. However, because timing of can-
cer treatment is identified as the number one 
barrier to genetic counselors’ ability to discuss 

potential threats to fertility and fertility preserva-
tion options, healthcare providers should refer 
young women diagnosed with cancer to a genetic 
counselor prior to cancer treatment. Genetic 
counselors have a unique skill set that allows them 
to discuss options, facilitate decision-making, and 
make valuable psychosocial assessments that may 
underlie cancer treatment and subsequent fertil-
ity preservation. Genetic counselors can effec-
tively bridge the oncofertility information gap for 
patients with a personal or family history sugges-
tive of a hereditary or familial cancer.
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 Review Questions and Answers

 ? Q1.  For what indications should a patient be 
referred to a genetic counselor?

 v A1.  Personal or family history suggestive of 
a hereditary or familial cancer or an 
individual with a hereditary cancer 
syndrome considering healthcare 
intervention which may impact fertility 
and/or family planning, such as 
prophylactic bilateral salpingo-
oophorectomy, fertility preservation, or 
preimplantation genetic diagnosis.

 ? Q2.  How can a genetic counselor work with 
the oncology care team to increase 
oncofertility discussions and shared 
decision- making?

 v A2.  A genetic counselor is part of the 
multidisciplinary cancer care team. They 
are allied health professionals with 
training in human genetics, psychosocial 
counseling, and facilitating of medical 
decision-making. The genetic counselor 
can integrate fertility preservation into 
their discussions with patients regarding 
cancer treatment, risk reduction, and 
recurrence risk/family planning.
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23 Key Points
 5 While distress secondary to cancer-related 

infertility is prevalent across genders, 
women, in particular, face more difficult 
decisions with respect to options for 
fertility preservation. Options for women 
are expensive, time- consuming, invasive, 
and oftentimes experimental.

 5 Financial burden in the form of direct costs, 
such as medical bills and transportation 
expenses, and indirect costs like loss of 
salary and reduction in work results in 
significant psychosocial distress for 
patients.

 5 In addition to biologic infertility, concerns 
for personal health, longevity, pregnancy 
outcomes, and the well-being of offspring 
oftentimes dictate decisions surrounding 
future fertility after a cancer diagnosis.

 5 Oncologic providers should be prepared to 
deliver the latest information regarding the 
deleterious impact of cancer therapy on 
fertility, offer referrals to clinicians with 
appropriate expertise, and coordinate 
therapeutic counseling and peer support 
for reproductive-aged patients afflicted 
with cancer.

23.1  Introduction

According to the American Cancer Society, there 
will be an estimated 1,735,350 new cancer cases 
diagnosed in 2018. Adolescents and young adults 
(ages 15–39) represent approximately 70,000 of 
these cases [1]. All cancers directly or indirectly 
affect patients’ ability to have children [2]. Cancer 
and cancer treatments can disrupt female and 
male fertility by damaging reproductive organs, 
suppressing reproductive function, destabilizing 
sexual health, or delaying reproduction [3, 4]. The 
ability to become a parent is one of the strongest 
predictors of well-being for cancer survivors [5]. 
For many patients, fertility remains a critical issue 
in the short and long term [6]. Cancer-related 
infertility is associated with psychosocial distress 
regardless of whether or not patients choose to 
engage in assisted reproductive technology. Over 
the past three decades, the 5-year relative survival 
rate for all cancers has significantly increased. 
Given the rise in survival rates, infertility  

concerns are becoming more prevalent. Cancer- 
related infertility is associated with long- and 
short-term psychological and social distress 
related to relationships, financial burden, com-
plexity of fertility preservation procedures, alter-
nate paths to parenthood, as well as concerns 
about patient health and the health of future or 
current offspring.

23.2  Prevalence of Distress 
Due to Cancer-Related 
Infertility

Threats to fertility can have a severe and enduring 
impact on cancer patients. For many, the struggle 
with infertility can be felt as intensely as the can-
cer diagnosis itself [7]. Hammond and colleagues 
found that 54% of male and female cancer survi-
vors younger than age 40 expressed elevated 
reproductive concerns [8]. Reproductive con-
cerns have been linked to lower physical and 
mental quality of life scores and heightened 
cancer- specific distress [9]. One study of gyneco-
logic cancer patients revealed that 40% of partici-
pants met the clinical criteria for depression and 
over 50% of women experienced difficulty com-
ing to terms with infertility, longed to give birth, 
or struggled with anger due to fertility concerns 
[3]. Another study found that women used a vari-
ety of potentially harmful strategies to cope with 
the risk of infertility, including denial of negative 
thoughts and avoidance [10]. Men also struggle 
with decisions around fertility and often experi-
ence regret for not taking steps to preserve their 
ability to become a parent [11].

23.3  Correlates of Distress 
Due to Cancer-Related 
Infertility

Individuals struggling with infertility suffer from 
depression and psychological distress at twice the 
rate of the normal population [12]. Cancer-related 
infertility can be even more devastating as it can 
deepen the sense of loss and fear experienced with 
cancer diagnosis [12]. Concerns about fertility 
come at a time when cancer patients may be con-
fronting their own mortality, coping with uncer-
tainty regarding prognosis, and navigating threats 
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to their sense of self [13]. For some women and 
men, fertility is linked to their ideas of femininity 
and masculinity [14].

23.3.1  Relationship Concerns

Infertility concerns are not experienced in a bub-
ble. Patients can be apprehensive about the impli-
cations of infertility for their current or future 
relational lives [15]. Patients may worry that fer-
tility concerns will cause potential partners to 
reject them. They also believe their inability to 
have children will make it impossible to establish 
a long-term relationship [16]. Patients report that 
infertility is a sensitive topic that can cause rela-
tionships to end [12, 17]. Patients report uncer-
tainty about when and how much to disclose to 
future or current partners and fear partners’ reac-
tions after disclosures are made [18]. Previously 
experienced rejection can deepen these concerns, 
postpone disclosure, and reinforce isolation [19]. 
Patients currently in romantic relationships 
express guilt about depriving their partner of the 
opportunity to have biological children and report 
disagreements with their partner regarding pref-
erences for adoptive versus biological parenthood 
[20]. The fear surrounding communication and 
the desire to appear “normal” can perpetuate 
silence, which can heighten distress and lead to 
relational breakdowns [12, 16]. Despite these 
complications, research demonstrates that the 
cancer experience can strengthen the importance 
of parenthood in patients’ lives [14].

23.3.2  Financial Burden

Many patients who want to become parents face 
another barrier that can exacerbate existing dis-
tress surrounding cancer and infertility: financial 
burden. Cancer patients often suffer from the 
adverse impact of disease and treatment-related 
costs, including direct costs such as medical bills, 
transportation expenses, and indirect costs like 
loss of salary and reduction in work. These hard-
ships have mental and emotional consequences, 
which can be magnified when one is faced with 
the challenges of pursuing parenthood [21]. 
Fertility preservation treatments are expensive 
and often not covered by insurance plans [16]. 
Adoption has also become increasingly expensive. 

Costs of domestic adoptions range from $5000 to 
$40,000 with international adoptions ranging 
from $15,000 to $30,000 [22]. It is important for 
clinicians to be aware of and communicate with 
patients about the availability of reduced prices, 
payment plans, and other forms of financial assis-
tance. Local and national resources are available 
through the Alliance for Fertility Preservation, 
National Adoption Foundation, and the 
Livestrong Foundation. However, patients may 
not qualify for assistance, or remaining costs may 
still be prohibitive [21]. Given these considerable 
constraints, many patients feel the goal of having 
biological children may be out of reach.

23.3.3  Sociodemographic Factors

It is important to note that sociodemographic fac-
tors also create disparities that can leave certain 
patients more vulnerable to psychosocial distress. 
Disparities associated with characteristics such as 
age, race/ethnicity, income, and education have 
been previously documented in oncology and fer-
tility care [23, 24]. Letourneau and colleagues 
found that female cancer patients without a bach-
elor’s degree or who were 35 years or older were 
less likely to be counseled about fertility preserva-
tion options [25]. Patients who do not understand 
how cancer and cancer treatments can impact 
fertility or are not given the opportunity to make 
the decision to protect their ability to become a 
parent may experience shock, anger, and hope-
lessness when they learn they no longer have a 
path to biological children [16].

23.3.4  Complexity of Fertility 
Preservation Options

Pursuing the goal of parenthood while simultane-
ously making difficult treatment decisions can 
be  extraordinarily challenging  – especially for 
women. For men, sperm cryopreservation (sperm 
banking) is the primary established nonexperi-
mental fertility preservation method. Women, 
however, must process complex information about 
a variety of fertility preservation options, ranging 
from assisted reproductive techniques such as 
oocyte and embryo freezing to ovarian tissue 
cryopreservation or hormonal suppression [26]. 
They must also weigh their desire for  
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biological children against the possibility of treat-
ment delays with resultant prognosis implications 
as well as the risks and undetermined outcomes of 
fertility preservation procedures [26]. Being 
forced to make these decisions in the midst of this 
uncertainty provokes anxiety and can amplify the 
devastation associated with cancer diagnosis and 
treatment [27]. Due to physiologic differences in 
gamete production between genders, the emo-
tional impact may be somewhat lessened for male 
cancer patients compared to females. For men, 
there is the hope that function may return. Many 
men will recover the ability to produce sperm 
within 1–3 years post treatment [21]. For women, 
recovery of reproductive potential is less likely 
[28]. This is especially problematic as up to 75% of 
female survivors report a desire for children [14]. 
So, while infertility causes distress for both sexes, 
it may be more prevalent in women due to the 
complicated decisions they must make, limited 
potential for return of fertility, and women’s emo-
tional investment in parenthood.

For cancer patients who wish to pursue paths to 
parenthood such as assisted reproductive technol-
ogy or adoption, psychosocial distress is often 
intertwined with concerns about fertility persever-
ation procedures and their impact on patients’ per-
sonal health and the health of potential offspring.

23.4  Distress About Fertility 
Preservation Procedures 
and Other Pathways 
to Parenthood

Several options exist for cancer patients who want 
to preserve their fertility. Embryo cryopreservation 
is a well-established procedure, resulting in cumu-
lative pregnancy rates of up to 50% depending on 
maternal age at the time of cryopreservation [29]. 
Oocyte vitrification is also an established option for 
women who are not currently in stable heterosex-
ual partnered relationships or do not want to utilize 
sperm donation [30]. Women can experience stress 
and confusion stemming from the invasiveness of 
these procedures, the attendant requirement to 
delay treatment, and uncertainty regarding the suc-
cess of these efforts [12]. It is a complicated deci-
sion-making progress for those who are candidates 
for assisted reproductive technologies. This is trou-
bling since decisional conflict is associated with 
greater emotional distress and regret [31]. While 

those women who have estrogen-sensitive tumors 
have historically been counseled against such pro-
cedures due to resultant elevation in estrogen levels, 
recent data indicate that these women can also 
safely undergo these procedures without a deleteri-
ous impact on prognosis [32]. Patients with a low 
egg reserve or certain hematologic malignancies, 
however, may not be candidates for assisted repro-
duction and may not be offered these well-estab-
lished options. This can be devastating news for 
women and couples who have a strong preference 
for biological parenthood.

An additional concern for patients who wish 
to use assisted reproductive technology is the 
social stigma still associated with fertility impair-
ment and perceptions of nontraditional family 
building [33]. Patients may feel uncomfortable 
talking openly about their fertility preservation 
efforts with friends and family. They also report 
the fear that others may view their desire to use 
technology to have a biological child as selfish 
when so many children are in need of a nurturing, 
supportive family [34]. Despite these challenges, 
some patients feel biological parenthood is their 
only option. Certain religious traditions bar the 
use of donor gametes. This creates a conundrum 
for distraught patients who feel they cannot honor 
their religious beliefs and their desire for children 
[14]. The path to parenthood for patients open to 
adoption is not without its own challenges. 
Patients may be concerned about discrimination 
from adoption agencies due to their cancer his-
tory. Some adoption agencies may require a letter 
from a physician confirming favorable prognosis 
before considering their application [22]. The 
cancer community’s growing emphasis on treat-
ing long-term sequelae of cancer may inadver-
tently be driving discriminatory adoption 
practices. This may perpetuate and magnify suf-
fering for patients who are already struggling with 
the life-altering consequences of cancer-related 
infertility. Public education and advocacy cam-
paigns are needed to correct prejudicial adoption 
practices based on patient health history [22].

23.4.1  Concerns About Implications 
for Personal Health

Cancer survivors who retain their fertility are less 
likely than their peers to become parents. The exact 
reasons for this are unknown, but the research  
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demonstrates survivors’ concerns about parenthood 
extend beyond biological fertility [35–37]. Cancer-
related threats to fertility are directly and indirectly 
associated with serious consequences for patients’ 
personal health and well-being. For women cancer 
patients, fears regarding premature menopause or 
pregnancy complications can interfere with sexual 
functioning and sexual health-related quality of life 
[38]. Women with cancer are often told to postpone 
attempts to become pregnant for 2 years post treat-
ment since this is the time period in which most can-
cer recurrences occur. Women may, however, 
interpret this as a sign that pregnancy and recurrence 
are linked [14]. A common myth among women is 
that the hormone fluctuation associated with preg-
nancy can trigger a cancer recurrence [20, 37]. 
Patients worry about the implications of having can-
cer for their general health and longevity. Many fear 
they will not live long enough to see potential chil-
dren grow up or may be hesitant to become a parent 
due to perceived long-term physical and psychologi-
cal consequences of having had cancer [16]. Financial 
burden can be intertwined with these concerns as 
patients may feel their health status will not allow 
them to provide adequately for future offspring [39].

23.4.2  Concerns About Future (or 
Current) Children’s Health

Even when patients believe it is possible to carry a 
baby to term, they can have concerns about the 
impact their cancer history or cancer treatments 
may have on future children’s health. Patients 
report the fear that past chemotherapy or radia-
tion may cause birth defects [37]. One of the 
strongest predictors of distress for patients with 
familial cancer is the fear that future offspring 
would be more susceptible to developing child-
hood or adult cancer. In these instances, patients 
experience guilt, believing it is selfish or immoral 
to have children at risk for cancer [18]. Patients’ 
perception of risk, their coping style, and their 
overall level of psychological distress influence the 
degree to which gene carrier status shapes child-
bearing decisions [14]. Women also report distress 
stemming from concerns about the well- being of 
future or current offspring. They may worry about 
the perceived emotional burden on the child of 
having a mother who is seriously ill. For women 
who already have children, they may be concerned 
that engaging in stressful and financially draining 

attempts to have additional children may nega-
tively impact their existing children’s lives [37]. 
There is evidence to suggest women are more con-
cerned than men about the risk to potential off-
spring; however, there is not enough evidence to 
definitively state how men’s concerns differ from 
women’s sources of distress [40].

23.5  The Need for Enhanced 
Patient- Provider 
Communication and 
Psychosocial Counseling

Patients report a desire for health care profession-
als to be proactive about fertility discussions [28]. 
Patients want information about the risks of infer-
tility and fertility preservation options [41]. 
However, all too often, cancer patients do not 
receive this information despite firm recommen-
dations regarding dispersion of this information 
from the American Society of Clinical Oncology. 
In one study, only 50% of patients were told about 
fertility risks and options by their cancer provid-
ers [12]. This may be partially due to a difference 
in perception. While patients view fertility as 
important, providers have ranked the importance 
of fertility concerns as low for their patients [42]. 
Previous research found that providers do not 
broach the topic of infertility issues unless the 
patient raises it [43]. This is an important discrep-
ancy to correct. Providers must appreciate that 
fertility issues are important to cancer patients 
and that “socially and emotionally, fertility can be 
about more than reproduction” [28]. For many, 
having biological children is a rite of passage that 
is central to identity and expectations for the 
future [44]. Failure to discuss the full biopsycho-
social implications of infertility can have negative 
long-term impact on patients’ quality of life. 
Unmet informational and support needs can lead 
to increases in decisional conflict, regret, and 
emotional distress [27]. Instead of assuming fer-
tility is not a concern for particular patients, the 
most ethical approach is to bring up the topic of 
fertility with every patient [12].

Several misperceptions are particularly 
important to address in these conversations. 
There is a great deal of misunderstanding about 
the risks of fertility preservation options. Helping 
patients arrive at an accurate understanding  
of the risks and potential outcomes of pursuing 
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parenthood after cancer is an important first step 
in preventing avoidable suffering. Fears about the 
implications of fertility preservation procedures 
for the health of the patient and his/her potential 
offspring need to be addressed [32]. Discussing 
issues surrounding romantic relationships and 
disclosure will provide an important source of 
support for patients who are struggling [18].

Providers who care for cancer patients should 
be prepared to deliver the latest information, offer 
referrals to clinicians with appropriate expertise, 
or coordinate therapeutic counseling and peer 
support [28]. Providers require support to effec-
tively deliver care to patients who are at risk for 
infertility. Educational interventions should be 
aimed at improving the knowledge of risks, fertil-
ity preservation options, and other resources 
available to patients [12]. One study showed that 
the presence of a psychologist during discussions 
about preservation procedures improved commu-
nication between providers and patients [45]. 
Oncology nurses could fulfill a vital role in identi-
fying patients at risk and facilitating the delivery 
of information and support [46]. One study sug-
gests that patients prefer nurses to initiate these 
kinds of conversations [47]. Comprehensive 
reproductive health counseling that addresses a 
variety of paths to parenthood is needed to assist 
patients in this uncertain time. Pretreatment fer-
tility counseling is associated with less regret and 
better quality of life after treatment [48]. However, 
fertility counseling alone may not be enough to 
support patients [49]. Additional methods of 
decision support are warranted. It is critical to cre-
ate resources for patients to support informed deci-
sions and to address psychosocial distress [18].

23.6  Summary

Women and men who are faced with cancer- 
related infertility experience significant distress 
related to romantic relationships, financial bur-
den, and complexity of fertility preservation 
options. Patients who belong to certain sociode-
mographic groups may suffer these concerns dis-
proportionately. Patients who wish to pursue 
parenthood report distress stemming from fertil-
ity preservation procedures and other paths  
to having a child. They may also experience  
concerns about the implications of fertility preser-

vation for their personal health and the health of 
their future or current children. There is a need to 
enhance timely patient-provider communication 
and psychosocial counseling for cancer patients.

 Review Questions and Answers

 ? Q1.  Individuals struggling with infertility suf-
fer from depression and psychological 
distress at twice the rate of the normal 
population.

(a) True
(b) False

 v A1. (a)

 ? Q2.  Women deciding to use assisted repro-
ductive technologies can experience 
stress and confusion stemming from:

 (a) The invasiveness of fertility 
preservation procedures

 (b) The potential requirement to delay 
treatment

 (c) Uncertainty regarding the success 
of fertility preservation procedures

 (d) a and b
 (e) All of the above

 v A2. (e)

 ? Q3.  Cancer patients experience the follow-
ing relationship concerns:

(a) Fear their inability to have children 
will make it impossible to establish 
a long-term relationship

(b) Uncertainty about when and how 
much to disclose to future or 
current partners.

(c) Guilt about depriving their partner 
of the opportunity to have 
biological children

(d) Disagreements with their partner 
regarding preferences for adoptive 
versus biological parenthood

(e) All of the above

 v A3. (e)
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 ? Q4.  One of the strongest predictors of dis-
tress for patients with familial cancer is:

(a) The fear that pregnancy will cause 
cancer recurrence

(b) The fear that efforts to preserve 
fertility will be unsuccessful

(c) The fear that future offspring would 
be more susceptible to developing 
childhood or adult cancer

(d) The fear that they will be 
stigmatized for their efforts to 
become pregnant after cancer 
treatment

(e) All of the above

 v A4. (c)

 ? Q5.  Unmet informational and support needs 
can lead to increases in patient:

(a) Decisional conflict, regret, and 
memory loss

(b) Regret, concerns about friendships, 
and memory loss

(c) Concerns about friendships, distress, 
and decisional conflict

(d) Emotional distress, regret, and 
decisional conflict

(e) Memory loss, concerns about 
friendships, and emotional distress

 v A5. (d)
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Key Points
 5 An organized approach to oncofertility 

consultations is essential.
 5 Much of oncofertility treatment is similar 

to more common infertility therapies.
 5 Recognize that psychosocial aspects play a 

huge role in oncofertility care.
 5 Providing excellent oncofertility care is 

achievable by anyone willing to spend 
time learning the process.

24.1   Introduction

Developing familiarity in fertility preservation 
(FP) can be difficult for the new Reproductive 
Endocrinology and Infertility (REI) practitioner, 
as exposure to FP care varies considerably among 
REI training programs. Accordingly, for some 
REI fellows or new graduates, managing women 
being referred for FP can seem complicated, over-
whelming, and stressful. The FP process at our 
institution is very robust, with a large proportion 
of women referred for consideration of FP being 
directly managed by the REI fellows and an expe-
rienced nurse practitioner, with supervision by 
attending REI staff. As a result, our REI fellows 
have the opportunity to manage complex FP 
patients throughout their training and have accu-
mulated real-world experience in this area.

The goal of this chapter is to provide ten 
“Pearls of Practice” to assist new practitioners in 
acquiring comfort and competence in FP.  After 
each pearl are clinical cases and a short descrip-
tion to further illustrate key points. We hope these 
tips help alleviate some of the anxiety about pro-
viding quality FP care to women in need.

But first, a few disclaimers. Much of the focus 
below is on more complex FP approaches such as 
oocyte or embryo cryopreservation procedures, 
but many of the pearls apply equally well to less 
complex FP modalities. We do not discuss FP for 
men, nor FP for non-oncology reasons (i.e., gender 
transitioning, oophorectomy for non- oncologic 
indications, or premature ovarian insufficiency 
(POI)). We also do not specifically address the 
unique concerns of pre-pubertal girls with cancer, 
although many components of these consultations 
may be similar.

Ongoing communication may seem like an 
obvious point, but one we believe needs emphasiz-
ing. If there are problems in communication 
between treatment teams, it makes organizing and 
proceeding with FP much more difficult than nec-
essary. Asking the referring team, prior to seeing 
the woman initially, for the most complete informa-
tion regarding diagnosis, probable treatment plan, 
and flexibility in timing of treatments allows the 
most efficient and effective FP consultation. On the 
other hand, waiting for the final oncologic treat-
ment plan can lead to delays in proceeding with 
FP. It is important to recognize that treatment plans 
will sometimes change and the REI team needs to 
respond with agility and flexibility in terms of the 
options and timing of FP. It is important to provide 
updates back to the referring team so that everyone 
is “in the loop.” A common misconception is the 
length of time required to perform some FP proce-
dures, and some oncologic care providers are con-
cerned that undergoing FP will delay the start of 
cancer treatment for an unacceptably long period, 
which is usually not the case. Furthermore, with 
good communication, both oncologic and REI 
team members develop more familiarity with each 
other’s processes, and future referrals naturally 
become more streamlined over time.

Pearl #1: - FP patients require close and ongoing 
communication between REI and oncology team 
members.

Case 1a: - Gwen is referred by her breast surgeon 
after lumpectomy for an invasive ductal carcinoma. 
She is waiting to see a medical oncologist to 
discuss whether chemotherapy is warranted. The 
medical oncologist has learned that Gwen has 
been seen by REI and desires FP; however, the 
medical oncologist is opposed to FP as she wants 
Gwen to start chemotherapy immediately.

Case 1b: - Sadia has a large pelvic mass and is 
referred for consideration of FP by her gynecologic 
oncologist. An oocyte retrieval is planned but 
shortly before this occurs, the gynecologic 
oncologist expresses concern that only oocytes 
from the unaffected ovary should be retrieved to 
avoid disrupting the mass.

Case 1c: - Ying has locally advanced breast cancer. 
She has been seen and referred by the medical 
oncologist. The plan is for neoadjuvant chemo-
therapy to begin in 7 days. It is not clear from the 
referral whether the chemotherapy start date is fixed 
or flexible in the event that she wants to pursue FP.
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As discussed in Pearl #1, it is important to 
remember that women considering FP have both 
medical and non-medical commitments. Asking 
about these and then coordinating with the 
woman and her other care providers can facilitate 
the best care. Women should not be forced to 
choose between FP and cancer investigations  – 
and this can almost always be avoided with good 
communication between treatment teams.

It is important to consider the timelines of 
various cancer treatments when discussing risks 
to fertility and how FP might ameliorate those 
risks. Decisions about when to do an FP cycle 

should be made jointly with the patient and oncol-
ogy team to minimize disruptions and maximize 
patient convenience. As well, hormonally respon-
sive cancers will often be treated for an extended 
period of time with hormonal suppression using 
selective estrogen receptor modulators (SERMs) 
or aromatase inhibitors [1, 2]. These extended 
duration therapies have negative consequences on 
fertility due to age-related fertility decline and the 
inability to carry a pregnancy while using these 
agents. This may necessitate the use of a gesta-
tional carrier or a “holiday” from hormonal sup-
pression with the support of the oncologist. The 
results of an international study assessing the 
safety of this approach are forthcoming [3].

A cancer diagnosis can often lead to a re- 
prioritization of life goals, and having children can 
suddenly become more important, even if this 
wasn’t a priority in the past. Similarly, if a woman 
is young or newly partnered, she may never have 
considered having children, nor be comfortable 
with the idea of doing so with her current partner. 
It is important to discuss short- and long-term fer-
tility goals with women to try to understand their 
priorities and motivations. It is helpful to provide 
options and alternatives to fertility preservation 
(see Pearl #7), and recognize that some women 
may choose to cryopreserve a combination of 
oocytes and embryos to provide additional options 
in the future. This may involve using either their 
current partner’s sperm (if applicable) or donor 
sperm. It can be an uncomfortable discussion to 
describe scenarios where the woman may no lon-
ger be in her current relationship in the future, but 
these possibilities are important to explore given 

Pearl #2: - FP patients have multiple care 
providers, and frequently tests, procedures, and 
appointments outside of the fertility clinic 
compete for their time.

Case 2a: - Rowena has breast cancer. She is still in 
the early days of completing investigations and 
planning cancer treatment. She is sure she wants 
to proceed with FP but is concerned that her 
numerous tests (PET scan, bone scan, CT scan, etc.) 
and specialist appointments (medical oncology, 
etc.) may interfere with the visits required for her 
FP cycle, including her oocyte retrieval.

Case 2b: - Gurpreet wants to undergo an IVF cycle 
for FP prior to starting her chemotherapy. She has 
also moved up her wedding date to before her 
chemotherapy begins. With good communication, 
both the FP and oncology teams can work to 
schedule all the needed tests and procedures and 
work around the very important personal schedule 
that Gurpreet has with her wedding.

Pearl #3: - FP patients often have complex 
timelines that need to be considered when 
planning management.

Case 3a: - Raihana has been diagnosed with breast 
cancer. She is being seen for FP before she has 
been scheduled for surgery. She asks whether it is 
best to have an oocyte retrieval prior to her breast 
surgery or between her surgery and the start of her 
chemotherapy.

Case 3b: - Maria is 36 years old and was recently 
diagnosed with an estrogen receptor-positive 
breast cancer. She knows she will be prescribed 
hormonal suppression for many years after 
completing her chemotherapy. She worries this 
will compromise her future fertility.

Pearl #4: - FP patients need to consider their 
short- and long-term reproductive goals.

Case 4a: - Daphne is a 22-year-old woman 
diagnosed with non-Hodgkin lymphoma. She has 
been with her current boyfriend for only 2 months. 
Daphne has not previously considered whether or 
not she wanted children nor is she sure that she 
wants to have children with her current partner.

Case 4b: - Siobhan is a married 39-year-old woman 
who previously had not wanted children. Now with 
a new cancer diagnosis, she is facing the definitive 
loss of fertility and this is challenging her prior 
decision to not have children.
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the finality of creating embryos with another per-
son prior to potentially sterilizing treatment. 
Although current statistics suggest that vitrified 
oocytes yield fewer blastocysts than fresh oocytes, 
and therefore cryopreserving embryos may be 
associated with superior longer- term success rates, 
ongoing improvements in oocyte cryopreserva-
tion may make this approach unnecessary in the 
future. In many cases, women considering the use 
of donor sperm can benefit from referral to a fer-
tility counsellor for additional decisional support 
regarding third-party reproduction, assuming this 
can be arranged in a timely fashion.

It is imperative that FP clinicians understand 
the limitations and risks of the treatments they are 
proposing. Generally, if a woman is acutely 
unwell, her ability to tolerate a delay in oncologic 
treatment while waiting for 2 weeks to complete 
an ovarian stimulation cycle and oocyte retrieval 
will be poor. In such situations, the FP clinician 
will need to ensure the oncologist has explained 
to the woman that delaying her cancer treatments 

to undergo fertility preservation may be extremely 
risky. The logistics and technical aspects of per-
forming oocyte retrieval and the related risks are 
also essential to consider. As with any other infer-
tility patient, some women with cancer have med-
ical co-morbidities that make ovarian stimulation 
or oocyte retrieval potentially dangerous. 
Although some women who are determined to 
proceed with fertility preservation are willing to 
undergo significant risk to achieve this, it must be 
balanced by clinicians’ good judgement to ensure 
that patients are not placed at undue risk. Some-
times a frank, but honest, statement such as, “We 
cannot put your health at risk to preserve oocytes/
embryos. In the event that you are not able to con-
ceive with your own eggs in the future, alternative 
options are available such as donor oocytes”. This 
may help to clarify the larger picture regarding the 
risk of undergoing FP and why this may not be an 
option for them.

The uncertainty around the effects of cancer 
and its treatment on a woman’s fertility can lead to 
difficult decision-making on how to proceed. In 
some cases it is unclear exactly how much damage 
to a women’s fertility will result, as the diagnosis 
itself may not be clear. In other cases where the 
diagnosis is known, the initially planned treatment 
may have a reassuring fertility prognosis, but if the 
first-line treatment fails, second-line therapies 
may be more detrimental, and the timeframe to 
start these may be very short, potentially preclud-
ing FP at that point. This can make counselling 

Pearl #5: - FP patients may have medical 
comorbidities that prohibit FP treatment.

Case 5a: - Vidhi is a 25-year-old woman with acute 
lymphocytic leukemia (ALL). She is currently 
admitted to the hospital with SVC syndrome and 
shortness of breath. Her oncologists have asked for 
an FP consultation but indicate on the referral that 
Vidhi needs to start chemotherapy immediately.

Case 5b: - Sophie is a 36-year-old nulligravida 
referred for consideration of FP for right-sided 
invasive breast cancer. She has had a bilateral 
mastectomy and is awaiting adjuvant chemo-
therapy. At Sophie’s FP consultation she tells you 
that she has lung metastases which make her 
severely short of breath when supine. She is being 
seen in a center that performs their oocyte 
retrievals under procedural sedation in an 
out-of-hospital setting where they cannot perform 
procedures on women who are at elevated risk of 
airway obstruction or respiratory compromise.

Case 5c: - Inez is 35 years old and was recently 
diagnosed with endometrial cancer. She was 
referred for FP. The FP team assesses Inez and 
although she is otherwise healthy, her BMI is 51. 
She is being seen in a center that performs their 
oocyte retrievals under procedural sedation in an 
out-of-hospital setting where they cannot perform 
procedures on women above a certain BMI due to 
respiratory depression risk.

Pearl #6: - FP patients may have a difficult time 
making decisions about FP treatment given 
uncertainty around cancer treatment, prognosis 
and likelihood of sterilization.

Case 6a: - Anjali is 33 years old and has a large 
pelvic mass. The diagnosis is not yet known, but a 
malignancy is strongly suspected. She has 
consented to surgery with many possible 
procedures planned, dependent upon what is 
found at the time of the surgery. She could have no 
reproductive organs removed, or could lose one or 
both ovaries and/or her uterus. At this point, no 
one can provide her with a definitive answer.

Case 6b: - Momoe has recently been diagnosed 
with Hodgkin’s lymphoma. Her oncologist has 
planned a chemotherapy regimen of ABVD. Momoe 
is uncertain whether she should proceed with FP.
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women in these scenarios challenging. Providing 
information that conveys potential consequences 
of either proceeding with FP or not may assist 
women with decision-making and reduce future 
regret. Women are relying on their FP clinicians to 
provide information from different viewpoints to 
help them make as well- informed decisions as 
possible.

Many women will either choose to forego FP 
or be unable to have FP due to timing or medical 
indications. It is often very helpful, therefore, to 
remind women of what options they may have in 
the future, even if FP is not done. For example, 
many women will still have some ovarian func-
tion after chemotherapy, and they may retain 
some ability to conceive, although they may have 
lower cycle fecundity than age-matched controls. 
Similarly, assessing baseline ovarian reserve 
before and after cancer treatment can provide 
some measure to women as to how significantly 
their fertility has been compromised. This can be 
useful for counselling around how soon to pro-
ceed with conception attempts and via which 
methods (i.e., unassisted vs. assisted reproductive 
technologies [ART]). Moreover, it is imperative 
that all options for family building be discussed at 
the initial FP visit. This includes oocyte donation, 
gestational carriage, adoption, and child-free liv-
ing. For some same-sex female couples, the other 
female partner may decide to conceive instead, 
providing an alternate method of having a family. 

It is important to ensure that women understand 
that not proceeding with FP does not preclude 
their ability to have a family but rather that their 
path to achieve a family may or may not be as they 
originally envisioned.

There is considerable worry amongst women 
with hormone-sensitive cancers about the effects 
of hormonal treatments for FP and future preg-
nancy with respect to their cancer prognosis. 
Similarly, women may worry that delaying cancer 
treatment to undergo FP will worsen their cancer 
prognosis. It is helpful to inform women that con-
trolled ovarian stimulation (COS) causes tempo-
rary supraphysiologic hormone levels and to 
describe the possible effects this may have on 
hormone-responsive cancers (which are very 
minimal, if any) [4, 5]. Even more important is to 
discuss how aromatase inhibitors such as letro-
zole can be used in conjunction with COS to 
minimize any theoretic risks [6]. One such proto-
col is for women to use oral letrozole 5 mg daily 
from the start of COS continuing until 2  weeks 
after oocyte retrieval [7]. With respect to the 
safety of pregnancy after cancer, current available 
research suggests that pregnancy after cancer 
does not cause or increase the risk of recurrence, 
even after breast cancer [8]. It is also important to 
counsel patients that rates of congenital anoma-
lies are no higher in children born to those who 
have previously undergone potentially mutagenic 
cancer treatment [9].

Pearl #7: - FP patients should know that even if 
they choose not to undergo FP treatment before 
cancer treatment, they have other options for 
family building and/or follow up care.

Case 7a: - Talia is a 34-year-old BRCA1 carrier who 
had a bilateral mastectomy and chemotherapy for 
an invasive left breast cancer 2 years ago. She 
decided against FP prior to her treatment but did 
check her anti-mullerian hormone (AMH) level 
pretreatment. She is returning now for an 
assessment of her ovarian reserve and to discuss 
her options for conceiving.

Case 7b: - Raven is 23 years old who recently 
completed successful treatment for leukemia, which 
included chemotherapy, total body irradiation, and 
a stem cell transplant. She was too ill prior to her 
cancer treatment to undergo FP. She is coming to 
discuss her future options for family building.

Pearl #8: - FP patients want information about 
how FP treatment and timing may or may not 
impact their cancer prognosis.

Case 8a: - Tasha is a 32-year-old woman diagnosed 
with an estrogen receptor/progesterone receptor 
(ER/PR)-positive breast cancer. After discussing the 
option of controlled ovarian stimulation and 
oocyte retrieval, Tasha expresses significant 
concern about the use of hormones given her 
receptor status. She is also very nervous about a 
future pregnancy and fears it might increase her 
risk of cancer recurrence.

Case 8b: - Noel has been diagnosed with non-
Hodgkin lymphoma. Her oncologist has indicated 
that a wait of 3 weeks for a FP cycle before starting 
treatments is reasonable. Noel is conflicted and 
worries that this delay may make her cancer 
treatment ineffective and increase her risk of death.

Oncofertility Consults in the REI Setting
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Some young women may not have thought 
about having children. However, family members, 
especially parents, who may have a strong interest 
in grandchildren, or who simply believe that desire 
for children may come at a later age, can some-
times appear to pressure their relative into having 
FP.  In other cases, there may be cultural or reli-
gious expectations of what it means to be a woman, 
a wife, or a mother, and failing to meet these expec-
tations can have significant social harm to a woman 
or her family. Recognize that motivations to 
undergo FP are diverse, some of which may not be 
apparent to you as the clinician at the outset. Fre-
quently women will not disclose if they are feeling 
pressure from others to undergo FP, and although 
it might be helpful to ask these questions, this can 
lead to challenges in the therapeutic relationship 
between the clinician and the woman and/or her 
family. It is essential that women not feel forced 
into doing FP by their care providers; rather, it is 
our role to provide information to allow women to 
make informed choices about their care.

The absolute costs associated with various forms 
of FP are often significant but will vary among 
regions and countries. Some regions provide cover-
age for fertility preservation, while others have 
mandates for insurance coverage of these treat-
ments. In other areas, no coverage exists. Many 
countries have other non-governmental/insurance 
organizations which may provide financial com-
pensation to women undergoing FP or can provide 
no or low-cost medications. It is disheartening as a 
care provider to have women who may be excellent 
candidates for FP but who are unable to undergo FP 
due to financial limitations. Therefore, it is impera-
tive that clinicians offering FP be knowledgeable 
about local resources available to their patients.

24.2   Conclusion

Above we have highlighted some key things to 
remember as a new FP clinician, with specific 
examples from our past experiences. These issues 
are the most complicated part of providing FP care, 
as they are often more complex and challenging 
than what is encountered with infertility patients. 
However, proceeding with a cycle of oocyte or 
embryo cryopreservation for an FP patient is very 
similar to any other infertility treatment cycle. We 
strongly feel that with a little practice and prepara-
tion, every clinician can provide excellent FP care 
and should not shy away from offering this very 
important option to women in need.

 Review Questions and Answers

 ? Q1.  What reproductive goals need to be 
considered when discussing fertility 
preservation?

 v A1. Both short- and long-term goals.

 ? Q2.  Name some scenarios where fertility 
preservation may not be possible.

 v A2.  Woman is too ill, cannot tolerate the 
sedation or logistics of an oocyte 
retrieval, or risk of performing on oocyte 
retrieval is too high.

 ? Q3.  Name some options for family building 
if women do not undergo fertility 
preservation.

Pearl #9: - FP patients have unique psychosocial 
issues beyond those seen in patients who are 
actively trying to conceive.

Case 9a: - Omotola is 19 years old and considering 
FP in the setting of a recent diagnosis of cervical 
cancer. Her prognosis is relatively poor. Her parents 
attend the FP consultation with her. They are 
strongly encouraging Omotola to have FP, but she 
does not seem as enthusiastic.

Case 9b: - Barika is 24 years old, has bilateral 
ovarian cancer, and was recently married. She feels 
significant pressure from her community to be 
fertile and have a large family. She worries that FP 
may not be possible given her tumors. She is also 
worried that if she cannot do FP and cannot have 
children in the future, her husband will leave her. 
Donor oocytes and adoption are not readily 
accepted in her culture, so these are not an option 
for her. She is desperate to have FP done.

Pearl #10: - FP patients may benefit from financial 
assistance programs available in your area.

Case 10: - Svetlana is a new immigrant and has 
been diagnosed with breast cancer. She has seen 
you for consideration of FP, and wishes to proceed, 
but mentions how she and her husband are not 
working at the moment and that they cannot 
afford to pay for FP at this time. She asks if there 
are any organizations that might provide financial 
assistance to them.
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 v A3.  Normal conception, ART with 
autologous oocytes, use of donor 
oocytes, adoption, gestational carrier (if 
applicable).

 ? Q4.  Are financial resources available to assist 
women with fertility preservation?

 v A4.  Yes, but these vary by region. It is 
important to be familiar with the local 
resources available.
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25.1   Introduction

Talking with teens about reproductive health 
issues can be awkward and uncomfortable. 
Talking with families about a cancer diagnosis, 
treatment, and prognosis can be devastating and 
traumatic. Talking about reproductive health and 
a cancer diagnosis at the same time, with teens 
and their parents, confounds these overwhelming 
emotions.

25.2   Why Is There a Communication 
Gap in Oncofertility?

When parents learn their child has cancer, or 
when a patient hears the word “cancer,” often 
nothing else is heard after that point. It is com-
mon for the parents and/or patient to forget much 
of what was told to them during the initial con-
versation in which the cancer diagnosis was dis-
closed. Additionally, the shock and devastation of 
the diagnosis may put parents and the patient in 
an emotional state where they are incapable of 
making a decision or choosing a treatment regi-
men [1, 2]. Often parents look to health-care pro-
viders to make important decisions for them or to 
guide them toward information that will aid in 
decision-making.

Unfortunately, there are decisions that need to 
be made around the time of diagnosis and prior to 
treatment that can impact the future health- 
related quality of life (HRQOL) for the teen cancer 
patient. Loss of fertility is an expected long term 
sequela of many cancer chemotherapy and radia-
tion treatments. The exact odds of temporary or 
permanent infertility for teens are unknown and 
depend on the age of the patient, the cancer type 

and stage, and the treatment type and duration [3, 
4]. Several national organizations, including the 
American Society of Clinical Oncology [4], the 
American Society for Reproductive Medicine [5], 
and the American Academy of Pediatrics [6], 
advise clinicians to discuss fertility issues with all 
cancer patients of childbearing age and refer inter-
ested patients to a reproductive endocrinologist 
(REI) or infertility specialist prior to their first 
cancer-related treatment. Discussing fertility and 
preservation of fertility (e.g., banking of sperm, 
oocytes, embryos, or gonadal tissue) prior to the 
first cancer-related treatment provides the best 
opportunity and the most options for ensuring 
biological children in the future. However, even 
among those cancer patients who choose to pur-
sue fertility preservation prior to treatment, hav-
ing a biological child in the future is never 
guaranteed.

Several studies of adult survivors of childhood 
cancer show that fertility is their most prevalent 
concern, resulting in not only a physical late effect 
but a psychological late effect [7, 8]. The fertility 
status of survivors is not well known [3, 9], and 
some studies indicate that survivors may be 
unaware they may have impaired fertility because 
of their cancer treatment [10, 11]. Other research 
reports that some survivors believed they were per-
manently sterile and then unintentionally became 
pregnant or impregnated their partner [12–14].

Poor communication on the topic of fertility 
and reproductive health at the time of a cancer 
diagnosis is understandable for a multitude of 
reasons. First, the priority for all involved is treat-
ing the cancer, and so it is possible that discus-
sions about reproductive health and fertility 
simply do not occur during this crisis. Second, 
adolescent patients and family members may 
“shut down” after receiving a cancer diagnosis and 
may not absorb subsequent information about 
treatment options, schedules, and expectations, 
let alone information on future reproductive 
capacity. Third, oncology health-care providers 
may not feel comfortable discussing reproductive 
health issues with teen cancer patients, especially 
younger-aged teens and teens whose parents are 
present in the room with them. Compounding 
their own personal discomfort, these providers 
may not have training in communicating about 
reproductive health with adolescent patients who 
are still treated in a pediatric setting and may not 
feel comfortable discussing an issue outside their 

Key Points
 5 Fertility is a key quality of life issues for 

AYA with cancer.
 5 Communicating about fertility and 

preservation options improves patient’s 
future quality of life.

 5 Oncology providers may be uncomfort-
able discussing fertility and reproductive 
health with AYA.

 5 Parents and teens often disagree about 
fertility issues.
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area of expertise. Fourth, there may not be an 
institutional infrastructure, system, or process in 
place to support referrals to a local REI, and in 
some cases, no such specialist may exist within 
the oncology health-care system or even the state 
[15, 16]. Finally, physicians may attempt to dis-
cuss reproductive health issues with the patient 
and/or parents, and one or both parties may 
decline the information, believing it is not impor-
tant at a time when treating the cancer is their 
only priority.

There are resources in place to assist health- care 
providers with communication [7 myoncofertility. 
org; 7 fertilityscout. org 7 livestrong. org] and devel-
oping a referral system within their health-care 
institution [17, 18]. Despite these resources, little is 
known about the best way for oncology health-care 
providers to provide information to families and 
patients that facilitates information sharing and the 
decision-making process. While education materi-
als are usually recommended to improve health lit-
eracy and patient understanding of a health-care 
issue, recent studies suggest that in the area of 
reproductive health, these materials are often not 
distributed [19–21]. Designing tailored educational 
materials that match the information needs of the 
population and the protocols and guidelines of the 
institution regarding fertility and referrals is espe-
cially recommended [22–25].

It is important to note that distributing edu-
cational materials alone is usually insufficient to 
guide parents and patients on the path of 
informed decision-making about future fertility 
and options for fertility preservation/banking. 
The reality is that some adolescent patients may 
not fully understand basic human reproduction 
or may not have thought about their future 
 parenting goals. Additionally, parents may not 
have had the opportunity or desire to discuss 
reproductive health issues or their children’s 
desires for parenthood, particularly with 
younger children.

25.3   What Is Important to Young 
Cancer Patients and Their 
Families?

While several recent studies have systematically 
assessed the reproductive concerns and prefer-
ences of adolescent and young adult (AYA) cancer 
patients, only a handful have focused exclusively 

on the teen population [26–30]. Females have 
been studied more often than males, and adoles-
cents in particular are an important understudied 
group as they represent the majority of childhood 
cancer patients [31]. Despite the prevalence of 
more studies on females with cancer, a recent sys-
tematic review noted male patients were more 
likely to receive information about sexual health/
infertility than females [32].

HRQOL assessment tools are commonly used 
in the adolescent cancer population to measure 
physical, psychological, social, and cognitive 
domains that can predict and track outcomes in 
clinical trials, as well as highlight the need for a 
variety of health-care services [33]. HRQOL tools 
can also be used for research and evaluation pur-
poses. Though HRQOL assessments are intended 
to be completed by the patients themselves, there 
are settings, particularly in child and adolescent 
populations, in which patients cannot complete 
them due to illness, age, cognitive impairments, 
or extreme fatigue [34]. In these cases, parents 
may serve as the proxy patient; however, parent 
reports of their child’s HRQOL should be noted as 
a secondary outcome and not identified as the 
patient’s own words due to the incongruence of 
many parent-proxy reports [33, 35, 36]. Other 
studies and practice settings have even used 
assessment tools with adolescent populations that 
are designed for and by adults, further limiting 
the accuracy of the results [37, 38].

Using parents as proxy reporters in HRQOL 
assessments and discussions about their child’s 
fertility concerns may lead to an ineffective use of 
resources, as health-care workers attempt to meet 
the needs of both the parent and adolescent. It 
was once thought that parents should be the only 
reporters of their children’s HRQOL [39], but 
now adolescents’ unique health perceptions are 
being recognized as important [35, 40].

Current HRQOL instruments for both adult 
and adolescent cancer patients lack comprehen-
sive assessments of reproductive concerns. 
 Wenzel developed a stand-alone 14-item 
Reproductive Concerns Scale (RCS) in 2005 to 
assess a variety of reproductive concerns of adult 
female cancer survivors [41]. The RCS was vali-
dated using adult female healthy controls with a 
high internal consistency among survivors 
(Cronbach’s alpha coefficient   =   0.91) [41]. No 
parallel measure currently exists for adolescent 
oncology patients.
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25.4   How Can We Improve 
Communication About 
Oncofertility?

A systematic review by Trevena et al. on commu-
nicating with patients about evidence suggests 
that communication tools that are interactive 
increase patient understanding [42]. Recent stud-
ies have examined decision aids for oncofertility. 
One study examined a self-help web-based inter-
vention to alleviate fertility-related distress. 
Results showed feasibility in decreasing fertility- 
related distress among men and women aged 
19–43 [43]. Another US-based group designed a 
website-based decision aid for young women with 
cancer. Stakeholder assessment showed the deci-
sion aid improved knowledge and was regarded 
favorably [44]. An additional component of the 
website was an interactive values clarification 
exercise.

Improved understanding of communication 
needs and tailored intervention is the use of val-
ues clarification exercises. These exercises can be 
particularly relevant for patients if the evidence to 
be assessed or the uptake of a service requires 
individual decision-making. A values clarification 
exercise or values clarification tool (VCT) is often 
used in environments in which a common shared 
vision or purpose is required, the goal of which 
may be to develop the common vision, define 
roles, or develop long-range plans. Similarly, a 
values clarification exercise can aid patients and 
family members to define values and beliefs, espe-
cially those that influence behavior. This clarifica-
tion can lead to decisions that are reflective of 
beliefs and goals, rather than hypothetical situa-
tions or spontaneous thoughts, which are often 
elicited in stressful or fearful situations [45–48]. 
Dismantling barriers to decision-making and 
identifying gaps between what a patient believes 
or values and the behaviors that are actually 
exhibited are a key component of resolving deci-
sional conflict [49]. While not a decision aid, a 
values clarification tool is a precursor or priming 
tool for future decision-making.

VCTs can also be used with parents and part-
ners of AYA with cancer. In these cases it is impor-
tant to examine the impact the tool had on the 
decision-making process and the perception of the 
user regarding the quality of the decision. Studies 
of oncofertility-related decision-making have, 
importantly, evaluated the decision process; two 

recent studies suggest negative emotions of the 
patient and lack of provider support for decision 
have an adverse effect of decision quality [30, 50].

Based on our pilot study findings, we believe 
the best use of the RCS-Teen HRQOL instrument 
is as a VCT, administered to adolescent teens and 
parents under the guidance of a social worker, 
nurse, psychologist, or child life specialist 
(. Fig. 25.1). VCTs have specific advantages over 
HRQOL assessments. HRQOL instruments mea-
sure the responder’s perceptions by utilizing a 
norm-based scoring method, such as comparing 
the respondent’s scores of fatigue or pain to the 
average person in order to determine the “nor-
malcy” of the patient’s issues. It would not be in 
the adolescent oncology patients’ best interest to 
score their concerns about fertility against the 
general population because adolescent oncology 
patients have unique concerns that the general 
population does not, and there is currently no 
data on healthy adolescents’ concerns about fertil-
ity and reproduction to be used for comparison.

VCTs have a dual purpose in benefiting both 
the adolescent and administrator, whether that 
person is a researcher, social worker, or psycholo-
gist. The open-ended statements of the VCT 
encourage the patient/parent and administrator 
to begin a dialogue so that the patient/parent may 
process the idea of having children first and then 
consider their feelings about possibly not being 
able to have children in the future. This allows the 
administrator to accurately assess the patient’s 
concerns and develop approaches to educate the 
patient on her risk as well as risk-reducing 
options. Our experience with the RCS-Teen 
showed that a teen’s initial reaction to the first few 
statements was not consistent with their reaction 
to later statements. For example, with item 3, “I 
would like to have a baby one day,” the majority of 
the teens said “I guess so” or “Maybe, it’s not a big 
deal.” However, by the time the interviewer read 
the items talking about blame, their responses 
became less ambiguous, and as they began to pro-
cess the idea of first wanting children and then 
thinking about not being able to have them, their 
responses were emotional and led to more con-
crete statements such as “I’ve wanted to be a 
mother my whole life” or “I might not be able to 
find a husband if I can’t have kids.” This delay in 
providing clear statements may be due to many 
factors, including difficulty thinking about the 
future, fear of having “one more thing wrong” that 
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needs to be addressed, disinterest in the topic, or 
the inability to immediately process the idea that 
goals for the future, which may be 10 or 20 years 
ahead and may be impacted by decisions they 
make at the present time. The order of the items in 
the RCS-Teen is also important to minimize dis-
tress and reduce risk of psychological harm to the 
teen. Coping strategies, resiliency, and familial 
support may not be known at the time of test 
administration. Allowing patients to process the 
concepts of infertility, their own values, and their 
own desire for control through a safe and private 
discussion can empower the adolescent to take an 
active role in achieving future goals related to bio-
logical children.

25.5   Conclusions

Adolescents, whether diagnosed with cancer or 
healthy, have clear expectations for biological par-
enthood in the future. However, barriers to dis-
cussions and lack of comprehensive assessment 

tools too often prevent these expectations from 
being realized, expressed, or taken seriously. 
Discussions regarding adolescents’ values and 
goals for parenting in the future should be encour-
aged with patients and their parents prior to 
beginning cancer treatment. The VCT can be a 
particularly useful tool in the clinical setting to 
begin this dialogue.
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 Review Questions and Answers

 ? Q1.  There are no tools available to help AYA 
make fertility decisions. True or False?

 v A1. False

 ? Q2.  Most oncology providers are well trained 
in AYA reproductive health. True or False?

Adolescent fertility values
clarification tool

For adolescent females
12–18 years old

Practitioner’s manual

       . Fig. 25.1 Adolescent 
fertility values clarification 
tool
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 v A2. False

 ? Q3.  The reproductive concerns scale was 
designed for male teens. True or False?

 v A3. False

 ? Q4.  AYA patients often “shut down” after 
receiving a cancer diagnosis. True or False?

 v A4. True
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26.1  Introduction

When an adolescent or young adult (AYA) patient 
is facing cancer treatment, potential loss of fertil-
ity may not be the first thing on his or her mind. 
Patients often describe their immediate concern is 
“getting rid of the cancer” or wondering if they 
will survive. While these concerns are normal, 
addressing fertility preservation prior to the ini-
tiation of cancer treatment provides the most 
optimal options and opportunity for success. The 
majority of female AYA patients, based on recent 
literature, choose not to take steps to preserve fer-
tility, but overwhelmingly appreciate being 
informed about potential loss of fertility [1]. The 
reasons for not using fertility preservation among 
females include financial costs, lack of a male 
partner, unwillingness to use donor sperm, and 
the perception of an inability to delay treatment 
[2, 3]. About 50% of AYA males chose to bank 
sperm prior to cancer treatment, and those who 
do not often report feelings of regret and remorse 
[4]. Males also report appreciation for the infor-
mation, yet are more likely to recall they had not 
thought about and/or were embarrassed to dis-
cuss sperm banking and future children with their 
parents or healthcare professional.

How does a cancer patient make a decision 
about whether or not to pursue fertility preserva-
tion? The risk of potential fertility loss should be 
conveyed to patients by oncologists early in treat-
ment planning, as suggested by the American 
Society for Clinical Oncology (ASCO). When the 
oncologist is uncertain about the threat to fertility 
or what options may be available to the patient, 
ASCO also recommends that a referral be made 
to a reproductive endocrinologist or infertility 

specialist. However, receiving the medical infor-
mation regarding potential fertility loss is just one 
component of the decision-making process. 
Decisions about fertility preservation may be 
considered to have three components: risk 
appraisal, information integration, and long-term 
consideration.

In one component, the patient must appraise 
and comprehend the amount of risk associated 
with pursuing fertility preservation options. 
These risks may be cancer-related, such as the 
effect of treatment delay on cancer outcomes, as 
well as risks associated with the fertility preserva-
tion options themselves. The risk may also be 
psychological: how will the patient feel if she 
becomes infertile and did not take steps to pre-
serve her fertility? It is also possible that for newer 
and more experimental options, patients may 
have to contend with an unknown likelihood of 
success. Based on this appraisal, the patient must 
decide if these risks and uncertain benefits are 
acceptable. To make these decisions, the patient 
must also consider present and future desire for a 
biological child. Added to this is the consider-
ation of the patients’ perception of mortality in 
light of the diagnosis and whether a limited life 
span has an impact on decisions about having a 
biological child. However, people tend to be poor 
forecasters of what they will want in the future 
[5]; this is especially true of teens and adoles-
cents. A second component, which may occur 
concomitant with other decision-making pro-
cesses, involves assessing information about the 
fertility preservation options, the medical proce-
dures, the costs for the procedure and storage, the 
patient’s current relationship status, health status, 
and religious, ethical, or moral concerns about 
these options. Steps one and two may not happen 
in a linear fashion and a patient may move back 
and forth between these components in the deci-
sion-making process.

The third component is one which is often not 
considered until years later, but we suggest it 
should be considered at the same time as the other 
two components. This component relates to 
retrieving the stored sperm, embryo, oocytes, or 
tissue. How will the patient feel about using 
assisted reproductive technology (ART) to become 
a parent? When will a patient be assessed for 
return of fertility post-treatment? If the patient 
regains fertility, will he or she continue to store 
gametes or embryos? How will long-term storage 

Key Points
 5 Adolescent and Young Adult (AYA) 

patients may not focus on late effects.
 5 AYA patients may need priming for 

decision- making about fertility and 
presentation at diagnosis.

 5 There are typically three components to 
decision-making: risk appraisal, information 
integration, and long-term consideration.

 5 AYA decision-making may be facilitated by 
value clarification tools and decision aids.
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be financed? For men this may mean their female 
partner becomes the patient when stored sperm 
requires the use of ART for insemination. For 
women this may mean decisions about how long 
to store embryos, what to do with unused oocytes, 
or asking a partner to parent a child born from 
donor sperm or eggs. Thinking about these issues 
at the time of making fertility preservation deci-
sions can be seen as analogous to the need to begin 
survivorship planning at the time of diagnosis.

The issues for decision-making in fertility 
preservation among cancer patients are complex 
and intricate. Unfortunately, tools and decision 
aids to support patients in this process are limited. 
Decision support tools and decision-making 
strategies may be useful for the healthcare profes-
sional or researcher working with AYA cancer 
patients.

The criteria for what constitutes a patient deci-
sion aid are quite specific. According to the 
International Patient Decision Aid Standards 
(IPDAS) Collaboration, a decision aid prepares a 
patient for decision-making by doing three things: 
(1) providing facts about the patient’s condition, 

options, and features; (2) helping people to clari-
fying their values (the features that matter most to 
them); and (3) helping people share their values 
with their healthcare practitioner and others. The 
IPDAS has developed a set of criteria to deter-
mine the quality of patient decision aids. A “users’ 
checklist” summarizes the standards that deter-
mine whether or not a decision aid is a source of 
reliable health information that can help in 
decision- making [6]. The values clarification pro-
cess may be particularly important with respect to 
fertility preservation, as there may be uncertainty 
surrounding disease outcome and survival as well 
as uncertainty about the success of fertility pres-
ervation techniques themselves (. Fig. 26.1).

While the IPDAS provides recommended cri-
teria for patient decision aids, the Ottawa 
Decision Support Framework (ODSF) offers a 
three-step process for a strategy to address the 
conflict experienced by patient in the medical 
decision-making process. Using concepts and 
theories from general psychology, social psychol-
ogy, decision analysis, decisional conflict, values, 
social support, and self-efficacy, the ODSF is an 

IPDAS patient decision aid checklist for users

I. Content: Does the patient decision aid ...

Provide information about options in sufficient detail for decision making?

Present probabilities of outcomes in an unbiased and understandable way?

include methods for clarifying and expressing patients’ values?

include structured guidance in deliberation and communication?

describe the health condition 2.1
list the options 2.2
list the options of doing nothing 2.3
describe the natural course without options 2.4
describe procedures 2.5
describe positive features [benefits] 2.6
describe negative features of options
[harms / side effects / disadvantages] 2.7
include chances of positive / negative outcomes 2.8

Additional items for tests
describe what test is designed to measure 2.9
include chances of true positive, true negative, false
positive, false negative test results 2.10
describe possible next steps based on test result 2.11
include chances the disease is found with / without
screening 2.12
describe detection / treatment that would never have
caused problems if one was not screened 2.13

use event rates specifying the population and time
period 3.1
compare outcome probabilities using the same
denominator, time period, scale 3.2, 3.3, 3.6
describe uncertainty around probabilities 3.4
use visual diagrams 3.5
use multiple methods to view probabilities [words,
numbers diagrams] 3.7

allows the patient to select a way of  viewing
probabilities [words, numbers, diagrams] 3.8
allow patient to view probabilities based on their own
situation [e.g. age] 3.9
place probabilities in context of other events 3.10
use both positive and negative frames [e.g. showing
both survival and death rates] 3.13

describe the procedures and outcomes to help
patients imagine what it is like to experience their
physical, emotional, social effects 4.1

ask patients to consider which positive and negative
features matter most 4.2
suggest ways for patients to share what matters
most with others 4.3

provide steps to make a decision 6.1
suggest ways to talk about the decision with a health
professional 6.2

include tools [worksheet, question list] to discuss
options with others 6.3

       . Fig. 26.1 IPDAS patient decision aid checklist. (Permission from Anton Saarimaki, OHRI)
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evidence-based theory for guiding patients in 
making health decisions [7, 8]. The three-step 
process assesses patient and practitioner deter-
minants of decisions to identify decision support 
needs; provides decision support tailored to 
patient needs; and evaluates the decision-making 
process and outcomes (. Fig. 26.2).

While IPDAS and ODSF provide structure for 
the design and development of patient decision 
aids and decision support strategies, Learner 
Verification (LV) is a framework that helps ensure 
the materials developed (e.g., decision aids, deci-
sion support strategies) are suitable for the 
intended audience and better matched to patients’ 
learning needs [9]. LV provides an excellent 
framework for the health communication chal-
lenge of developing materials with effective mes-
saging [10]. LV is rooted in information processing 
theory, focusing on the persuasiveness of a health 
message and provides a systematic process for 
assessing the intended messages of a decision aid 

or educational materials [10]. Specific  components 
of LV are typically assessed with the target 
 audience (the specific group for whom the mate-
rial is intended, e.g., AYA cancer patients consid-
ering fertility preservation). These components 
include Attractiveness, Comprehension, Cultural 
Acceptability, Self-efficacy, and Persuasion (4). LV 
is a quality control process and technique that 
helps ensure materials are suitable for the intended 
audience and better matched to patients’ learning 
needs [9] (. Table 26.1) (. Fig 26.3).

26.2   Examples of Oncofertility- 
Related Educational Materials 
and Decision Aids

As another chapter in this volume will present 
provider-oriented decision support, this section 
focuses on patient and family-oriented educa-
tional tools and decision aids. Institutions and 

Ottawa decision support framework

Decisional needs Decision quality

Actions

Impact

Decision support

• Decisional con�ict (uncertainty)
• Knowledge & expectations
• Values
• Support & resources
• Decision: type, timing, stage,
   learning
• Personal / clinical characteristics

• Informed
• Values-based

• Delay, continuance

• Values-based health outcomes
• Regret & blame
• Appropriate use & costs of services

• Clarify decision & needs
• Provide facts, probabilities
• Clarify values
• Guide in deliberation & communication
•  Monitor / facilitate progress

Counseling Decision tools Coaching

       . Fig. 26.2 Ottawa decision support framework. (Permission from Anton Saarimaki, OHRI)

 G. P. Quinn et al.



309 26

healthcare professionals may wish to create their 
own educational materials or decision aids based 
on knowledge of their own patients or their insti-
tutions’ policies, guideline, and resources. The fol-
lowing is a list of existing tools and strategies 
related to oncofertility that may serve as a guide 
for developing practice-specific tools. Practitioners 
may also choose to use these materials or modify 
them as allowed and applicable.

26.2.1   Oncofertility Website [11]

The Oncofertility Consortium maintains a web-
site that has both provider and patient-oriented 

content. Patient and provider content can be 
found at 7 http://www. savemyfertility. org. In addi-
tion to information about fertility preservation, 
these resources include risk tables and informa-
tion about how to discuss fertility with your 
patient and/or provider (. Fig. 26.4).

26.2.2   Web-Based Decision Aid [12]

This collaborative project between a reproductive 
endocrinologist, clinical psychologist, and oncol-
ogy expert involves an interactive, web-based 
decision aid designed to be used in concert with 
fertility preservation counseling. The goal of the 

       . Table 26.1 Elements of learner verification assessed in study brochure

Elements of learner verification assessed Questions from interview guide

Attraction (does the material appeal to the 
target audience?)

What about the appearance of this brochure intrigued you?

If you were sent this brochure in the mail, would you want to read 
it to find out more about breast cancer?

Comprehension (does the target audience 
understand the material?)

Tell me in your own words what you think the purpose of this 
brochure is?

Did this brochure help you to understand the purpose of genetic 
testing?

Are there any risks in your family that would make you want to 
have genetic testing?

Self-efficacy (does the target audience feel 
the message is doable for them?

After reading this brochure, would you want to participate in this 
study? (probes: If you wanted to participate would you be able 
to?)

Did this brochure help you to understand why genetic testing is 
important to African American women with breast cancer?

Did this brochure help you to understand 
why genetic testing is important to African 
American women with breast cancer?

How do feel about the phrase “Women of Color”? (probes: Do 
you think most African American women would feel the same 
way?; do you think there is another term that African American 
women identify with?)

Is there anything in this brochure that makes you feel uncomfort-
able about genetic testing?

Do you relate to any of the women in this brochure?

Persuasion (does the message convince the 
target audience to take action?)

If you received this brochure in the mail, would you want to have 
a genetic test for BRCA?

Do you think your family and friends might have genetic 
counseling/testing if they received this brochure?

Permission from Dr. Susan Vadaparampil, MCC
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decision aid is to develop and make  available a 
web-based tool that could be  used for patients 
who do not have easy access  to a full fertility 
preservation  consultation  with a reproductive 
endocrinologist (. Fig. 26.5).

26.2.3   “A Young Person’s Guide 
to Cancer and Fertility”: Male 
and Female Brochure [13]

The majority of patient information on FP was 
designed by and for adults, and may not be 

The figure below shows an average woman’s fertility as she gets older. This is what you can
expect if your daughter’s fertility is not affected by treatment.

In some cases, a girl undergoing treatment may lose her fertility right away.

In other cases, she may stay fertile at first but go into menopause earlier than average.

Likelihood of
Getting Pregnant

Likelihood of
Getting Pregnant

Likelihood of
Getting Pregnant

0 10 20 30 40 50
+

Age

0 10 20 30 40 50
+

Age

0 10 20 30 40 50
+

Age

4

       . Fig. 26.3 7 FertileHope. org Website. (Adapted from LIVESTRONG Fertility Website. Permission from LIVESTRONG)
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       . Fig. 26.4 7 SaveMyFertility. org Website. (Permission from Dr. Teresa Woodruff, NW)

a b

c d

The english-version of the web-based fertility preservation decision-aid

       . Fig. 26.5 Web-based fertility preservation decision 
aid. Screen shots from english version of the fertility 
preservation decision aid. a Intro screen. b Graphic 

demonstration about age and fertility. c Animation about 
IVF egg removal. d Review of decision-making strategies. 
(Permission from Dr. Jennifer Mersereau, UNC)
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appropriate for pediatric populations. These bro-
chures were developed for a specific children’s 
hospital after a review of available literature and 
existing educational materials. First, the research 
team designed a preliminary brochure outlining 
cancer- related infertility and the options avail-
able for pediatric patients. Due to the vast differ-
ences between female and male fertility issues 
and options, a separate male and female brochure 
was developed. The brochures were tested with 
three groups (patients and survivors aged 12–21 
(N  =  7), their parents (N  =  11), and healthcare 
providers (N  =  6)). The final brochures were 
revised based on majority feedback and feasibil-
ity (. Fig. 26.6).

26.2.4   Fertility-Related Choices: 
A Decision Aid for Younger 
Women with Early Breast 
Cancer [14]

This is a booklet for young women who have 
recently been diagnosed with early breast cancer. 
As chemotherapy and hormonal therapy may 
decrease fertility and reduce the chance of having 
children in the future, the information provided 
here is designed to help women decide which, if 
any, of the available fertility options are of interest 
to them. This booklet was specifically designed 
for the following patient characteristics: recently 
diagnosed with early breast cancer and reproduc-
tive age (having regular periods and no meno-
pausal symptoms), and thinking of starting a 
family or having more children in the future 
(. Fig. 26.7).

26.2.5   Adolescent Fertility Values 
Clarification Tool [15, 16]

This tool was designed to provide healthcare pro-
viders with a platform for discussing the impact of 
cancer treatment on future fertility with adoles-
cent females. It discusses the preservation options 
and provides an approach for allowing the teen to 
consider her knowledge, desire, and value of par-
enthood. Since this is a tool, and not an instru-
ment, there is no scoring guide. The tool will help 

practitioners assess the patient’s values and 
understanding of fertility in relation to the cancer 
diagnosis and treatment plan. The tool provides 
examples of common coping techniques used by 
teens during the piloting and testing of the instru-
ment (. Fig. 26.8).

26.2.6   Learning About Cancer 
and Fertility: A Guide 
for Parents of Young Girls [17]

This decision aid was designed for parents of 
young girls diagnosed with cancer. Through 
interviews with parents (N = 20), the developers 
chose to develop a paper-based tool that acknowl-
edges parents’ focus on their child’s survival than 
future fertility. The decision aid explains that 
some cancer treatments can affect their daughter’s 
fertility in both short and long term and there 
may be decisions parents can make to preserve 
their daughter’s fertility. Due to the age of the 
patients whose parents are the target of this deci-
sion aid, experimental options are also described. 
The focus of the tool is not just for making fertility 
preservation decisions but also serves as a guide 
to give parents information that will help them 
talk with their child’s healthcare team now and in 
the future as she grows (. Fig. 26.9).

This is not a comprehensive list of all tools and 
materials available on the topic of fertility preser-
vation among AYA populations but serves as a 
sample of those that were developed using multi-
disciplinary teams and a scientific approach. It is 
important for healthcare providers and research-
ers to explore decision aids and educational 
 strategies that may improve the understanding of 
fertility preservation and its limitations. 
Healthcare professionals may consider which of 
these existing tools is appropriate for the institu-
tion and the population or if tailored tools should 
be developed based on unique characteristics of 
the patient population. Cancer survivors value the 
ability to make an informed decision about their 
future fertility preservation options. While deci-
sion aids, tools, and strategies are not a replace-
ment for a discussion with a medical professional, 
they can assist patients and survivors as they 
explore their choices.

 G. P. Quinn et al.
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a

b

       . Fig. 26.6 (a, b) A guide to cancer and fertility for 
female pediatric patients, a guide to cancer and fertility 
for male pediatric patients. 7 https://www. bcna. org. au/

media/3685/bcn1189_fertility_booklet_2016_online. pdf. 
(Permission from Dr. Gwendolyn Quinn, NYU)
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       . Fig. 26.7 Fertility-related choices: a decision aid for younger women with early breast cancer. (Permission from 
Dr. Michelle Peate, UNSW)

Adolescent fertility values
clarification tool

For adolescent females
12–18 years old

Practitioner’s manual

Adolescent Fertility Values Clarification Tool

Table of Contents

Introduction

Response Types

Analysis and intervention

APPENDICES
Appendix I: AFVCT
Appendix II: Why do you need this guide?
Appendix III: Assessment vs. Therapeutic Purposes
Appendix IV: Use of the AFVCT with other
instruments
Appendix V: FAQ

What is the AFVCT?
Who is this guide for?
Communication Centered on Values
Clarification
Pre-evaluation

Social Desirability Bias
Tearful
Vogue/Short
Apothetic
Distressed/Worried
Confident

How to interpret Responses
Assessing their understanding

       . Fig. 26.8 Adolescent fertility values clarification tool. (Permission from Dr. Gwendolyn Quinn, NYU)

 G. P. Quinn et al.



315 26

Learning about
Cancer and Fertility

A Guide for Parents of Young Girls

Right now, you are focused on your child and her
survival. Thinking about her life after cancer may
not seem like a priority in this moment.

However, some cancer treatments can affect your daughter’s
fertility.

This means that she may have trouble getting pregnant or
having a healthy pregnancy when she is an adult.

There might be decisions you can make now to try to preserve
her fertility.

Even if you cannot or do not want to use these options, this
guide may give you information that will help you talk with
your doctor now and talk with your child about this topic as
she grows.

Can I do anything to protect my daughter’s fertility?

Maybe.

First, not all cancer treatments affect fertility.
Second, even those that do are different in terms of how likely
they are to affect fertility.

It is important to understand how cancer treatment affects
fertility, and then you’ll better decide if you can or if you want
to take steps to protect your daughter’s fertility. If you have
questions about the short term and long term effects of cancer
treatment on fertility, ask for a referral to a fertility specialist,
such as a reproductive ednocrinologist.

Fertility:

The ability to
produce children.

       . Fig. 26.9 Learning about cancer and fertility: a guide for parents of young girls. (Permission from Dr. Marla Clayman, AIR)

 Review Questions and Answers

 ? Q1.  What are the three components of 
decision-making?

 v A1.  Risk appraisal, information integration, 
and long-term consideration.

 ? Q2.  What are the three ways decision aids 
can assist patients?

 v A2.  Provide facts, clarify values, and share 
values with the provider.

 ? Q3. What is learner verification?

 v A3.  A framework for assessing health 
education materials.
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27.1   Introduction

In this chapter, we discuss the need for and current 
state of fertility preservation insurance coverage in 
the United States. Our discussion will be limited to 
the situation in which an individual is diagnosed 
with a medical condition for which they must 
undergo certain treatments that threaten their fer-
tility. When infertility arises as a side effect of a 
necessary medical treatment, this is referred to as 
iatrogenic infertility.

27.2   Who Needs Fertility 
Preservation?

27.2.1  Population

In the United States this year, an estimated 
1,735,350 people will receive a cancer diagnosis. 
Approximately 8.8% of these patients  – 152,711 
people  – will be in their “reproductive years”  – 
meaning under 45 years [1]. The most significant 
sub-population at risk is breast cancer patients, 
approximately 25% of whom are diagnosed in this 
age range [2]. Even pediatric patients who have 
not yet entered puberty are at risk of reproductive 
damage, depending on the diagnosis and extent of 
their cancer treatment [3, 4].

In addition to cancer patients, individuals with 
particular autoimmune diseases like rheumatoid 

or psoriatic arthritis, systemic lupus erythemato-
sus, and certain non-malignant hematologic dis-
eases like thalassemia or sickle cell anemia may 
require chemotherapy and/or bone marrow trans-
plants that place them at risk for iatrogenic infer-
tility [5, 6]. Emerging populations who seek 
fertility preservation also include transgender 
patients who may wish to protect their future abil-
ity to have genetic offspring before undergoing 
hormone therapy or transition surgery [7, 8]; and 
individuals who have hereditary cancer syn-
dromes like BRCA who may desire egg banking 
prior to prophylactic measures such as oophorec-
tomy to reduce their future risk of developing 
 cancer [9, 10].

27.2.2  Level and Scope of the Risk

Because the risk of iatrogenic infertility usually 
stems from the treatment for cancer rather than 
from the cancer itself, most, but not all, cancer 
patients face some level of risk. Predicting the 
nature and extent of damage for individual 
patients is difficult because many factors influ-
ence outcome, including patient age, dose and 
type of chemotherapy, dose and location of radia-
tion, and underlying individual biology [1].

Moreover, while a patient’s initial treatment may 
pose only a limited risk of infertility, lack of response 
or recurrence may alter the treatment plan and 
result in a sudden escalation of risk. For example, a 
young patient with Hodgkin  lymphoma undergoing 
first line chemotherapy with Adriamycin® (doxoru-
bicin), Bleomycin, Vinblastine, and Dacarbazine 
(ABVD), faces only a small risk of premature ovar-
ian failure, and may therefore refrain from under-
taking fertility preservation measures [11]. However, 
if the patient’s cancer is resistant, or she suffers a 
relapse, her chemotherapy regimen may shift to 
include more gonadotoxic alkylating agents, or she 
may need to undergo high-dose chemotherapy and 
radiation prior to a stem cell transplant. Under these 
circumstances, the risk of infertility from treatment 
would drastically increase, often without an oppor-
tunity for fertility preservation.

27.2.3  Demand for Services

In the decade since Teresa Woodruff coined the 
term “oncofertility,” [12] the demand for fertility 
preservation services is burgeoning. This demand 

Key Points
 5 Fertility preservation is essential to a signifi-

cant number of patients who undergo 
potentially sterilizing medical treatment.

 5 The cost of fertility preservation treat-
ment, and the concomitant lack of 
insurance for these services, is a signifi-
cant barrier for patients.

 5 Many arguments support insurance 
coverage for fertility preservation, 
including: bioethical principles, policy 
principles, financial offsets, and 
improved patient outcome.

 5 There are several potential avenues for 
implementation of insurance coverage, 
including: voluntary adoption of 
coverage by insurers, administrative 
changes, and legislation.

 J. D. Reinecke et al.



319 27

has been driven by advances in cancer treatment 
that have dramatically improved survival, coupled 
with significant advances in reproductive technol-
ogies that allow for quicker, more efficacious fertil-
ity interventions [13]. The emergence of vitrification 
as a method of oocyte freezing and the subsequent 
recognition of egg freezing as “non- investigational” 
by the American Society for Reproductive 
Medicine (ASRM) in 2012 [14] has been particu-
larly instrumental in making fertility preservation 
a truly viable option for female cancer patients. In 
addition to these medical advances, demographic 
and cultural changes have also driven demand for 
fertility preservation. In the United States, the 
trend toward delayed marriage and childbearing 
[15] means that more cancer patients are being 
diagnosed before they have begun or completed 
their family building. At the same time, now 
40 years after the birth of Louise Brown [16], the 
acceptance of the use of reproductive technology is 
at an all-time high [17]. A recent study showed that 
the majority of the population approves of egg 
freezing, with the strongest support – 89% – for its 
use in fertility preservation by cancer patients [18].

27.3   Why Do Patients Need 
Insurance Coverage?

While the demand for fertility preservation grows, 
access to these services remains limited. Numerous 
studies, based on patient and provider feedback, 
have identified cost as the single greatest obstacle 
preventing cancer patients from obtaining desired 
fertility preservation services [19–21]. Treatments 
such as sperm banking and egg banking are expen-
sive, and without insurance coverage, many 
patients are simply unable to pay for these proce-
dures. Typically, sperm banking can be done for a 
few hundred dollars [22], but egg freezing is sig-
nificantly more expensive. A 2017 survey found 
the average nationwide cost for one cycle of egg 
freezing, including procedures and medications, 
was approximately $16,000 [23].

For young people facing a new cancer diagno-
sis, the cost of fertility preservation is often coupled 
with other financial pressures, including any 
uncovered portions of cancer treatment itself as 
well as a potential loss of income due to their  illness. 
Recent articles have detailed the significant finan-
cial strain that a cancer diagnosis can cause, even 
giving the phenomenon a name – “ cancer- related 
financial toxicity” or CRFT [24–  27]. CRFT is 

 highest for young adult cancer patients who typi-
cally have more debt and lower incomes; these can-
cer patients have two to five times the bankruptcy 
rates of older cancer patients [24–27]. According to 
the 2015 Millennial Money Survey [28], 75% of 
Americans in their 20s earned under $50,000.00 a 
year; they also had less than $7000 in savings and 
over $36,000 in student loan debt. Given this finan-
cial reality, many young adult patients without 
insurance coverage are forced to forego fertility 
preservation.

 » When I was diagnosed, I was given less than a 
week to discuss my options with my husband, 
a newly arrived immigrant from West Africa, 
whose culture marks marriage with the ability 
to expand the family tree. We met with a 
fertility specialist who told us that we would 
need to begin immediately – and come up 
with $15,000 in cash by the next day. We were 
told that fertility preservation was not part of 
my health care plan’s coverage. The process 
was disorganized and left me feeling that I 
did not have a choice. I now have to watch as 
chemotherapy drugs are pumped into my 
body, knowing that they are killing my 
cancer, but could be destroying my chances 
of having a child. I can say with all sincerity 
that is what keeps me up at night.  
–Victoria D., 25, Hodgkin Lymphoma, 
(testimony given in support of California SB 
172, April 26, 2017)

27.4   Why Should Coverage 
Be Provided?

In addition to the personal stories of patients who 
would benefit from this type of coverage, there are 
many arguments that support coverage for fertil-
ity preservation for the broad population of indi-
viduals facing iatrogenic infertility.

27.4.1  Bioethical Bases for Coverage

There is a strong ethical argument for insurance 
coverage for fertility preservation, based on tradi-
tional principles of autonomy, beneficence, non-
maleficence, and justice [29].

Autonomy refers to the idea that individuals 
should be able to make health care decisions that 
align with their personal goals and values. For 
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patients who desire genetic offspring but are fac-
ing iatrogenic infertility, autonomy supports the 
ability to pursue fertility preservation. If an indi-
vidual undergoes medical treatment that results 
in iatrogenic infertility without the choice to pur-
sue fertility preservation, then his or her auton-
omy has not been respected. The principle of 
autonomy extends to children, supporting what 
Joel Feinberg calls a child’s right to an “open 
future.” “[The child’s right] while . . . still a child is 
to have future options kept open until [the child] 
is a fully formed, self-determining adult capable 
of deciding among them” [30].

Beneficence and nonmaleficence refer, respec-
tively, to doing good and avoiding harm. Iatrogenic 
infertility inherently differs from infertility that 
occurs spontaneously, either due to natural aging, 
as the direct result of an underlying medical con-
dition, or due to unknown etiology. The nature of 
this causation imposes a duty to cover the remedy 
for this harm. Typically, when a medical treatment 
causes collateral damage, interventions to address 
that damage are covered as part of the treatment 
[31, 32]. For example, wigs, prosthetics, and anti-
emetics are generally covered benefits that are 
viewed as an integral part of cancer care [33]. This 
duty to redress an unintended harm of treatment 
is consistent with the basic bioethical medical 
tenet “do no harm” as described by bioethicist Lisa 
Campo-Engelstein [33].

In addition, numerous studies have sug-
gested that inaccessibility of fertility preserva-
tion services may worsen medical outcomes 
[34–36]. Unresolved fertility concerns are cor-
related with higher rates of depression and lower 
quality of life in cancer survivors [34–36]. 
Fertility concerns have been shown to be a factor 
in treatment decision- making for approximately 
one-third of pre-menopausal breast cancer 
patients [37]. Some of these patients would opt 
for potentially less- effective treatment regimens 
if they were less gonadotoxic. Newer research 
indicates that significant numbers of young 
breast cancer patients will avoid or compromise 
necessary medical treatment such as tamoxifen 
because of overriding reproductive goals [38]. 
Patients who cannot pay for fertility preserva-
tion services may compromise their health or 
deviate from their recommended cancer treat-
ment due to their desire to have genetic children. 
Improved access to fertility preservation could 
alleviate this need.

Finally, the principle of justice  – treating 
people in comparable circumstances similarly – 
is paramount to the argument for fertility preser-
vation coverage for iatrogenic infertility. Social 
justice suggests that “all groups and individuals 
[are] entitled equally to important rights . . .” [29] 
Sixteen states now require insurance coverage for 
the treatment and diagnosis of infertility [39]. 
The provision of infertility services for individu-
als with infertility resulting from physiologic or 
medical causes, but denying access to the same 
services for individuals with iatrogenic infertil-
ity, is inherently inequitable and unjust. This dis-
tinction is frequently made because coverage 
may be restricted to individuals who cannot con-
ceive after 6 or 12 months of actively trying to get 
pregnant. The injustice of denying a patient 
access to benefits that are already covered as a 
part of her health plan because she is going to be 
rendered infertile rather than is infertile is dem-
onstrated in this excerpt from a final internal 
adverse benefit denial:

 » You asked for coverage of retrieving and 
freezing your eggs. You asked for this 
because you have cancer and will start 
chemotherapy. You may want to get 
pregnant in the future. We looked at your . . . 
health plan benefits. This type of treatment is 
not covered unless you have been trying to 
get pregnant for 12 months . . . That was not . 
. .the case for you. . . . The service is therefore 
not covered . . .[i]t would be covered if you 
are infertile after your chemotherapy [40]. 
(Final decision from United Healthcare to J.H., 
34 year old breast cancer patient. February 1, 
2018)

The absurdity of this logic – that the patient must 
wait to access covered benefits until a time that 
such treatments would be substantially less effec-
tive or entirely ineffective  – underscores the 
inherent injustice in the current predominant 
structure defining the scope of standard infertility 
coverage. Moreover, different patient populations 
suffer disproportionally for this lack of coverage. 
For example, the cost of fertility preservation for 
women is approximately 30 times higher than it is 
for men, thereby establishing a significant gender 
disparity in access to care [41].

For all these reasons, provision of coverage for 
iatrogenic infertility is an ethical imperative.
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27.4.2  Policy Bases for Coverage

In addition to the ethical bases for coverage, fer-
tility preservation should be covered because it 
meets the standard threshold elements for cov-
erage  – “medical necessity” and “standard of 
care.”

A prerequisite to health insurance coverage in 
the United States is a finding that a particular ser-
vice or procedure is medically necessary. Any ser-
vices that are not “medically necessary” generally 
fall outside the scope of coverage. Thus, categori-
zation of fertility preservation services for iatro-
genic infertility as “medically necessary” is a 
crucial first step in positioning those services as 
worthy of coverage. Unfortunately, how and who 
makes this determination is often unclear. The 
vagueness of the term is addressed by Professor 
Daniel Skinner:

 » In the United States, the concept of “medical 
necessity” continues to serve as the primary 
gatekeeper for the utilization of health care 
services. [It is used] to distinguish not only 
necessary from unnecessary care but also 
medical from cosmetic, experimental, 
elective . . .[to] ensur[e] that patients receive 
treatment that is appropriate and medically 
indicated while also controlling costs. At the 
same time, the concept’s meaning remains 
elusive [42].

As Professor Skinner notes, identifying what is 
not medically necessary is often easier  – that 
which is “cosmetic, experimental” or “elective,” – 
than what is clearly included in the definition. The 
American Medical Association (the “AMA”) 
defines medical necessity as:

 » Health care services or products that a 
prudent physician would provide to a patient 
for the purpose of preventing, diagnosing or 
treating an illness, injury, disease or its 
symptoms in a manner that is: (a) in 
accordance with generally accepted 
standards of medical practice; (b) clinically 
appropriate in terms of type, frequency, 
extent, site, and duration; and (c) not 
primarily for the economic benefit of the 
health plans and purchasers or for the 
convenience of the patient, treating 
physician, or other health care provider [43].

Infertility services are often viewed as “elective,” a 
label that continues to shield insurers from paying 
for treatment. Although the AMA in June 2017 
adopted the World Health Organization’s concep-
tion of infertility as a “disease,” [44] currently only 
16 states have laws concerning insurance coverage 
for infertility diagnosis or treatment [39], and 
these laws vary widely in scope. Only eight states 
required coverage for in vitro fertilization (IVF), 
and even these have significant prerequisites to 
coverage that would make access to fertility pres-
ervation difficult, if not impossible [39]. Cancer 
patients are uniquely rendered infertile because 
they must accept sterilizing medical treatment to 
combat their disease and preserve their life. They 
have no rational choice under these circumstances 
to reject curative treatments to spare their gam-
etes or their reproductive organs. The immediacy 
of the decision-making required in this circum-
stance further obviates the “electiveness” of this 
choice. Under these complex circumstances, a 
patient’s ability to effectively research, consider, 
and select their reproductive options, and to grasp 
the long-term implications of those choices, is 
severely curtailed.

A second facet in the definition of medical 
necessity is the requirement that the procedures 
or interventions for which coverage is being 
sought represent “standard of care,” meaning 
they are recognized and accepted as appropriate 
by practitioners in the field. All of the relevant 
oncology and reproductive medicine societies, 
most notably the American Society of Clinical 
Oncology (ASCO) and the ASRM, have formal 
guidelines supporting fertility preservation for 
iatrogenic infertility as part of the standard of 
care for cancer treatment in age-eligible, at-risk 
patients [45–47]. The existence of the ASCO 
[45] and ASRM [46] guidelines as evidence of 
the standard of care has been critical to findings 
of medical necessity in several external medical 
reviews in California and Illinois. These reviews 
uniformly concluded that coverage was wrongly 
denied to cancer patients who needed emer-
gency fertility preservation services [48]. In 
addition, a California Health Benefits Review 
Program Report (CHBRP) noted that specific 
procedures such as sperm, egg, and embryo 
cryopreservation represent the “standard of 
care” for fertility preservation for cancer 
patients [49].
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27.4.3  Financial Arguments 
for Coverage

As discussed above, the cost of fertility preserva-
tion services are high for the individual patient 
[50]. These costs are the basis for resistance to 
coverage by the insurance industry. The primary 
purpose of insurance from the perspective of the 
individual who purchases it is to offset the finan-
cial risk of an unforeseen medical treatment. 
Insurance is tool to amortize that risk across a 
population, thereby minimizing any individual’s 
cost. Independent analyses done in states where 
coverage bills have been considered estimate that 
costs of covering standard fertility preservation 
services would range from a low of one cent per 
member per month ($0.01 PMPM) [41] to a high 
of $0.10–$0.24 PMPM [51].

The extremely low cost of adding this benefit 
is a direct function of both the low eligibility and 
the low utilization rates for fertility preservation 
services. Eligibility rates are low because the num-
ber of newly diagnosed cancer patients aged 45 
and under, in the population at large, is very low. 
In the United States, the annual incidence of can-
cer in individuals under 45  years is 43.9  in 
100,000, amounting to approximately 150,000 
age-eligible patients in 2018. Of these, approxi-
mately 10,000 will be pediatric cases [1]. Given 
current technology, these pre-pubertal patients 
could only preserve fertility using experimental 
techniques, which would not be covered. Even 
among all “eligible” patients, utilization rates for 
fertility preservation will never approach 100%. 
Some patients will not receive gonadotoxic or 
fertility-impairing treatments; some will have 
already completed their family building; some 
may not have enough time or may be too sick to 
undergo such treatments; some may have reli-
gious or personal opposition to using assisted 
reproductive technology; and some may not be 
concerned about loss of future fertility or genetic 
parenthood. Actual utilization rates are difficult 
to obtain because coverage is uncommon, and 
insurers who do provide this coverage do not 
share their data. Published estimates for maxi-
mum utilization (derived from actual use by 
patients with private coverage) range from 16.7% 
to 33% for female patients and from 34.8% to 
43.8% for male patients [49, 51, 52].

The estimated cost of coverage, in addition to 
being objectively low, is also miniscule as 

 compared to total cancer care costs. In addition, 
there are offsets that could potentially reduce the 
net cost of fertility preservation services. As previ-
ously mentioned, numerous studies have identi-
fied unrelated medical benefits for cancer patients 
who undergo fertility preservation, such as 
improved quality of life and reduced levels of psy-
chological distress [34–36, 53]. While the value of 
improved mental health outcomes has not been 
quantified, it is logical to infer it may reduce the 
need for medical and/or psychological services as 
well as increased productivity. Additional cost sav-
ings may be generated through the achievement of 
better medical outcomes in young adult patients 
who, once their fertility concerns are met, may 
better adhere to prescribed cancer treatment rec-
ommendations. As previously described, young 
breast cancer patients have been reported to defer 
or abandon prescribed tamoxifen treatment due 
to overriding concerns about fertility [38]. These 
voluntary deviations from treatment may increase 
the risk of preventable cancer recurrence, which 
itself may increase the costs of cancer care. The 
average cost of treating early stage breast cancer 
over the first 24 months after diagnosis has been 
estimated at $71,909; the average cost of treating 
stage IV breast cancer over that same time period 
was $182,655 [54]. Because direct cancer treat-
ment costs are generally covered, these increased 
expenses would be borne by insurers.

27.5   How Can Coverage Be Pursued?

Insurance coverage can be established in a variety 
of ways. Insurers can choose to provide coverage 
for particular procedures and include these bene-
fits in their policies. Alternatively, legislators can 
pass laws requiring insurers to cover or to offer 
coverage for certain services. Finally, administra-
tive or regulatory changes can add or clarify cov-
erage parameters and policies. Any of these 
mechanisms or a combination of approaches can 
be used to pursue coverage for fertility preserva-
tion for those facing iatrogenic infertility.

27.5.1  Voluntary Coverage 
for Fertility Preservation

To our knowledge, the first insurance provider to 
voluntarily add coverage for fertility preservation 
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procedures for cancer patients was Blue Cross 
Blue Shield of Massachusetts [55], which did so 
in 2009 (. Fig. 27.1). As a result of an initiative 
developed by Fertile Hope and undertaken by the 
Livestrong Foundation in 2010, 3 additional 
commercial insurers and more than 35 self-
insured companies added fertility preservation 
coverage for those facing iatrogenic infertility, 
resulting in coverage for approximately 7 million 
people [55, 56]. Over the past few years, many 
large companies have started to provide egg 
freezing coverage as part of a push to expand 
their “family-friendly” benefits to recruit young 
talent. While these benefits were primarily 
intended to provide egg freezing for young 
women concerned about natural ovarian aging, 
they nonetheless extend coverage to individuals 
with iatrogenic infertility as well [57, 58]. 
Recently, the Veteran’s Health Administration 
has also chosen to cover fertility preservation due 
to a medical need, including for at-risk cancer 
patients. In June 2017, they issued a directive 
clarifying their coverage of infertility benefits 
[59]. It expressly stated that:

 » Gamete cryopreservation (sperm or oocytes) 
is allowable when it is determined by 
appropriate health care professionals that the 
care is needed to promote, preserve, or 
restore the health of the individual and is in 
accord with generally accepted standards of 
medical practice (e.g., for oncofertility with 
cryopreservation of gametes to preserve 
fertility prior to cancer treatment which 
would ordinarily render the patient 
permanently sterile) [59].

27.5.2  Legislating Coverage

Attempts to impose coverage for fertility preser-
vation procedures for cancer patients through 
legislative means began as early as 2002. A bill 
introduced in New Jersey sought coverage for egg 
freezing for women who were facing possible 
infertility due to chemotherapy or radiation treat-
ments for cancer [60]. The bill would have 
expanded the state’s existing infertility mandate 
which required coverage for the diagnosis and 
treatment of infertility, to also include the preven-
tion of infertility, and it added oocyte freezing for 
cancer patients to the list of specifically included 
procedures [61]. The bill was introduced every 
session from 2002 to 2013, but never moved out 
of committee. Over the past decade, similar bills 
have been introduced in several states to require 
that insurers cover the costs of fertility preserva-
tion for cancer patients at risk for iatrogenic infer-
tility, with no success until recently.

In 2017, two states – Connecticut and Rhode 
Island – passed legislation mandating fertility pres-
ervation coverage for iatrogenic infertility [62, 63]. 
Both already had existing laws requiring insurers 
to cover infertility treatment, including IVF [62, 
63]. The Connecticut bill was signed into law on 
June 20, 2017, making Connecticut the first state in 
the country to require that certain insurers provide 
coverage for patients facing iatrogenic infertility. 
The bill was originally introduced in 2014 by 
Representative Matt Lesser, a cancer survivor, as a 
stand-alone fertility preservation bill, and it would 
have only provided coverage for cancer patients 
who were at least 18 years old and who had not yet 
started cancer treatment. The bill was reintroduced 

8. Administration of Infertility Bene�ts
As of October 1, 2009 for new sales and upon renewal for existing accounts, we are updating the administration
of infertility bene�ts. In addition to providing coverage to diagnose and treat infertility for healthy members who
have not been able to conceive or produce conception during a period of one year. Blue Cross Blue Shield of
Massachusetts may approve coverage for infertility services in two other situations. First, when a member has been
diagnosed with cancer and is expected to become infertile after treatment. Second, coverage may be approved
when a healthy member is age 35 or older and has not been able to conceive or produce conception during a period
of six months. Prior-authorization requirements are in e�ect and remain the same for these services.

Please note that additional information regarding the administration of infertility bene�ts is available in Blue Cross
Blue Shield of Massachusetts’ medical policy.

       . Fig. 27.1 The first insurance provider to voluntarily add coverage for fertility preservation procedures for cancer 
patients was Blue Cross Blue Shield of Massachusetts, which did so in 2009

Establishing Insurance Coverage for Iatrogenic Infertility



324

27

in every subsequent year, ultimately passing in 
2017. The final version was very different from the 
original bill. Instead of adding a separate clause for 
fertility preservation coverage to the state’s infertil-
ity coverage law, it changed the statutory definition 
of “infertility” itself. That definition, which had 
been codified as a result of the 2005 infertility cov-
erage mandate [64], was altered in a few ways. 
First, the words “presumably healthy” were stricken 
from the existing law; second, an exception to the 
functional definition of infertility as a year of 
unsuccessful attempts at pregnancy was created for 
the case of “medical necessity.”

 » For purposes of this section, “infertility” 
means the condition of an individual who is 
unable to conceive or produce conception or 
sustain a successful pregnancy during a 
one-year period or such treatment is medically 
necessary. (emphasis added)

Two weeks later, Rhode Island became the second 
state to require fertility preservation coverage 
[65]. The Rhode Island bill [63, 65] also amended 
an existing state infertility coverage mandate, but 
did so by inserting more specific language: “for 
standard fertility preservation services when a 
medically necessary medical treatment may 
directly or indirectly cause iatrogenic infertility to 
a covered person” [63]. The Rhode Island bill took 
effect immediately, and the state’s only fertility 
clinic has already witnessed a significant increase 
in the number of patients seeking fertility preser-
vation [66].

On the heels of the successes in 2017, numer-
ous additional states either introduced or reintro-
duced bills requiring FP coverage (. Table 27.1). 
Some of these bills only addressed medically 
needed fertility preservation, and some were 
broader bills that sought to also establish coverage 
for IVF [63, 67]. Two states – Maryland [67] and 
Illinois [68]  – saw FP-only coverage signed into 
law. Like Connecticut and Rhode Island, Maryland 
and Illinois already had IVF coverage laws in 
place; Maryland was, in fact, the first state in the 
country to require IVF coverage [69]. Delaware 
also passed a bill, but its law [70] mandated cover-
age not only for fertility preservation, but also for 
the treatment of infertility itself, including for 
IVF. This broad legislation was the first new IVF 
mandate signed into law in over a decade [64]. 
The last infertility mandate that included IVF 

 coverage was passed in Connecticut in 2005 [64]. 
At the time of this writing, one additional FP cov-
erage bill is still pending in New Jersey [71, 72].

While these recent legislative victories will 
make fertility preservation available to thousands 
of cancer patients, there are still many limitations 
inherent to these laws, and to some of the proposed 
bills, should they pass in the future. One significant 
limitation is that these state laws only affect certain 
subsets of insurance. For example, they do not 
reach private self-insured plans that are governed 
by a federal law, the Employee Retirement Income 
Security Act (ERISA) [73]. In 2016, approximately 
58% of workers receive their health insurance 
through employer-based,  self- insured plans [74], 
so this represents a sizable portion of insured 
Americans. In addition, only Illinois’ law affects its 
state Medicaid plan; coverage in other states leaves 
out many of the patients who can least afford and 
most need this coverage [74]. Beyond restricting 
coverage obligations to certain types of insurers, 
the scope of the coverage may be further con-
stricted by additional limits. For example, particu-
larly where fertility preservation coverage is 
structured to modify existing infertility mandates, 
restrictions concerning age limits, religious exemp-
tions, or cycle restrictions, could be applied to fer-
tility preservation benefits [75]. Further, the 
language of some of the proposed bills limits cov-
erage to individuals with a diagnosis of cancer, 
thereby excluding those facing iatrogenic infertil-
ity from treatment for other diseases or conditions. 
These bills even place additional inclusion criteria 
on cancer patients, such as a requirement that can-
cer treatment has not yet been initiated, and lower 
and upper age bounds. These parameters would 
reduce patient eligibility for coverage, and their 
purpose should be considered carefully before 
adoption. At least one state has concluded that age 
restrictions for infertility coverage violate the 
Affordable Care Act’s (ACA) nondiscrimination 
clause, and lifetime cycle caps may be viewed as 
illegitimate preexisting-condition exclusions in 
contravention of Health Insurance Portability and 
Accountability Act (HIPAA) [76].

27.5.3  Administrative Recognition 
of Coverage

Generally, states are responsible for regulating insur-
ance sold within their state. They can implement 
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       . Table 27.1 Fertility preservation coverage legislation 2017–2018

State Bill Status Coverage Details

CT HB7124 Signed into law 6/20/17 “Medically 
necessary” 
treatments

Amended existing infertility law; changed 
statutory definition of “infertility” to include 
“medical necessary” treatment

RI S0821A & 
H6170A

Signed into law 7/05/17 FP Amended existing IVF mandate to add 
standard FP services if necessary medical 
treatment may cause iatrogenic infertility

MD SB271 & 
HB908

Signed into law 5/18/18 FP Standard FP services if necessary medical 
treatment may cause iatrogenic infertility; 
large groups only

DE SB139 Signed into law 6/30/18 Infertility, 
including 
IVF+FP

New infertility mandate, includes coverage for 
specified treatments including IVF and FP. Does 
not include state employees or Medicaid recipients

IL HB2617 Signed into law 8/27/18 FP Standard FP services if necessary medical 
treatment may cause iatrogenic infertility; 
broad coverage including state employees 
and Medicaid recipients

NJ A3150 & 
S2133

Pending FP IVF mandated was updated in 2017; FP to be 
added in 2018

AZ SB1149 Intro in Senate; Inactive Infertility, 
including 
IVF+FP

IVF mandate; specific procedures listed; 
includes FP

CA SB172 Heard in Sen. Health 
Cmte; Inactive

FP Standard FP services if necessary medical 
treatment may cause iatrogenic infertility

HI HB2669 Heard in House HHS 
Cmte; Inactive

FP  
(cancer only)

Oocyte and sperm cryopreservation. Limits: adult 
patients who have not started treatment; one cycle

KY SB95 Passed Senate; Inactive FP Standard FP services if necessary medical 
treatment may cause iatrogenic infertility; 
one year of storage; Limit: one cycle

LA HB698 Hearings in House; sent 
to Cmte on Approps for 
reconsideration; Inactive

FP 
(cancer only)

Coverage for embryo, oocyte, and sperm 
cryopreservation; limited to 18–40 years old; 
dx of cancer only; has not started cancer 
treatment. Limit: one cycle

MS HB1198 Died in Cmte; Failed IVF+FP 
(iatrogenic)

IVF mandate; specific procedures listed; 
includes FP

MO HB2388 Referred to House 
Judiciary Cmte; Inactive

FP  
(cancer only)

Coverage for embryo, oocyte, and sperm 
cryopreservation; limited to 18–40 years old; 
dx of cancer only; has not started cancer 
treatment. Limit: one cycle

NY A02646A 
& S3148 
(S8441b)

Different versions 
passed in Assembly & 
House; Inactive

IVF+FP 
(iatrogenic)

Update existing infertility mandate to include 
IVF and fertility preservation for iatrogenic 
infertility

S7163 & 
A10660

Sent to Cmte in both 
chambers; Inactive

FP  
(cancer only)

Coverage for standard fertility treatment when a 
necessary cancer treatment may directly or 
indirectly cause iatrogenic infertility

VT H629 Referred to Cmte on 
Healthcare; Inactive

FP  
(cancer only)

Coverage for embryo, oocyte, and sperm 
cryopreservation; limited to 18–40 years old; 
dx of cancer only; has not started cancer 
treatment. Limit: one cycle
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and/or enforce rules and regulations about all 
aspects of coverage that insurers must abide by to 
participate in the market. In the state of California, 
along with the Department of Insurance, the 
Department of Managed Healthcare (DMHC) is the 
primary agency for regulating insurers within the 
managed healthcare system; it oversees the insurers 
of some 25 million Californians. The DMHC has an 
online, external appeals process whereby individu-
als may request an independent medical review 
(IMR) when they feel they have wrongly been 
denied coverage for a medical service or procedure. 
Within the past year, four IMRs in California have 
been issued finding fertility preservation prior to 
potentially sterilizing cancer treatment should have 
been covered [77]. One decision, on behalf of a 
breast cancer patient in her 30s is excerpted here:

 » Nature of Statutory Criteria/Case Summary: An 
enrollee has requested reimbursement for 
fertility preservation services . . . enrollee . . . has 
a history of breast cancer. Findings: The 
physician reviewer found that there is support 
in the medical literature for the services at issue. 
With current technology, sperm and embryo as 
well as oocyte cryopreservation, are considered 
standard practice and are widely available. In 
this case, treatment options were considered 
that included chemotherapy. Because of the 
unpredictable nature of a cancer diagnosis and 
future treatments, the American Society of 
Clinical Oncology and the American Society for 
Reproductive Medicine guidelines recommend 
immediate fertility treatment so that the 
opportunity is not lost and cancer treatment is 
not delayed. Such treatment is considered the 
standard of care by these societies. . . . [I]n order 
to preserve this patient’s fertility, it was 
medically necessary for this patient to undergo 
fertility sparing treatment. Final Result: Health 
Plan’s denial should be overturned [78].

The other three IMRs contained virtually the 
same language and all ruled in favor of the cancer 
patients [77]. Based on the consistency of these 
outcomes and the underlying rationale of the 
decisions, the DMHC has now recognized fertil-
ity preservation for those facing iatrogenic infer-
tility as covered benefit per se; with access to that 
benefit turning on medical facts of the individual 
case [66]. Its position relies, in part, on the Knox- 
Keene Health Care Service Plan Act of 1975 

which provides that all medically necessary 
“basic healthcare services” must be covered. 
Significantly, the broad categories of “basic 
healthcare services” do not include expressly 
include infertility procedures or treatments, and 
California has not mandated infertility coverage 
(only that such services be “offered”). Coverage 
for fertility preservation procedures arises not 
from a specifically delineated infertility benefit, 
but rather from the patient’s medical need to pro-
tect their genetic material due to cancer treat-
ment that will expose them to possible 
reproductive harm [79]. The DMHC’s position 
on medically needed fertility preservation cover-
age was recently elucidated in written response to 
a patient complaint:

 » Your EOC [Evidence of Coverage] lists specific 
services that are not covered for the 
treatment of infertility. . . . However, the 
services for which you seek reimbursement 
are intended to preserve a person’s ability to 
have children before undergoing medical 
treatment that may cause infertility. These 
are basic healthcare services (emphasis 
added) that require coverage under 
California health plan law. (Letter from DMHC 
to V.F., 39-year-old ovarian cancer patient. 
June 5, 2018)

This recognition that fertility preservation cover-
age is not dependent on the presence of broader 
infertility coverage is consistent with and analo-
gous to the rationale for the coverage of recon-
structive surgery – also a remedy for an iatrogenic 
harm  – in the breast cancer context [80, 81]. 
While this particular mechanism for redress is 
unique to California, under the ACA, all states 
must have external review procedures for insur-
ance appeals. This means that similar arguments 
for coverage can be made elsewhere, even when a 
“final” internal denial has been issued by an 
insurer.

27.6   Conclusion

Fertility preservation for iatrogenic infertility is a 
medically necessary, non-elective intervention to 
prevent potential reproductive damage and/or 
sterility for cancer patients and for others who 
must submit to required  – often life-saving  – 
medical treatments. Numerous rationales for 
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requiring insurance coverage for these procedures 
exist and are starting to be acknowledged. The 
recent succession of state legislation, coupled with 
administrative recognition for this coverage 
reflects an emerging and welcome trend to recog-
nize patients’ right to protect their reproductive 
ability.

 Review Questions and Answers

 ? Q1.  True or False? Cost is the most common 
reason cancer patients cannot access 
fertility preservation services.

 v A1. True

 ? Q2.  To date, all except the following states 
have insurance coverage for fertility 
preservation services for cancer 
patients except:
 (a) CT
 (b) NY
 (c) RI
 (d) MD

 v A2. (b)

 ? Q3.  Explain why if fertility preservation 
services were covered by insurance, the 
cost would be minimal.

 v A3.  The extremely low cost of adding this 
benefit is a direct function of both the 
low eligibility and the low utilization 
rates for these services. Eligibility rates 
are low because the number of newly 
diagnosed cancer patients aged 45 and 
under, in the population at large, is very 
low. Utilization rates would be low 
considering several factors. Some 
patients will not receive gonadotoxic or 
fertility-impairing treatments; some will 
have already completed their family 
building; some may not have enough 
time or may be too sick to opt-in to such 
treatments; some may have religious or 
personal opposition to using assisted 
reproductive technology; and some may 
not be interested in or concerned about 
their future fertility or genetic 
parenthood.

 ? Q4.  True or False? One of the limitations of 
the current fertility preservation 
legislation is that many of the bills 
passed do not affect Medicaid plans, 
leaving out many of the patients who 
can least afford and most need this 
coverage.

 v A4. True
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Key Points
 5 Informed consent and dispositional 

contracts are separate, critical legal 
protections for fertility preservation 
patients undergoing assisted 
 reproduction.

 5 State laws vary and impact both access 
to cryopreserved genetic material and 
parent-child status in any posthumous 
reproduction.

 5 Laws mandating coverage for fertility 
preservation for oncofertility patients are 
expanding.

 5 Third-party reproduction in the form of 
surrogacy and gamete donation is a 
legally complex and ever-changing 
family building option that requires 
current, experienced, objective and 
jurisdictionally specific legal guidance.

28.1  Introduction

With advances in cancer treatments dramatically 
improving survival rates for children, adolescents 
and young adults (AYA), and child-bearing age 
cancer patients, fertility preservation has become 
an increasingly relevant consideration and inte-
gral aspect of treatment plans, as this book attests. 
Studies show that oncology patients want to dis-
cuss fertility preservation as part of their treat-
ment plans, and the American Society of Clinical 
Oncology (ASCO) guidelines recommend 
addressing the possibility of infertility as early as 
possible and before treatment starts [1]. In recent 
years, In Vitro Fertilization (IVF) and other 
Assisted Reproductive Technologies (ART) have 
significantly expanded the number of available 
fertility preservation options and concomitant 
legal issues. Current standard of care for fertility 
preservation for post-pubescent males and 
females involves preservation of sperm and eggs, 
with the latter requiring an IVF procedure [1]. 
For pre-pubescent males and females, still experi-
mental protocols offer the possibility of ovarian or 
testicular tissue cryopreservation with potential 
future thaw, maturation, fertilization, and implan-
tation of resulting IVF embryos. This chapter 
explores the legal issues attendant to currently 
available, experimental, and future potential fer-
tility preservation protocols.

While any medical procedure can raise legal 
and ethical issues, fertility preservation raises a 
number of unique legal issues given its implica-
tions for reproductive and future parentage rights. 
What techniques, on whom, and requiring whose 
informed consent; who has the right to access and 
use any cryopreserved genetic material in the 
future in the event of divorce or death; and the 
legal relationships created from any such use, are 
some of the most significant and novel of those 
issues [2].

For patients who are coupled, a decision to 
create and cryopreserve embryos with both part-
ners’ genetic material inextricably links two indi-
viduals to one another’s reproductive future. Men 
have long been able to avoid these legal vulnera-
bilities through cryopreserving sperm in lieu of 
embryos. Recent advances in cryopreserving eggs 
may offer women the ability to avoid these legal 
vulnerabilities as well. For any fertility preserva-
tion patient, there will be the risk that their stored 
material may not produce a future pregnancy, or 
may be lost, damaged, or destroyed, thus depriv-
ing them of their opportunity to create a biologi-
cally linked family and potentially leading them 
to utilize donor gametes. Since gametes or 
embryos can be, and in some instances have been, 
cryopreserved for over 20 years [3], a child may be 
born from a patient’s genetic material long after 
his or her death, presenting novel legal questions 
of posthumous reproduction and posthumous 
parentage [4].

Minor patients incapable of giving legal 
informed consent raise more unique legal issues 
over their future reproductive potential and the 
need for specific protocols to address them. Two 
central tenets of informed consent law are that a 
medical procedure requires informed consent 
and must offer the patient a potential benefit [5]. 
In pediatric cases, except for those whom the law 
deems “mature minors,” a legal parent or guardian 
must give consent for the child (with the child 
giving “assent” to the treatment if capable of doing 
so), and, while there is some variation in applica-
ble legal theories, any such consent needs to be 
clearly for the minor patient’s own anticipated 
benefit [6].

Finally, third-party ART may be necessary 
for some patients who desire a biological child 
but who, despite undergoing fertility preserva-
tion measures, may be unable to carry a preg-
nancy or use their own gametes. Third parties 
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may include a genetic (traditional) surrogate or 
gestational surrogate carrier, and/or sperm, egg 
or embryo donors. Each of those possibilities 
gives rise to a variety of legal issues for patients 
and providers.

This chapter highlights the unique legal issues 
surrounding fertility preservation, including: 
legal issues of informed consent and autonomy; 
embryo disputes; current, relevant legislation and 
case law surrounding access to insurance cover-
age for fertility preservation; posthumous repro-
duction; and third-party reproduction.

28.2  Fertility Preservation 
for Adult Patients

28.2.1  Men

For most post-pubertal males, fertility preserva-
tion is relatively simple, time efficient, and effec-
tive. Sperm can typically be obtained without the 
need for invasive procedures, or creating embryos, 
as sperm has been successfully cryopreserved for 
decades. As such, standard protocols for sperm 
retrieval and storage will typically not delay or 
impact treatment, and avoid the legal vulnerabili-
ties attendant to creating and later being able to 
use embryos, as discussed infra. To the extent 
obtaining sperm need not involve a medical pro-
cedure or medical facility, there may also be limi-
tations on the applicability of health law.

28.2.2  Women

For females, fertility preservation is inherently 
more complicated, both medically and legally, 
since egg retrieval requires medical stimulation 
and retrieval procedures and, before recent 
advances in egg freezing through vitrification, 
routinely involved fertilization (from a male part-
ner or donor) and creation of embryos for cryo-
preservation. For oncofertility patients, although 
the stimulation protocol may be altered and the 
time line reduced, effective fertility preservation 
can still potentially delay or impact their cancer 
treatment. Compared to sperm retrieval, this 
oocyte or embryo banking is physically invasive, 
time-consuming, and costly (see the following 
section for emerging state laws mandating insur-
ance for this procedure).

In 2012, the American Society for Reproductive 
Medicine (ASRM) removed the “experimental” 
label from oocyte cryopreservation technology, 
finding that there is “good evidence that fertilization 
and pregnancy rates are similar to IVF…with fresh 
oocytes when vitrified/warmed oocytes are used.” 
[7] Notwithstanding that categorization, for a num-
ber of years prior to 2012, oocyte cryopreservation 
had been done with some regularity in a number of 
IVF programs [8]. Currently, whether all oocytes 
are cryopreserved without fertilization, or whether 
all or some are first fertilized to create embryos, may 
partly depend on the expertise and experience of 
the specific IVF physician, embryologist, and lab 
[9]. From a legal perspective, egg freezing puts 
females on equal footing with males, allowing them 
to control their individual future fertility and avoid 
disputes over who controls IVF cryopreserved 
embryos. For pre-pubescent females, ovarian tissue 
cryopreservation, while currently considered 
experimental, may be the only viable option for 
attempting fertility preservation [10]. According to 
ASCO guidelines, “the field of ovarian tissue cryo-
preservation is advancing quickly and may evolve to 
become standard therapy in the future.” [1]

28.3  State Legislation Mandating 
Insurance Coverage of Fertility 
Preservation

Since 2017, five states have passed laws mandating 
insurance coverage of fertility preservation proce-
dures for patients potentially facing iatrogenic 
infertility. Connecticut, Rhode Island, Illnois and 
Maryland expanded existing infertility mandates. 
Delaware enacted a new law mandating coverage 
for both infertility and fertility preservation, includ-
ing storage costs [11]. These laws each have certain 
specific caveats and exclusions that are beyond the 
scope of this overview, and patients and providers 
should carefully review their state’s requirements. 
As of publication time, two additional states have 
pending fertility preservation legislation, and eight 
others have inactive legislation.1

1 As of press time, IL passed its law Aug. 2019, NJ has 
pending active fertility preservation legislation, and 
AZ, CA, HI, KY, LA, MS, MO, NY and VT have inactive 
pending bills (see 7 http://www.allianceforfertility-
preservation.org/advocacy/state-legislation for more 
information).
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In June 2017, Connecticut became the first 
state to enact legislation on fertility preservation 
coverage [12]. The law removes from the man-
date’s statutory definition of infertility the words 
“a presumably healthy” (from “the condition of a 
presumably healthy individual who is unable to 
conceive or produce conception or sustain a 
 successful pregnancy during a 1-year period”) 
and adds additional language “or such treatment 
is medically necessary,” so that infertility is now 
defined as, “the condition of an individual who is 
unable to conceive or produce conception or sus-
tain a successful pregnancy during a one-year 
period or such treatment is medically necessary,”2 
which presumably includes iatrogenic infertility 
due to impending cancer treatment.

Rhode Island amended its existing infertility 
mandate that private insurers must offer coverage 
for infertility treatments to also include coverage 
“…for standard fertility preservation services 
when a medically necessary medical treatment 
may directly or indirectly cause iatrogenic infer-
tility to a covered person.” [13] “Standard fertility 
preservation services” are defined in the statute as 
the established medical practices and professional 
guidelines published by ASRM, ASCO, or other 
reputable medical organizations [13]. As such, 
covered services may expand if and as profes-
sional recommendations and guidelines are 
updated.

In May 2018, Maryland became the third state 
to expand its infertility mandate, effective January 
1, 2019. The law includes a requirement that 
insurers provide coverage for standard fertility 
preservation services, excluding any storage costs, 
when medically necessary due to the risk of iatro-
genic infertility [14].

Delaware passed new legislation in June 2018 
mandating coverage for both general infertility 
and fertility preservation services for patients fac-
ing iatrogenic fertility (including the cost of stor-
ing sperm, eggs, embryos, and tissue), making it 
the 16th state in the nation to mandate some form 
of insurance coverage for infertility treatment and 
the 4th requiring such coverage for fertility pres-
ervation services [15].

2 For an illustration of the changes made to the CT 
infertility mandate, see the CT General assembly 
website at 7 https://www.cga.ct.gov/2017/lcoamd/
pdf/2017LCO07854-R00-AMD.PDF.

These legislative examples, as well as ASCO’s 
2018 “key recommendations,” may provide help-
ful support to advocates looking to expand man-
datory access to fertility preservation [1].

28.4  Informed Consent: Unique 
Issues for Fertility Preservation

As a general legal and ethical principle, physicians 
must obtain a competent adult patient’s informed 
consent prior to performing any medical treat-
ment, otherwise any treatment would result in the 
physician committing a battery under common 
law [16]. IVF patients routinely provide informed 
consent prior to undergoing gamete retrieval, 
embryo creation, fertility preservation via cryo-
preservation of gametes and/or embryos, and the 
transfer or implantation of any such genetic mate-
rial [17]. In some states, such as California, failure 
to obtain required consent or unauthorized use of 
genetic material can expose a physician to crimi-
nal penalties as well as potential civil, tort liability 
[18]. The issue of informed consent for minor 
patients presents a more complex legal and ethical 
analysis that will be discussed separately below in 
7 Sect. 28.3 of this chapter.

Assisted reproduction or ART raises unique 
legal issues for all patients because of the singular 
nature of reproductive tissue and its potential to 
create a new life, as well as the possibility that two 
patients may have reproductive tissue inseparably 
preserved in an IVF pre-implantation embryo. 
For oncofertility patients, informed consent for 
fertility preservation treatment raises additional 
issues as to the relative risks and benefits of vari-
ous options, including clinic specific v. national 
data as to freezing embryos and gametes, unique 
dispositional options and legal impact for the 
patient or any surviving partner or other desig-
nated individual, as well as the risks and benefits 
of any delay in cancer treatment [19].

28.5  Informed Consent Law v. 
Contract Law

Both ART treatments and disposition of genetic 
material resulting from those treatments continue 
to be a rapidly evolving area of medicine and law. 
Informed consent documents for treatment and 
cryopreservation of reproductive tissue may or 
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may not include future dispositional choices for 
cryopreserved gametes and embryos. Increasingly, 
future dispositional choices are being treated by 
medical programs, professional guidelines (and 
their model documents), storage  facilities, 
patients, and courts as an integrally related, but 
distinct, matter, addressed in separate disposi-
tional agreements and interpreted under the law 
of contracts rather than informed consent [20]. 
The legal distinction between informed consent 
prior to performing a medical procedure on a 
patient and obtaining a patient’s authorization as 
to how his or her gametes or embryos may, or may 
not, be used in the future, has been the subject of 
litigation and the characterization of those docu-
ments, as discussed below, may be legally deter-
minative. Use of donor sperm or eggs to create 
embryos adds further legal complexities. In the 
context of fertility preservation immediately prior 
to cancer treatment, the issues are obviously 
heightened since the sole purpose of the medical 
procedure may be to make genetic material avail-
able for future procreative use.

Both statutory and case law is developing 
around this distinction. California has enacted 
legislation mandating that healthcare providers 
offering fertility treatment provide patients with a 
form setting forth advanced written directives for 
embryo disposition, including certain minimum 
options under a variety of scenarios [21]. SART 
has created (and continues to update) model doc-
uments for its professional members, which 
include separate informed consent documents to 
treatment and dispositional agreements for 
genetic material to be customized in accordance 
with state law as recommended by local state legal 
counsel [22].

Counseling a patient as to his or her options 
for disposition of gametes or embryos, separate 
from the medical treatment, can be as much legal 
as medical in nature, and clinics referring for, or 
engaging in, fertility preservation practices would 
be prudent to recommend patients also obtain 
legal counseling prior to completing any clinic’s 
dispositional agreement to better understand the 
critical legal implications of their options and 
choices. For embryo cryopreservation, it also may 
be advisable for coupled patients to obtain sepa-
rate legal counseling, and/or create additional 
legal documents, to help address any potential 
future conflicts of interest or relatively different 
rights to conjoined genetic material. Although 

time is often of the essence, and any such recom-
mendations may not be followed, offering and 
documenting them would be both a cautious and 
protective practice.

28.6  Legal Embryo Disputes

Embryo-related legal disputes have arisen in a 
number of contexts in the United States3: between 
divorcing couples over frozen embryos (created 
with both patients’ own genetic material, and thus 
each is a progenitor, or with donor sperm or eggs); 
surrounding posthumous reproduction where a 
surviving progenitor, non-progenitor partner, or 
another family member is seeking to use a 
deceased’s genetic material, as well as the legal sta-
tus of any posthumously born child; and in a 
myriad of scenarios involving mix-ups and loss or 
damage to embryos and gametes. This section 
highlights illustrative court cases in some of these 
areas most relevant to patients facing iatrogenic 
infertility and considering fertility preservation. It 
is important to note that, with one exception 
involving posthumous reproduction, the United 
States Supreme Court has never addressed these 
issues, so the cases discussed in this chapter only 
have precedential value, or apply, in their own 
state and serve solely as advisory guidance in 
other jurisdictions.

The trend in over 20 appellate cases over the 
past 25 years has generally been to favor the pro-
genitor who does not want embryos used to pro-
create over the wishes of the other, at least where 
there is no specific agreement to the contrary 
(with the clinic or otherwise) [23]. Where there 
are signed consent forms or legal agreements, 
however, the outcomes and legal theories sup-
porting them have varied. These cases highlight 
both the importance of clear documentation and 
evidence of intent consistent with applicable state 
law, and the reality that cryopreserving gametes 

3 Embryo and gamete losses, mix-ups, or damage cases 
are beyond the scope of this chapter; however, it 
should be noted that in the event of any such cases, 
the measure of damages for oncofertility patients 
who cannot readily replace any lost, damaged, 
discarded, or misused genetic material is likely to be 
higher than other scenarios. Both reported cases and 
damages amounts are difficult to identify since most 
cases are resolved through confidential settlement 
agreements.
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instead of embryos would alleviate the depen-
dency and vulnerability of patients to their former 
partners under future circumstances.

In 1992, the first, seminal case of Davis v. 
Davis, was decided by the Tennessee Supreme 
Court. Davis addressed a divorcing couple’s dis-
agreement over embryo disposition where the 
wife first sought to use, and ultimately to donate 
to another couple, remaining cryopreserved 
embryos contrary to the husband’s wishes [24]. 
Because the parties had not entered into a dispo-
sitional agreement at the clinic, the court per-
formed a balancing test based on each individual’s 
constitutional right to privacy. The court found 
that the burden of unwanted genetic parenthood 
for the husband outweighed the wife’s interest in 
allowing another couple to use the embryos, and, 
in the absence of an agreement to the contrary, his 
right not to procreate should trump her right to 
procreate [25]. The court took note that the wife 
had the capacity to have genetic children through 
IVF if she so chose [25].

Since 1992, a myriad of appellate courts have 
applied a variety of legal rationales to come to 
similar outcomes under their state law [26]. One 
often cited case is A.Z. v. B.Z., where the 
Massachusetts Supreme Court, that state’s highest 
court, found that even though a former married 
couple had signed several agreements with their 
IVF program stating the wife would be given the 
embryos if the couple “separated”, any agreement 
that resulted in forced parentage was void as 
against public policy [27]. The New Jersey 
Supreme Court followed and cited A.Z. in the case 
of J.B. v. M.B., allowing an ex-wife to veto her hus-
band’s desire to donate their unused embryos 
[28]. Interestingly, that court noted that even if 
legal parentage would be transferred to the recipi-
ents, forcing unwanted biological parentage would 
be an unfair burden on the woman [29].

Not surprisingly, a number of embryo dis-
putes involve cancer survivors, since patients who 
still have a future opportunity to have biological 
children would likely choose to produce more 
gametes or embryos rather than embark on pro-
tracted, expensive, and uncertain court battles. 
Although few appellate courts have done so, some 
lower courts have expressed sympathy toward a 
cancer survivor with only “last chance embryos” 
and, at least absent signed documents opposing 
such an outcome, have granted use over a former 
partner’s objections. The following cases illustrate 

courts’ varying approaches and the critical role 
enforceable agreements can play.

A 2012 Pennsylvania trial court in Reber v. 
Reiss sided with an ex-wife who had undergone 
IVF with her then husband for purposes of fertil-
ity preservation prior to commencing cancer 
treatment and afterward wished to use the 
embryos despite her former husband wanting 
them destroyed [30]. The couple had not signed 
the section of the consent form at the IVF clinic 
that addressed how the embryos would be han-
dled in the event of divorce, so the court balanced 
the interests of both parties as done in Davis v. 
Davis and J.B. v. M.B [31]. The court distinguished 
its case on the grounds that the wife likely had no 
ability to become a biological parent without 
using the embryos, finding that her interest in 
procreation outweighed her ex-husband’s interest 
in avoiding procreation, and also noted that 
Pennsylvania public policy did not prohibit forced 
biological parenthood under the specific circum-
stances of the case [32].

In 2015, the intermediate, Appellate Court of 
Illinois decided Szafranski v. Dunston. The case 
involved an unmarried couple who had been 
together only a short time, the woman was sig-
nificantly older than the man, and the couple had 
undergone IVF as a means of fertility preserva-
tion prior to her undergoing treatment for lym-
phoma which was expected to render her infertile 
[33]. The clinic’s consent form did not specify 
embryo disposition elections in the event the 
couple separated, with the clinic instead believing 
that matter was a distinct legal issue beyond the 
scope of a standard informed consent form that 
needed to be detailed in a separate document pre-
pared by an attorney [34]. The court found that 
there was an enforceable oral contract between 
the parties that the woman could use the embryos 
for procreation without limitation, including if 
they were no longer a couple, and without the 
man’s consent at the time of use [35]. Although 
noting that a balancing test was moot in light of 
its finding of an advance oral agreement regarding 
embryo disposition, the court nonetheless con-
cluded that the woman’s interest in using embryos 
created specifically for the purpose of preserving 
her ability to have a biological child and repre-
senting her only possibility for achieving that goal 
outweighed any subsequently expressed interest 
her ex-partner had in preventing her from using 
them [36].
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A 2015 California trial court case, Findley v. 
Lee, illustrates the impact of a carefully crafted 
dispositional agreement, properly executed in 
accordance with applicable state law. That court 
found conclusive a clinic’s dispositional agree-
ment (distinct from its informed consent related 
to the IVF procedures) in which the couple clearly 
agreed the embryos would be destroyed in the 
event of a divorce, even though the IVF was 
undertaken because of a breast cancer diagnosis 
in an effort to preserve fertility [37]. That court 
carefully reviewed California’s requirements for a 
legal contract, found that the clinic’s form was 
drafted in accordance with the requirements of 
California Health and Safety Code Section 125315 
enacted for the purpose of regulating IVF clinics’ 
dispositional agreements, and thus was enforce-
able as a valid contract [37].

There have been some legislative efforts to 
clarify embryo use and parentage. The 2017 
Uniform Parentage Act (UPA 2017) is a non-
binding, model law which state legislatures may 
choose to enact in its entirety or in part. 
Washington and Vermont have adopted it and 
several other states are considering as of press 
time.4 UPA 2017 addresses situations where a per-
son may enter into reproductive treatment and 
later change his or her mind about proceeding. It 
states that a person who initially consents to par-
ticipate in assisted reproduction with the intent of 
parenting a resulting child may withdraw consent 
before a pregnancy is achieved through an embryo 
transfer procedure [38] and that he or she will no 
longer be deemed the future-conceived child’s 
parent [39]. Because UPA 2017 was drafted as a 
model family law it does not address under what 
circumstances the remaining intended parent 
may or may not use the genetic material.

Legislation enacted in 2018 in Arizona throws 
into question whether even a clear dispositional 
agreement will be honored. That law, which may 
be subject to challenge under constitutional prin-
ciples [40], explicitly gives a divorce court the 

4 UPA 2017 has been adopted in whole or in part by 
Washington state and Vermont, is under consider-
ation in several state legislatures and in April, 2018 
was endorsed unanimously by the National Child 
Support Enforcement Association [NCSEA], Resolu-
tion Endorsing Uniform Parentage Act (2017), 
4/26/18; for text, information, and updates see 
7 http://www.uniformlaws.org/.

authority to provide embryos to “the spouse who 
intends to allow” them to “develop to birth,” 
regardless of any prior consents or agreements 
[41]. The law does not address parentage or best 
interests of any resulting child, and should prove 
problematic for Arizona clinics and patients who 
wish to respectively offer and provide their own, 
deliberate, dispositional choices as to future pro-
creation. The law was enacted in reaction to a law-
suit in which a female cancer survivor lost her 
court case to use cryopreserved embryos where 
she and her ex-husband had agreed such use 
would require their mutual consent [42]. The stat-
ute may not have the intended effect since it favors 
whichever progenitor is more likely to bring the 
embryos to life, an argument any healthy former 
partner can make. The law provides yet another 
example of why storing gametes individually may 
better protect individual procreative autonomy.

28.7  Posthumous Reproduction

ART and posthumous reproduction raise unique 
legal issues. This section will review posthumous 
access to, and use of, gametes or embryos of a 
deceased, and the legal status of any child result-
ing from those gametes or embryos. Beyond the 
scope of this chapter are legal issues presented by 
requests to extract gametes from dead or coma-
tose patients in the absence of explicit prior con-
sent or instructions from those individuals.

28.7.1  Access

For any surviving spouse, partner, or other third 
party seeking to use a deceased’s genetic material 
for procreative purposes, having the deceased’s 
clear, prior authorization during their life in a 
legally recognized, memorialized dispositional 
agreement which clearly reflects their intentions, 
will provide the best assurance of the genetic 
material being used in accordance with those 
expressed wishes, as the cases below illustrate. A 
2018 ASRM Ethics Committee opinion suggests 
that, absent explicit instructions, medical provid-
ers may wish to abide by a surviving partner’s 
request for access but not those from others, fam-
ily or otherwise [43]. Those few state courts that 
have been presented with the issue have empha-
sized the importance of the deceased having 
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 provided, or at a minimum evidenced, such 
authorization during life, as the following cases 
illustrate.

In 2008, the California Court of Appeal 
refused a widow’s request to use her deceased 
husband’s stored sperm from previous IVF 
attempts, instead honoring his intent as indicated 
by his choice in what the court referred to as a 
clinic “consent agreement” that his sperm sample 
be destroyed upon his death [44]. The Court also 
noted that because the deceased was the only pro-
genitor, as the sperm had not been used to create 
embryos, only he had “an interest, in the nature of 
ownership, to the extent that he had decisionmak-
ing authority as to the use of his sperm for repro-
duction” and that the wife’s procreative autonomy 
was therefore not implicated in destroying the 
sperm [45].

The Court quoted and followed a 1993 
California Court of Appeal ruling, Hecht v. 
Superior Court, where the court ruled that a 
deceased’s intent regarding use of his sperm for 
procreative purposes controlled in the disposition 
of his frozen sperm after death, thus allowing his 
girlfriend to use his sperm for posthumous repro-
duction, against his adult children’s wishes [46]. 
The agreement the decedent had signed at the 
sperm bank authorized his sperm samples to be 
released to his girlfriend [47]. Further, his will 
named her as executor of his estate and reiterated 
that she could use the sperm samples for procre-
ation after his death if she so wished [47]. Before 
committing suicide, he wrote a note to his two 
adult children indicating the possibility, and his 
hope, that his current girlfriend would bear his 
child posthumously [48]. The court found that in 
light of the decedent being the proper decision-
maker in regards to his sperm’s use, the Superior 
Court had abused its discretion in ordering the 
destruction of the sperm samples, and further 
noted that posthumous insemination did not vio-
late public policy and should not be prohibited on 
that basis [49].

28.7.2  Legal Parent-Child Status

Another significant legal issue in posthumous 
reproduction is the resulting child’s legal status, 
specifically whether they are legally considered 
the child of the deceased, and thus entitled to sur-
vivorship benefits under federal law. Starting in 

2002, a number of courts confronted such claims 
of parentage, resulting in contradictory decisions 
in accordance with different states’ laws, and in 
2012, the US Supreme Court agreed to take a case, 
Astrue v. Capato, to attempt to reconcile these dis-
crepancies [50].

In Astrue, the Supreme Court answered the 
question of whether a posthumously conceived 
child should be legally recognized as the child of a 
deceased for purposes of Social Security survi-
vor’s benefit entitlements. The Court ruled that 
these federal benefits flow to legally recognized 
dependents, as determined by state intestacy law 
[51]. The decision thus leaves to individual states, 
rather than creating a federal standard, the issue 
of whether or not a child conceived or born post-
humously from the genetic material of a deceased 
domiciliary of that state will be considered a legal 
child of the decedent, eligible to inherit and con-
sequently, entitled to receive federal Social 
Security benefits [52].

State intestacy variations will therefore con-
tinue, as illustrated by two cases from neighbor-
ing states with different outcomes. In 2002, the 
Massachusetts Supreme Judicial Court found in 
Woodward v. Commissioner of Social Security that 
a claimant must prove three elements (assuming 
the claim is filed timely): (1) a genetic relationship 
between the child and the decedent; (2) the dece-
dent unequivocally consented not only to posthu-
mous reproduction; but also to (3) supporting the 
resulting child [53]. The court noted the deceased’s 
silence or ambiguous consent to posthumous 
reproduction was insufficient, and that freezing 
gametes during life did not constitute implied 
consent to procreating posthumously [54]. In 
2007, the Supreme Court of New Hampshire 
came to a different conclusion, finding that “sur-
viving issue” in the state’s intestacy statute refers 
only to children “alive” or “in existence” at the 
time of the decedent’s death, thus excluding by 
definition any posthumously conceived children, 
regardless of the deceased’s consent to posthu-
mous reproduction and intent to be deemed the 
parent of the resulting child [55].

Some state legislatures,5 and UPA 2017, have 
offered clear guidance on this question, with UPA 
2017 stating that a decedent may be considered a 

5 See Astrue v. Capato, 566 U.S. 541, 555 (2012) for 
examples of state statutes addressing inheritance 
rights for children conceived posthumously.

 S. L. Crockin



341 28

parent when: (1) gametes or embryos are trans-
ferred after death where the deceased either con-
sented on the record to posthumous assisted 
reproduction with the intent of being considered 
a parent or this intent is established by clear and 
convincing evidence; (2) the embryos are trans-
ferred within 36 months postmortem; or (3) the 
child is born within 45 months of the decedent’s 
death [56].

28.8  Third-Party Reproduction 
as Affecting Oncofertility/
Fertility Preservation Patients

Third-party assisted reproduction refers to family 
building techniques that include genetic or gesta-
tional contributions from individuals who are not 
intended parents, including sperm, egg, or 
embryo donors, and genetic or gestational surro-
gates, and may offer a path to parenthood for 
some oncofertility patients. While this section 
highlights legal issues specifically pertinent to 
third-party assisted reproduction for fertility 
preservation patients, this is a legally complex, 
often extremely costly, and constantly changing 
assortment of family building options. In addition 
to specific ART law, it can involve health, con-
tract, insurance, conflicts and choice of law, and 
for international arrangements, additional and 
nuanced immigration, citizenship, and health 
insurance laws. Because both ART-related legisla-
tion and case law are extremely fluid and state 
specific, references to any laws in this section 
should be considered illustrative, rather than 
exhaustive and should always be confirmed for 
current accuracy and applicability. Those recom-
mending or considering these options can find 
in-depth legal analysis of third-party family 
building options in numerous articles, and schol-
arly and other resources, and will also want to 
carefully investigate any potential options to help 
ensure patients are working with appropriately 
licensed, independent, ethical, and experienced 
professionals.

28.8.1  Surrogacy

Surrogacy may be an option for female cancer 
survivors who cannot carry a pregnancy, espe-
cially for those with previously cryopreserved 

gametes or embryos. This discussion focuses on 
gestational surrogacy, the more legally secure and 
widely acceptable form of surrogacy, rather than 
genetic (also known as traditional) surrogacy. In 
gestational surrogacy, the gestational surrogate, 
also known as a gestational carrier, undergoes an 
IVF embryo transfer, not using her own egg, and 
thus is not directly genetically related to the 
resulting child. The embryo is either genetically 
that of one or both of the intended parents as pro-
genitors, or may have been donated or formed 
using donor egg and/or donor sperm. Gestational 
surrogacy is governed by individual state laws, 
which vary dramatically across the country. There 
is a growing trend in state laws toward recogniz-
ing gestational surrogacy arrangements as consis-
tent with public policy, and recognizing the 
intended parents as the legal parents of the child 
from or close to the time of birth, at least where 
the arrangements are carried out in accordance 
with legal protections established by applicable 
state statutory or case law [57].

Typically, states permitting gestational surro-
gacy arrangements will have a legal framework 
both for structuring contracts, and for a legal pro-
cess to ensure legal parentage upon the child’s 
birth and ideally have the intended, legal parents’ 
names appear on the child’s initial birth certificate 
[57].6 The agreements may have statutorily 
required components: as one example, UPA 2017 
includes minimum age requirements for surro-
gates, at least one live birth for a surrogate, inde-
pendent legal counsel for each party, agreement as 
to number of embryos to transfer, provisions and 
criteria for any possible selective reduction or ter-
mination, autonomy around pregnancy decision-
making for the surrogate, and clear compensation 
that avoids any suggestion of illegal baby buying 
or selling [39].

Laws addressing parentage orders usually 
involve a court order and judgment of parent-
age effective upon the birth of the child, or 
variation thereof [39], although in some states, 
such as Illinois, there may be an administrative 
process eliminating the need to obtain a court 

6 Examples of states with such legislation include: CA, 
CT (only as to birth certificates), DC, IL, ME, NJ, NV, 
WA; examples of states with similar frameworks 
developed through judicial decisions rather than 
legislation, include MA, CT (only as to agreements) 
and, to a less comprehensive extent, PA.
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judgment [58]. States also vary as to whether or 
not at least one of the intended parents must be 
genetically related to the child by providing 
either eggs or sperm.7

A few states still prohibit compensated surro-
gacy, such as Michigan and New York, or other-
wise have laws making the state undesirable for 
pursuing gestational surrogacy arrangements.8 
Both New Jersey and the District of Columbia had 
long prohibited compensated surrogacy, but in 
2018 both enacted legislation recognizing com-
pensated surrogacy arrangements [59]. New York 
has had legislation introduced and debated for 
over 7 years, with a 2018 bill pending as of publi-
cation time which would allow compensated sur-
rogacy [60]. Interstate arrangements are common, 
but can be legally complex, especially where 
intended parents from “surrogacy unfriendly” 
states work with a gestational carrier who resides 
in a “surrogacy friendly” state in accordance with 
those laws, necessitating experienced ART legal 
counsel to ensure what are applicable laws and 
how to comply with them to protect vulnerable 
parties.

7 Some examples include IL, HI, KS, MA and NC. How-
ever, every surrogacy case, even within a state, can be 
very fact and circumstance-specific, and parties 
should consult with experienced legal counsel before 
proceeding.

8 Michigan Surrogate Parenting Act, § 722.857(2) 
(1988), “A person other than an unemancipated minor 
female or a female diagnosed as being intellectually 
disabled or as having a mental illness or developmen-
tal disability who enters into, induces, arranges, 
procures, or otherwise assists in the formation of a 
contract described in subsection (1) is guilty of a 
felony punishable by a fine of not more than 
$50,000.00 or imprisonment for not more than 
5 years, or both.”; N.Y. Dom. Rel. § 123, “No person or 
other entity shall knowingly request, accept, receive, 
pay or give any fee, compensation or other remunera-
tion, directly or indirectly, in connection with any 
surrogate parenting contract, or induce, arrange or 
otherwise assist in arranging a surrogate parenting 
contract for a fee, compensation or other remunera-
tion, except for (a) payments in connection with the 
adoption of a child permitted by 7 subdivision six of 
section three hundred seventy-four of the social 
services law and disclosed pursuant to 7 subdivision 
eight of section one hundred fifteen of this chap-
ter; or (b) payments for reasonable and actual medical 
fees and hospital expenses for artificial insemination 
or in vitro fertilization services incurred by the 
mother in connection with the birth of the child.”

Both the laws and practices surrounding ges-
tational surrogacy are complex and constantly 
changing, and medical providers should recom-
mend their patients consult experienced ART 
attorneys specializing in, or knowledgeable about, 
surrogacy in the relevant jurisdictions to under-
stand the nuances of this option. To complicate 
matters, in some states, statutory and common 
law may be silent on the subject of surrogacy, nei-
ther establishing a legal framework for pursuing 
such arrangements nor prohibiting them [57]. 
International surrogacy exponentially increases 
these complexities, and requires sophisticated 
knowledge and advice of not only current surro-
gacy law, but immigration and citizenship laws.

Would-be parents via surrogacy will also want 
to be vigilant and informed as to the potential for 
conflicts of interest among ART professionals, as 
well as the availability or nonavailability of insur-
ance for related healthcare expenses, and possible 
protections such as third-party escrow accounts to 
hopefully protect the extraordinary costs and 
expenses that can be associated with this family- 
building option. Experienced ART attorneys 
licensed in the appropriate state, states, or coun-
tries should have the requisite knowledge, skill, and 
professional independence to structure and negoti-
ate, with independent counsel for each party a 
legally compliant and well-thought-out contract to 
minimize the vulnerabilities that can surround the 
surrogacy process, to counsel as to expenses and 
minimizing financial risks, and to advise their cli-
ents where and how a surrogacy arrangement may 
be entered into as legally secure as possible for all 
parties involved, including the resulting child [61].

28.8.2  Donor Sperm

For male cancer survivors who are not able to pro-
duce or store sperm before treatment, sperm dona-
tion remains an option as it does for female cancer 
survivors without fertile male partners. Unlike egg 
banks, sperm banks with cryopreserved sperm 
have been commercially available for many 
decades. As such, the majority of states have long 
had laws, largely based on earlier versions of the 
UPA, that clarify a sperm donor is not a parent 
[62]. Most of these statutes, however, are limited to 
protecting the paternity rights of the recipient 
male, and predate IVF and cryopreservation. As 
such, few address newer standards of care such as 
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counseling or rights to cryopreserved sperm or 
embryos made with them. For some, family mem-
bers may be an option to consider as a donor. As 
with known egg donors, both medical and mental 
health evaluation and/or counseling should be uti-
lized and are best practices [63]. To ensure all par-
ties understand their roles and obligations, and to 
clarify legal parentage of the intended parents and 
the lack of parentage for the donor, a legal agree-
ment is strongly recommended, and in many 
instances required, by ART clinics.

28.8.3  Donor Eggs

Given the relative newness of egg donation and 
even more recently cryopreserved egg banking, 
there are fewer statutes explicitly addressing the 
legal status of egg donors, banked donor eggs, or 
embryos created from donated eggs. In approxi-
mately 14 states9, and in UPA 2017 [64], laws seek 
to clarify the legal parent-child status of children 
born via egg donation, and the non-parental sta-
tus of egg donors. Very little law exists in the 
United States on whether a donor has a right to 
change their mind over donated but as yet unused 
and unfertilized, cryopreserved eggs or sperm. 
One unusual example can be found in the 
New  York reproductive tissue bank regulations, 
which explicitly require that donors’ informed 
consent include, “a statement that the reproduc-
tive tissue donor has the right to withdraw his/her 
consent to donation up until such time that a spe-
cific recipient has begun an assisted reproduction 
cycle in reliance on the availability of tissue from 
that donor.” [65] What constitutes reliance, or 
how far such a regulation extends when a 
New York donor’s frozen gametes may be shipped 
and used in other states is not addressed.

Egg donors may be family, friends, or com-
mercially matched donors through medical pro-
grams, donor recruiting or coordinating programs 
(sometimes referred to as “agencies” although 
there are currently no licensing requirements), or 
increasingly through egg banks with an inventory 
of frozen eggs. Medical and mental health evalua-

9 While the number is likely to increase as states 
consider adopting UPA 2017 in whole or in part, 
current states with statutes clarifying an egg donor is 
not a parent include: CA, CO, CT, FL, LA, ND, NY, OK, 
OR, TX, UT, VA, WA, WY.

tion for the donor, psychoeducational counseling 
for recipients, and executing documents that 
“define or limit their rights and duties as to any 
offspring” are all part of the applicable profes-
sional guidelines [66]. For matched donors and 
recipients, including commercially matched, fam-
ily and friends, a legal agreement with indepen-
dent counsel for each party may be most protective 
and help avoid later disputes [61]. With  previously 
frozen, banked eggs, without a direct link between 
donors and intended parents, however, there is no 
opportunity for such an agreement.

Egg donation costs may vary depending on 
multiple factors, and no general figures can be reli-
able. Obviously, unpaid donors such as family and 
friends will avoid the costs of donor compensa-
tion, but medical evaluations and testing, medica-
tion, and other costs are still significant. Many 
matching programs and egg banks have websites 
where current and updated estimated costs can be 
found. While much media attention, and criticism, 
has surrounded the potential for compensation to 
be coercive or unduly influential, the reality is that 
those who are close to an intended parent such as 
a family member or friend, can feel pressured or be 
emotionally reluctant, to undertake this process, 
and mental health screening, independent legal 
counsel and an agreement are professionally rec-
ommended protections for all parties [61].

28.9  Minors

With the remarkable advances in cancer thera-
pies, most children and adolescents diagnosed 
with cancer now survive their cancer [67]. 
Survivors may be faced with damage to the repro-
ductive system and resulting impaired fertility 
[68]. For post-pubertal minors, gametes can be 
cryopreserved using the same means as adults, 
with females undergoing hormone stimulation to 
produce multiple eggs for extraction, and resul-
tant time delays for the start of treatment [68] 
have been significantly reduced in recent years. 
For pre-pubertal patients, cryopreservation of 
gonadal tissue may be attempted; although still 
considered experimental, as noted above, ovarian 
tissue cryopreservation is advancing quickly and 
may become standard therapy in the future [69].

The United States Constitution protects the 
right to procreate [70], although this does not nec-
essarily equate to a right to access medical treat-
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ment to aid in procreation. In general, a minor’s 
right to access birth control without the need for 
parental consent is recognized by the majority of 
states [71]. The US Supreme Court has also recog-
nized minors’ rights not to be forced to carry a 
pregnancy by a parent or guardian, and the US 
Supreme Court has recognized judicial review 
procedures to protect minors if their parents 
refuse to consent to, or a minor is unwilling to 
involve her parents in, an abortion she seeks [72].

Several legal, and intertwined ethical, issues 
arise in the context of fertility preservation for 
minor patients, including their capacity to legally 
consent and whether the offered fertility preser-
vation procedure offers them a realistic, potential 
benefit [73]. For minor patients whose prognosis 
for survival is either extremely poor or whose 
only treatment option may be experimental, such 
as cryopreservation of gonadal tissue, the poten-
tial benefit, a core principle of informed consent 
law, may be speculative [5]. Yet, given rapid and 
anticipated developments in fertility preservation 
treatment options and ART generally, it may be 
reasonable to assume cryopreserved tissue or 
other experimental options will become the future 
standard of care by the time these patients reach 
child-bearing age.

Since generally, minors are not considered 
legally competent, they cannot give or withhold 
consent to medical treatment but must rely on 
their parents or guardians to legally consent to 
such treatment by proxy. In such cases, while 
“assent” by the minor child is often sought, it is 
not legally sufficient to consent to treatment [74]. 
Under the “mature minor doctrine,” many states 
have statutes that allow minors, on a finding of 
sufficient maturity, to give legally effective consent 
to medical treatment.10 However, these statutes 

10 See, e.g., ALA. CODE §22-8-4 to 6 (authorizing minors 
at least 14 years old to consent to any medical 
treatment; authorizing all minors to consent to 
treatment related to pregnancy, sexually transmitted 
diseases, as well as chemical dependency); CAL. FAM-
ILY CODE §6920–§6929 (authorizing minors at least 
15 years old to consent to most medical treatment; 
authorizing minors at least 12 years old to consent to 
certain treatments for mental health, substance 
abuse, as well as the diagnosis and treatment of rape 
and of communicable diseases); MD. CODE ANN., 
HEALTH-GEN. §20-101-104, (authorizing minors at 
least 17 years old to consent to treatment of 
substance abuse, sexually transmitted diseases, 
pregnancy, contraception, and rape exams; authoriz-

may require that minors have attained a certain 
minimum age and may be applicable only to spe-
cific treatments, therefore not necessarily pertain-
ing to the fertility preservation context described 
herein. For mature minors, however, the recogni-
tion of relatively broad authority to make deci-
sions about their reproductive health noted above 
should support their ability to make fertility pres-
ervation decisions in the oncofertility context

Parental consent in the context of fertility 
preservation can raise unique concerns since a 
choice to preserve fertility may provide a poten-
tial benefit for the parent but not the child if the 
child does not survive treatment. Parental deci-
sionmaking in healthcare in general follows one 
of two possible standards. The first requires par-
ents to make a decision that is in the best interests 
of the child [75]. While a parent may decide that 
it is in their child’s best interest to undergo fertil-
ity preservation treatment to produce gametes for 
the child’s future procreative use, that would not 
include a decision to preserve their child’s gam-
etes for their own potential use should their child 
not survive his or her cancer treatment. 
Alternatively, the “substituted decisionmaking” 
standard would require the decisionmaker to 
attempt to determine what the patient would have 
chosen if competent, taking into consideration 
their previous or known behavior, wishes, values, 
and goals, and make a decision based on that 
information [76]. Applying this standard to 
minors has been criticized, as decisionmakers can 
merely speculate as to what a child would do if he 
or she was an adult, since the child has never been 
legally competent [77]. Moreover, parents may be 
strongly influenced by their beliefs or hopes for 
what their child would do if he or she were legally 
capable of giving consent [77]. In the context of 
assisted reproduction options, a parent might feel 
their child would want to donate or provide his or 
her own gametes to the parent for their own use 
or otherwise. 11 [78].

ing minors at least 16 years old to consent to 
treatment of mental or emotional issues).

11 For an example of such a parental request for an 
incompetent, adult patient, see Greer et al., “Case 
21-2010: A Request for Retrieval of Oocytes from a 
36-Year-Old Woman with Anoxic Brain Injury.” N Engl J 
Med 2010;363:276-83. The author has been involved 
in several such requests on behalf of minors and 
incompetent adults that were resolved without 
reported or published litigation.
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Because of such concerns, it has been the 
author’s position in developing protocols with 
various IVF programs that to avoid this issue and 
potential pressure, protocols for cryopreserving 
minors’ gametes should not include a disposi-
tional option for donating unused gametes to 
third parties for procreation, a common option 
for adult patients. Assuming survival, minor 
patients have the option to update their forms 
upon reaching maturity to include all disposi-
tional options available to adults. In addition, and 
while there is no reported law on this question, a 
conservative approach to further respect the pro-
creative autonomy of minor patients would also 
preclude parents or guardians from consenting to 
destroying or donating to medical research their 
child’s reproductive tissue, except in the event of 
the minor’s death.

Finally, whether parental failure to preserve a 
minor’s reproductive capabilities could be com-
pared to active sterilization prohibited by the 
Constitution is unknown, including whether a 
future court faced with such a case might define 
an obligation on the part of parents or healthcare 
providers to preserve fertility in minor children 
facing iatrogenic infertility [73]. If and when cer-
tain techniques for preserving fertility in children 
become the standard of care, this legal obligation 
might become a more likely possibility.

28.10  Conclusion

Given the swift pace of medical advances in both 
cancer treatment and reproductive medicine, it 
will be a continuing challenge for the law to keep 
pace with the myriad of legal aspects they engen-
der. This chapter provides a snapshot-in-time, 
and can neither predict future changes or exhaus-
tively address all the nuanced legal aspects of fer-
tility preservation. Clinicians and patients will do 
well to recognize that, as possible treatment and 
family-building options expand, standards of care 
are likely to change and the law will undoubtedly 
need to keep pace.

For the present time, a few legal principles can 
be articulated. First, it seems advisable for 
patients – single or partnered and post-pubescent 
minors as well as adults – to cryopreserve gametes 
rather than embryos, at least where clinics have 
demonstrated proficiency in both. Second, con-
sents should be up-to-date, reviewed regularly, 

and adhere to current applicable state law. Third, 
legal agreements as contracts may be more pro-
tective of patients’ choices than informed con-
sents for both the disposition of their 
cryopreserved genetic material and posthumous 
reproduction, and such documents should also be 
reviewed regularly and adhere to current applica-
ble law. Fourth, third-party ART presents both 
exciting and legally complex opportunities to 
expand family building and should be approached 
with caution and appropriate professional guid-
ance. Fifth, the processes of obtaining legal 
informed consent to medical treatment for minors 
and adults may each require distinct protocols. 
Sixth, documented recommendations that 
patients consult with independent, experienced 
legal professionals in many of these scenarios 
would be protective of all involved. Lastly, medi-
cal advances will continue to both offer exciting 
new possibilities for future biological parentage 
and at the same time challenge existing legal pro-
tections and frameworks, necessitating continued 
vigilance by both oncology and fertility providers.

 Review Questions and Answers

 ?  Q1.  What are the key differences in 
informed consent and contracts and 
the role each plays in assisted 
reproduction?

 v  A1.  Increasingly, embryo or gamete 
disposition decisions are viewed as 
contractual decisions, and agreements 
recorded between two patients may 
be more protective of their choices, 
and less likely to be subject to a 
change of mind, than a traditional 
informed consent process and 
document.

 ?  Q2.  How is fertility preservation legally 
different for minor than adult 
patients?

 v  A2.  Given minors’ general lack of capacity 
to legally consent, parental consent 
must be limited to the minor patient’s 
best interests and protocols should 
offer more limited posthumous 
options than adults.
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 ?  Q3.  How should oncofertility patients 
considering surrogacy or other 
third-party assisted reproduction be 
counseled?

 v  A3.  Given the complexities and variability 
inherent in this process; physicians 
should stress the importance of 
patients relying on experienced, 
ethical, objective, and jurisdictionally 
appropriate legal professionals, 
recognizing that international 
arrangements add increased 
uncertainties around immigration, 
citizenship, genetic make-up, and 
health costs.

 ?  Q4.  Legally, how can the consent process 
for adult fertility preservation patients 
be enhanced?

 v  A4.  Given advances in egg freezing, 
moving counseling and informed 
consent from couples counseling and 
consenting around embryo freezing, 
to individual counseling, 
decisionmaking, and consenting 
around the relative legal and medical 
advantages of freezing embryos or 
gametes will enhance future 
family-building protections.
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Key Points
 5 Adoption is a family building option for 

cancer survivors who want to have a 
child, but are infertile or choose not to 
have a biological child.

 5 Many young adult cancer survivors 
report an interest in adoption, but do 
not receive information about adoption 
from their healthcare teams.

 5 Barriers to pursuing adoption include 
high financial cost, challenges navigat-
ing widely variable adoption processes 
and regulations, and uncertainty about 
whether they would be perceived as a 
good candidate by adoption agencies.

 5 Oncology and reproductive health teams 
can support their cancer survivor 
patients by providing culturally sensitive 
education and counseling to help them 
make informed decisions and prepare for 
the potential complexities and chal-
lenges of pursuing adoption.

29.1  Introduction

Many cancer survivors wish to have children, 
and may choose to pursue adoption because they 
are unable to have biological children or because 
it is their preference. While adoption is often 
part of a broader discussion about family-build-
ing after cancer, there is limited research on can-
cer survivors’ interest in, and concerns about, 
adoption. There is evidence that many young 
adult cancer survivors want to learn more about 
adoption. In one survey, 44% of survivors 
expressed a need for information about adoption 
services [1]. Another study reported that over 
60% of female cancer survivors would adopt if 
they were unable to have biological children [2]. 
Among reproductive-aged women in the general 
population, 25–40% say that they have ever con-
sidered adoption [3, 4], although only about 20% 
of them take steps to adopt [4]. In a survey of 
female cancer survivors 18–35  years of age, 
81.6% (95% CI 75.7–87.6) reported that they 
would consider adoption compared to 40.3% 
(95% CI 40.3–40.3) of women in the general 
population [5]. In this same survey, only 44.2% 
of the sample reported that they would have 

 considered adoption before their cancer diagno-
sis, suggesting an increase in willingness to con-
sider adoption after cancer.

Many reproductive-aged cancer survivors 
may consider adoption a more viable option than 
biological parenthood for a number of reasons, 
including the potential impact of pregnancy and 
hormones on their personal health, infertility as a 
result of their cancer treatment, and concerns 
about the health of biological children born after 
cancer and cancer treatment [2, 6, 7]. Other fac-
tors that may influence decisions about pursuing 
adoption include the desire to avoid additional 
invasive medical treatments, the expense of fertil-
ity preservation and/or assisted reproductive 
technology (ART), being a poor candidate for 
ART, cultural and religious values, and perceived 
societal benefit [8, 9].

29.2  Concerns and Barriers 
to Adoption

Despite interest in adoption, research indicates 
that survivors also have concerns. In a survey of 
163 female cancer survivors age 18–35 years, 85% 
of cancer survivors reported at least one concern 
about adoption. The most common concerns 
were preference for biological child (48%), 
expense (48%), worry about not being perceived 
as a good candidate by adoption agencies (41%), 
needing more information (39%), and worry 
about personal health negatively impacting their 
ability to raise a child (25%). Other concerns 
included the health of the adopted child (20%), 
possible legal problems (20%), and the time and 
effort required to adopt (16%) [5]. There is also 
variation in the way infertility and adoption are 
viewed by people from different racial, ethnic, 
cultural, and socioeconomic groups, which could 
impact support for, and decisions about, pursuing 
adoption [9]. Survivors who are considering their 
family-building options would benefit from cul-
turally sensitive communication with their 
healthcare providers regarding the process and 
cost of adoption.

There is also evidence of system-level barri-
ers to adoption and discrimination against can-
cer survivors navigating the adoption process. 
In a pilot survey of 7 adoption specialists, 6 
international adoption agencies, and 11 cancer 

 J. R. Gorman et al.



351 29

organizations, all of the adoption agencies 
reported that many countries view a history of 
cancer as a contraindication to adoption. 
Furthermore, all of the adoption specialists 
reported that many birth parents would be 
afraid to place their child with a cancer survivor 
[10]. A qualitative study involving nurse inter-
views of adoption agencies about the adoption 
process for cancer survivors identified several 
potential barriers, including high cost (typically 
$20,000–$30,000), requirements for physician 
letters attesting to the health of the adopting 
parent, and significant wait times. The study 
also reported that a candidate’s medical history 
may or may not be shared with birth mothers, 
and that this history could influence her deci-
sions in selecting adoptive parents [11]. An 
analysis of domestic and international adoption 
agencies found various types of discrimination 
in the adoption process for people with medical 
conditions such as cancer at state, national, and 
international levels. While there is no specific 
legislation prohibiting cancer survivors from 
adoption in the United States, this analysis iden-
tified wide variability in the way that states and 
adoption agencies make decisions about placing 
children, which often put cancer survivors at a 
disadvantage [12].

29.3  Quality of Life Implications

There may be significant quality of life implica-
tions of whether and how parenthood is 
achieved after cancer. In a study of long-term 
female cancer survivors who wanted a child at 
the time of their diagnosis, those who remained 
childless were most distressed about infertility 
and had more infertility-related traumatic 
symptoms than those who had biological chil-
dren. Those with non- biological children (i.e., 
those not genetically related to the mother) 
were less distressed than those without children, 
but more distressed than those with biological 
children [13]. Adoption may not always be pos-
sible, which could result in additional trauma 
from unsuccessful adoption, in addition to can-
cer diagnosis and infertility. However, the tran-
sition to parenthood after adoption may be 
easier for cancer survivors than the general 
population [14].

29.4  Considerations for Healthcare 
Teams

While adoption is a rare event with multiple influ-
encing factors and challenges, it may be an even 
more complex process and decision for those with 
a history of cancer. As such, it is important for 
healthcare teams to be prepared to discuss adop-
tion with their patients, particularly the chal-
lenges and complexities of this process, while also 
taking into consideration cultural and religious 
values that could impact perceptions about 
family- building and adoption [9–11]. Adoption is 
briefly mentioned in the American Society of 
Clinical Oncology guidelines on fertility preser-
vation for patients with cancer, but no specific 
recommendations or details on discussions about 
adoption are provided [15]. Typically, survivors 
must be cancer free for 5  years before pursuing 
adoption, although this may vary by adoption 
agency and circumstance. All potential adoptive 
parents must undertake an extensive home study 
by a social worker or other professional, who will 
visit the home and conduct interviews with the 
potential adoptive parents. This process can take 
6 months or more to complete, before applicants 
are approved for adoption. The home study also 
includes a medical form, which may ask if poten-
tial adoptive parents have had a life-threatening 
disease such as cancer. The process requires doc-
tors to complete a form detailing diagnosis, treat-
ment, and prognosis, and possibly to provide a 
detailed letter. Patients and healthcare profession-
als can access general information about adoption 
from The National Infertility Association [19] and 
Academy of Adoption and Assisted Reproduction 
Attorneys [20].

Because of significant differences between 
adoption processes, regulations, and resources in 
different states and countries, there is a need for 
oncology and reproductive healthcare teams, 
including physicians, nurses, social workers, and 
other allied health professionals, to be able to 
access and share resources and information rele-
vant to their cancer survivor patients. The 
American Society of Reproductive Medicine has 
patient materials on adoption considerations 
[16], the Oncofertility Consortium maintains a 
list of Cancer Friendly Adoption Agencies [17], 
and Fertile Action offers information and 
resources about adoption on their website [18]. 
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Healthcare teams may also contact local adoption 
agencies for resources and information. However, 
there remains a need for curated educational 
materials for cancer survivors and clinical guide-
lines on when and with whom to discuss this 
option.

29.5  Conclusions

Many cancer survivors are interested in learning 
more about adoption as a family-building option. 
However, they also express concerns about adop-
tion and face financial and system level barriers. 
Oncology and reproductive health teams can sup-
port their cancer survivor patients by providing 
culturally sensitive education and counseling to 
help them make informed decisions and prepare 
for and navigate the potential complexities and 
challenges of pursuing adoption. There are some 
resources available, but more detailed guidance 
for healthcare providers to facilitate culturally 
sensitive, patient-centered communication and 
recommendations regarding adoption would be 
beneficial.

 Review Questions and Answers

 ? Q1.  Name one concern that cancer 
survivors have expressed about 
adoption.
(a) Cost
(b) Lack of information
(c) Worry about not being perceived 

as a good candidate
(d) Personal health concerns about 

raising a child
(e) Preference for a biological child
(f ) Possible legal problems
(g) Time and effort to adopt
(h) All of the above

 v  A1. (h)

 ?  Q2.  Are adoption processes and 
regulations consistent across agencies, 
states, and nations?

 v  A2. No

 ?  Q3.  Must all cancer survivors undertake an 
extensive home study process before 
pursuing adoption?

 v  A3. Yes

 ?  Q4.  Name one resource relevant to cancer 
survivors interested in finding out 
more about adoption.
(a) American Society of Reproductive 

Medicine
(b) Oncofertility Consortium
(c) Fertile Action
(d) The National Infertility Association
(e) Academy of Adoption and 

Assisted Reproduction Attorneys
(f ) All of the above

 v  A4. (f )
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Key Points
 5 Whereas age and prognosis may 

sometimes be ethically relevant factors 
in who should be offered fertility 
preservation, marital status, sexual 
orientation, and gender identity should 
not.

 5 The author argues that fertility preserva-
tion should be covered by insurance 
because other iatrogenic conditions 
already are.

 5 Healthcare professionals should discuss 
fertility preservation with patients, 
regardless of their financial circum-
stances.

 5 Disputes over frozen reproductive 
material can be minimized, and even 
prevented, if people have written 
documentation of their wishes before 
undergoing fertility preservation and if 
people freeze gametes rather than 
embryos.

30.1  Introduction

The goal of this chapter is to examine some of the 
ethical concerns that arise in the interdisciplinary 
field of oncofertility. Specifically, I will address 
three commonly asked ethical questions: (1) Who 
should be offered fertility preservation? (2) Who 
should pay for fertility preservation? and (3) How 
should disputes over frozen gametes, embryos, 
and gonadal tissue (collectively referred to as 
reproductive material) be resolved and prevented? 
Unfortunately, there are not always easy and uni-
versal answers to these questions. As with other 
aspects of patient care, we need to consider each 
patient and make a case-by-case judgment.

30.2  Who Should Be Offered 
Fertility Preservation?

30.2.1  Age

Offering medical treatment to minors raises a 
number of ethical concerns—too many to con-
sider here—so instead, I will focus on the ethical 
concerns specific to fertility preservation. If a girl 
has reached puberty, then it is feasible for her to 

undergo controlled ovarian hyperstimulation 
with hormones to produce mature eggs for cryo-
preservation or “banking.” However, some girls 
may not yet be emotionally mature to handle the 
medical procedure of egg removal. For example, 
the vaginal ultrasounds necessary to identify 
mature oocytes for retrieval may be traumatic to a 
girl who is not sexually active and/or has not yet 
had a gynecological visit. In addition to emotional 
issues, there is also a concern about health risks, 
particularly those associated with ovarian hyper-
stimulation, in someone so young.

If a boy has reached puberty, then sperm 
banking is a relatively easy and established 
method of fertility preservation. Yet, some 
postpubertal boys may not have experience 
masturbating or have not been able to achieve 
orgasm. Discussing masturbation can be diffi-
cult and awkward, as most boys will probably 
be embarrassed, especially if their parents are 
present. Parents too can often feel embarrassed 
and may not be comfortable discussing their 
son’s sexuality. Depending on their cultural and 
religious beliefs, the parents may believe mas-
turbation is a sin or that sexual behavior in 
teenagers and/or unmarried individuals should 
not be encouraged.

For prepubertal girls and boys, the only fertil-
ity preservation option available is gonadal tissue 
(or whole organ) banking. This option is consid-
ered experimental and thus should be discussed 
with caution and under IRB approval. Although 
surgical removal of the gonads is a low-risk pro-
cedure, some may be concerned about exposing 
children with cancer to yet another treatment, 
especially one that is experimental and addresses 
with a quality of life issue that probably will not 
affect the children for at least a decade. Yet, oth-
ers argue that children have a right to an open 
future and that in order to uphold their future 
reproductive autonomy, we should preserve their 
fertility [33].

In addition to concerns about offering fertility 
preservation to those on the younger end of the 
age spectrum, there are also concerns about fertil-
ity preservation for those on the older end of the 
age spectrum. For most adult women, fertility 
begins to decrease in their 30s and significantly 
declines after age 37 [12, 15]. Some fertility clinics 
refuse to provide infertility treatment to women 
over 40 using their own eggs because the success 
rate is so low [20]. In order to maintain  
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consistency and to avoid futile treatment, health-
care providers should follow the guidelines set out 
by the American Society for Reproductive 
Medicine (ASRM) regarding age [15]. Since men 
do not experience the equivalent of menopause, 
they are able to reproduce throughout their life-
times; however, studies have shown that the prob-
ability of infertility [12] and the risk of certain 
diseases in children increases with age for men as 
well [18, 30]. Additionally, the mere fact that they 
are able to reproduce does not mean that they 
should. Some have argued that there should be 
age restrictions not just for women but also for 
men when it comes to assisted reproductive tech-
nology due to concerns surrounding life expec-
tancy, overall health, finances, etc. [9].

30.2.2  Prognosis

Fertility preservation for patients with a poor 
prognosis raises a host of ethical issues. Providers 
may worry that discussing fertility preservation 
will give patients false hope about their prognosis. 
In other words, these patients may feel their pro-
viders deceived them by mentioning fertility pres-
ervation, leading them to believe that their 
prognosis is not as bad as they originally thought. 
Yet, at the same time, pursuing fertility preserva-
tion may be a source of hope and happiness for 
patients during difficult times. It may furnish 
them with mental and physical strength [36], 
making them even more motivated to survive for 
the sake of their potential future children. 
Additionally, these patients, and their families, 
may feel a degree of inner peace knowing that part 
of their lives will continue on in the reproductive 
material even if they are never used [27, 34].

Nevertheless, some may argue that, despite 
any personal and emotional benefits they may 
experience, offering patients with a poor progno-
sis fertility preservation options is an unjust allo-
cation of resources. From a utilitarian perspective, 
it does not make sense to devote resources to 
patients who will likely not benefit from them. 
Put differently, resources should be allocated to 
those who have a high probability of a positive 
outcome, which means individuals with a poor 
prognosis should be placed lower on the priority 
list for receiving fertility preservation resources 
than individuals with a good prognosis.

On the other hand, if we take a deontological 
(duty-based, individual rights) approach, provid-
ers have a duty to care for their patients. Not offer-
ing fertility preservation to all of their patients, 
including those with a poor prognosis, may be 
seen as diminishing patient autonomy. According 
to this view, providers should be more concerned 
with the needs and rights of their individual 
patients than with social justice (i.e., fair alloca-
tion of resources).

30.2.3  Marital Status

Some providers have been reluctant to treat sin-
gle individuals suffering from infertility [2, 35]. 
Additionally, many insurance companies and 
state laws mandating insurance coverage of 
infertility treatment limit these services to mar-
ried couples and, furthermore, require that only 
the gametes of the couple be used (i.e., donor 
gametes are prohibited) [4]. In the case of fertil-
ity preservation, denying patients this service 
does not make sense since many of them are 
minors and not legally permitted to be married 
or they are young adults who may see marriage 
as something they are not yet ready for, but they 
would like in the future. Fertility preservation is 
inherently forward-looking; that is, its purpose 
is to take the necessary precautions in order to 
ensure options (namely, genetic parenthood) 
later on in life. Denying patients fertility preser-
vation because they are unmarried at the time 
they seek treatment fails to recognize the future-
oriented nature of fertility preservation treat-
ment and that patients’ marital status may 
change by the time they decide to use their 
reproductive material.

Even if individuals seeking fertility preserva-
tion state that they plan on raising future chil-
dren in a single-parent household, this is not 
sufficient justification to deny them fertility 
preservation. There is an increasing social accep-
tance of single parenthood and various family 
formations [32]. Furthermore, there is empirical 
evidence showing that children raised in single-
parent households are not necessarily disadvan-
taged compared to children in two parent 
households [3, 38]. ASRM states that denying 
assistive technologies based on marital status is 
unethical [2].

Common Ethical Issues in Oncofertility
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30.2.4  Sexual Orientation 
and Gender Identity

Like marital status, some providers may be 
uncomfortable treating LGBTQ (lesbian, gay, 
bisexual, transgender, and queer) individuals for 
infertility treatments [2, 35]. Additionally, some 
providers may not offer fertility preservation to 
LGBTQ individuals because they assume they 
will not be interested in it. This assumption rests 
on a dominant heteronormative and cissexist 
norm that only certain people (i.e. heterosexual 
and cisgender people) are interested in repro-
duction and furthermore will be good parents. 
However, there is evidence that LGBTQ individ-
uals are interested in becoming parents [10] and 
are successful parents [5]. Fertility preservation 
in transgender individuals may raise some 
unique challenges (e.g., exacerbating gender dys-
phoria, gametes not “matching” gender identity) 
[16]. However, these challenges should not be 
grounds to deny fertility preservation to trans-
gender individuals. Indeed, ASRM asserts that 
refusing to provide assisted reproductive tech-
nologies to individuals in the LGBTQ commu-
nity is unjustified [1, 2].

30.3  Who Should Pay for Fertility 
Preservation?

As I have argued elsewhere, I believe insurance 
companies should cover fertility preservation for 
cancer patients [6, 7]. One of the strongest rea-
sons is that insurance typically covers treatment 
for other iatrogenic conditions resulting from 
cancer treatment, including treatment that may 
otherwise be considered elective for conditions 
that “naturally” occur. For example, breast recon-
structive surgery is covered by insurance when 
breast asymmetry (the extreme is the loss or lack 
of an entire breast) is iatrogenic but rarely when 
it is naturally occurring. The Women’s Health 
and Cancer Rights Act of 1998 [39] institutional-
izes the medical realm’s responsibility for iatro-
genic harms by mandating that private health 
insurance companies cover the costs of breast 
reconstruction surgery if they cover the costs of 
mastectomy. As such, breast reconstruction sur-
gery following mastectomy is coded as a cancer 
treatment rather than as an elective treatment. In 

contrast, it is highly unlikely that insurance com-
panies will cover breast surgery to produce sym-
metrical breasts for a woman born with only one 
breast (an extremely remote or even unheard of 
phenomenon) or, as is more common, asymmet-
rical breasts.

The reason for this differential treatment can 
be partially explained by the harm principle and 
causal responsibility: if healthcare professionals 
cause harm—a violation of Hippocratic Oath—
then the medical profession as a whole must 
assume responsibility for alleviating this harm. 
Thus, if a woman has breast asymmetry or only 
one breast due to mastectomy (a medical proce-
dure), the health insurance company should 
cover the expense of “fixing” her breast(s). 
Assuming there are no morally significant dif-
ferences between breast surgery and fertility 
preservation—a claim I support in my previous 
works [6, 7]—insurance companies’ failure to 
cover fertility preservation is unjustified. In 
other words, for the sake of consistency and 
fairness, insurance companies should treat fer-
tility preservation as a treatment for an iatro-
genic condition (infertility) caused by cancer 
treatment.

Assuming insurance companies will not, or 
will only partially, pay for fertility preservation, 
how can healthcare providers help individuals 
afford fertility preservation? One option is not to 
charge patients for the services received; however, 
this may not be within providers’ control, as hos-
pitals and reproductive material storage facilities, 
for example, may still charge fees even if the pro-
vider does not. Furthermore, many of these ser-
vices are quite expensive, and forgoing payment 
may be a financial hardship for providers. Another 
option is for providers to point their patients to 
external resources that provide financial assis-
tance for fertility preservation procedures. 
LIVESTRONG, for instance, offers aid to cancer 
patients who would like to pursue fertility preser-
vation but are limited financially [26]. Providers 
can also refer their patients to institutions that 
offer discounted services, such as Northwestern 
University [37].

Even with financial assistance and a reduced 
price, the cost of fertility preservation procedures 
may still be prohibitive for some patients. 
Moreover, the cost of these procedures does not 
include storage fees and later use of reproductive 
material. Given that patients may have to undergo 
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numerous attempts in order to achieve a preg-
nancy, it is not surprising that the average cost of 
a live birth baby using assisted reproductive tech-
nology is much higher than the average price for a 
cycle of IVF: $41,132 versus $12,513 [11]. Some 
providers may be concerned that discussing fertil-
ity preservation with patients who they know can-
not afford it may be seen by their patients as cruel 
or callous.

Yet, there are several reasons why providers 
should always discuss fertility preservation, 
regardless of their patients’ (presumed) financial 
circumstances. Providers are not privy to their 
patients’ financial status, so determinations they 
make about whether patients can or cannot 
afford fertility preservation are, at best, estimated 
guesses. Even if patients disclose their financial 
circumstances to their providers, providers 
should not make value judgments regarding how 
patients should spend their money (e.g., spend-
ing funds on fertility preservation rather than a 
much- needed new car), as such judgments may 
preclude them from enumerating all of the 
patients’ options. Additionally, providers may 
not be aware of external funds patients may 
receive from family members or others who have 
a stake in their health and the possibility of their 
future reproduction. That it may be difficult and 
upsetting for patients to learn about fertility 
preservation options even though they most 
likely cannot afford them should not affect the 
providers’ decision to discuss those options. 
Giving bad news is an inherent aspect of the 
medical profession. While providers may strug-
gle with sharing bad news with patients, it is 
essential that they do so in order to provide good 
care. Thus, in order to treat patients fairly and to 
provide the best care for all patients, providers 
should not let patients’ finances determine what 
options are presented.

A final reason why providers should always 
discuss fertility preservation is because guide-
lines issued by the American Society for Clinical 
Oncology state that they should: “As part of edu-
cation and informed consent before cancer ther-
apy, 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 specialists” 
[25] (p2917).”

30.4  How Should Disputes over 
Reproductive Material 
Be Resolved and Prevented?

Under the law, gametes and embryos are often clas-
sified as a type of quasi-property [21, 23], and 
people whose genetic material the gametes or 
embryos contain are generally the ones who con-
trol their use and are responsible for them. Gametes 
and embryos can be bequeathed to others upon 
death as part of one’s estate [22]. Unlike most other 
Western countries, the USA permits the sale of 
gametes. Given this legal understanding, disputes 
over reproductive material may have to be resolved 
in court if bioethics consultants or others cannot 
first help resolve the matter. Unfortunately, it is not 
possible to predict the outcome of these court cases 
because there is no set precedent in this matter and 
individual judges have ruled quite differently in 
similar cases [13, 19, 24].

The USA does not permit the same degree of 
commodification of organs as it does gametes and 
embryos. Organs are not viewed as property; 
thus, they cannot be bought and sold [8, 29]. 
However, donors can have some say in how their 
organs are allocated (e.g., a brother choosing to 
donate his kidney to his sister). Because gonadal 
tissue does not fit neatly into either of the two 
existing legal categories for body organs/cells/sys-
tems transplantation—organs or gametes/
embryos—there is no legal precedent upon which 
to draw in disputes over ownership. As I have 
argued elsewhere, gonadal tissue should be legally 
classified similar to gametes/embryos because 
gonads are not currently regulated by the United 
Network for Organ Sharing and because gonads, 
unlike other organs but like gametes, can lead to 
pregnancy [8].

It is best to try to prevent disputes over repro-
ductive material in the first place rather than deal 
with them after they have occurred. There are at 
least two ways to minimize or avoid such disputes. 
First is to encourage individuals to freeze their 
gametes or gonadal tissue rather than creating and 
freezing embryos. Before 2012, egg freezing was 
considered an experimental technology [28], so 
many women chose to freeze embryos rather than 
eggs. Today, however, both egg and sperm freezing 
are considered established technologies, so there is 
no medical reason for women to have to create 
embryos instead of freezing eggs. Determining 
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who should have control over reproductive mate-
rial that contains just one person’s genes is much 
easier than when reproductive material contains a 
mix of two people’s genes. Second, according to 
professional society guidelines, providers, fertility 
clinics, and storage facilities should ensure that 
patient’s document their wishes regarding their 
reproductive material should their circumstances 
change (e.g., divorce, death, incapacitation) [14, 
31]. While written documentation, such as a will 
or advance directive, of one’s wishes will not 
always prevent disputes, both the healthcare sys-
tem and the legal system typically rely on them 
when disputes arise [17, 22].

30.4.1  Minors

Lastly, it is important to recognize the special cat-
egory of minors to prevent disputes between chil-
dren and their parents. Given that reproductive 
material technically belongs to the child, parents 
should not be allowed to use or discard their 
child’s reproductive material before the child 
turns 18. Upon reaching legal adulthood, parents 
should relinquish all rights to the reproductive 
material, and it should be reclassified as the 
“property” of the child turned adult. If a minor 
child passes away, the child’s reproductive mate-
rial should be immediately destroyed or donated 
to science. Parents should not have the option of 
using their child’s reproductive material for repro-
ductive purposes. Indeed, there is consensus in 
the medical community that posthumous repro-
duction by minor children should be prohibited.

30.5  Conclusion

In this chapter, I have raised and addressed three 
common ethical questions in oncofertility, yet 
there are clearly many additional ethical issues. 
Those working in the field of oncofertility, espe-
cially bioethicists, should strive not only to 
address these current ethical issues but also to 
predict future ethical issues and work to mitigate, 
prevent, or find solutions for them. It is also 
important for clinicians to understand the ethical 
issues and anticipate these questions and work 
closely with bioethicists to address their patients’ 
concerns about fertility preservation options.
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 Review Questions and Answers

 ?  Q1.  Circle all of the following that may be 
ethically relevant factors in decisions 
about who should be offered fertility 
preservation.

 (a) Age
 (b) Prognosis
 (c) Marital status
 (d) Sexual orientation
 (e) Gender identity

 v  A1. (a) and (b)

 ?  Q2.  Why does the author argue that 
fertility preservation should be 
covered by insurance?

 (a) It is too expensive for people to 
afford it out-of-pocket.

 (b) Other iatrogenic conditions 
resulting from cancer treatment 
are already covered by insurance.

 (c) It is considered a medically 
indicated procedure.

 (d) All of the above.

 v  A2. (b)

 ?  Q3.  Healthcare professionals should 
discuss fertility preservation with 
patients, regardless of their financial 
circumstances. True or False?

 v  A3. True

 ?  Q4.  How can disputes over frozen 
reproductive materials be minimized 
and prevented?

 (a) Providing written documentation 
before freezing materials.

 (b) Freezing gametes rather than 
embryos.

 (c) Both (a) and (b).
 (d) Neither (a) nor (b).

 v  A4. (c)
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Key Points
 5 Collecting sexual orientation and gender 

identity are important aspects of quality 
care.

 5 The LGBTQ community experiences 
stigma in society and healthcare.

 5 LGBTQ patients with cancer are inter-
ested in having families.

 5 Providers should not assume patients are 
cisgender or heterosexual.

 » Laura 33 years old, is seeing oncologist Dr. 
Smith to discuss results of her recent biopsy. Dr. 
Smith has reviewed Laura’s social and medical 
history, which includes a previous benign 
biopsy for testicular cancer and says, “Your 
name is Laura? That’s an unusual name for a 
guy.” The patient responds, “I identify as female 
and chose the name Laura.” Dr. Smith, uncertain 
of how to respond, proceeds to explain the 
cancer diagnosis. “You have colorectal cancer 
and your treatment will include both alkylating 
agents and radiation. This type of treatment 
can render you sterile but that is probably not a 
concern with folks like you. “Laura responds, 
“Why would you say that? I’ve always wanted 
to have children.” Dr. Smith, still uncertain how 
to address his patient says “I’m going to call my 
nurse in here to talk to you; her son is gay and 
she knows more about this stuff than I do.” 
Laura, reeling from the cancer diagnosis, is 
crying and says with anger “I’m not gay, I’m 
transgender, and I am still a human being.”

31.1   Introduction

The lesbian, gay, bisexual, transsexual/transgender, 
and queer/questioning (LGBTQ) population is an 
understudied and underserved community often 
referred to as sexual and gender minorities [1]. The 
labels “lesbian, gay, and bisexual” refer to sexual 
orientation [2, 3]. The term “transgender” refers to 
a gender identity where an individual does not 
identify with the sex assigned to him or her at birth 
(i.e., biological sex) [2, 3]. The labels “queer” and 
“questioning” may be used to refer to either sexual 
orientation or gender identity [4, 5]. There are sev-
eral other terms associated with this community 
(e.g., “gender fluid, genderqueer, two- spirit”) as 

well as nomenclature used within these groups that 
is typically not acceptable to be used by nonmem-
bers (e.g., “dyke”) [6, 7]. It is estimated that 3–12% 
of the US population identifies as gay, lesbian, or 
bisexual and 1–3% are transgender [8].

Each of the subpopulations under the term 
sexual and gender minorities is likely to be unique, 
with varied health risk factors, communication 
preferences, and medical and social histories [4, 9]. 
It is common for all LGBTQ communities to per-
ceive discrimination and lack of acceptance by 
society in general and in the healthcare setting in 
particular [4]. Several recent studies have identified 
that LGBTQ patients avoid preventive healthcare 
due to fear of perceived discrimination or because 
they cannot find an LGBTQ-friendly provider [1, 
10–16]. LGBTQ individuals experience a variety of 
health disparities including higher rates of suicide 
attempts, higher prevalence of mental health issues, 
and increased risk for certain cancers [17–22].

31.2   LGBTQ Populations and Cancer

Because LGBTQ status is not collected in national 
surveys and registries [23], at present there are 
limited published data on cancer rates in LGBTQ 
populations [19, 24, 25]. As such, the cancer bur-
den among the community is not known despite 
researchers utilizing novel approaches to estimate 
prevalence, density, incidence, and mortality of 
cancer among sexual minorities [26–29]. A recent 
review by Quinn et al. [19] synthesized the cur-
rent literature on seven cancer sites that may dis-
proportionately affect LGBTQ populations, 
specifically cancers of the anus, breast, uterine 
cervix, colon, endometrium, lung, and prostate. 
The authors noted that cancer health disparities in 
the LGBTQ community are likely attributed to 
multiple elements including social and economic 
factors, lower rates of access to healthcare and 
screening, and higher rates of risk factors and del-
eterious behaviors [19].

31.3   Disclosure of Gender Identity 
and Sexual Orientation 
in Healthcare

The increased risk for cancer among LGBTQ 
individuals are further exacerbated by nondisclo-
sure of gender identity and sexual orientation by 
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patients and failure to inquire by providers, which 
can lead to failure to screen, diagnose, or treat 
important medical problems [30–36]. The 
American Academy of Pediatrics, the American 
Medical Association, and the Society for 
Adolescent Health and Medicine all recommend 
providers discuss sexuality with all adolescents 
and offer nonjudgmental communication about 
sexual orientation [33, 37–39]. Patient disclosure 
of sexual orientation is associated with increased 
patient satisfaction and improved quality of care 
[33]. The majority of studies on LGBTQ disclo-
sure have focused on older adults. Quinn et  al. 
[40] surveyed 632 LGBTQ individuals, with a 
mean age of 58, about experiences with healthcare 
providers and reported 67% always or often dis-
closed their status to their provider. Further, less 
than 10% had ever experienced discrimination in 
a healthcare setting [40]. In a study of 291 LGBT 
patients with cancer, with a mean age of 62, 79% 
reported disclosing their identity to their cancer 
provider; 34% reported making this disclosure to 
correct a heteronormative assumption [32].

Very little is known about LGBTQ youth, 
especially those with cancer and their healthcare 
experiences [19, 24, 25, 33, 41–43]. The limited 
data that are available suggest younger sexual 
minorities may be less likely to disclose their sex-
ual orientation or gender identity preferences to a 
healthcare provider [9]. A study of LGBTQ 18- to 
23-year-olds without cancer found only 13% had 
disclosed to a provider [33]. This finding is par-
ticularly important given the documented repro-
ductive health needs and concerns regarding 
infertility and fertility experienced by adolescent 
and young adult (AYA) oncology patients [44–
52]. The vast majority of studies focused on AYA 
concerns in these areas have not included assess-
ments of sexual orientation and/or gender iden-
tity. The remainder of this chapter provides an 
overview of the potential unique concerns related 
to fertility.

31.4   Discussion of Fertility 
Considerations for LGBTQ  
AYA Cancer Patients

AYAs with cancer may experience permanent or 
temporary infertility [53–57]. The risk of infertil-
ity depends on a variety of factors such as cancer 
type, stage, chemotherapy regimen and dose, use 

of endocrine therapy, radiation site and dose, 
surgical site, and/or use of bone marrow or stem 
cell transplantation [58–67]. There are several 
excellent reviews that discuss these factors in 
greater detail [68–73]. Generally, younger 
patients are less likely to experience infertility 
[66, 67]. The American Society of Clinical 
Oncology (ASCO), the National Comprehensive 
Cancer Network (NCCN), and the American 
Academy of Pediatrics (AAP) have all issued 
guidelines urging oncology healthcare providers 
to discuss infertility risk and fertility options 
with AYA patients and to refer them to fertility 
specialists [58, 74, 75]. ASCO and NCCN guide-
lines also suggest further reproductive health 
discussions such as the use of contraception and 
referrals to genetic counselors in the case of 
familial cancer syndromes [58, 75].

However, studies suggest these discussions are 
either not occurring, as evidenced by lack of doc-
umentation in the medial record, or not recalled 
by AYA patients, as shown in retrospective studies 
of cancer survivors’ satisfaction with and recall of 
discussion of fertility with oncology healthcare 
providers [76–80]. Several recent studies recog-
nized that discussions with a healthcare provider 
about fertility risk, regardless of whether preser-
vation methods were used, were associated with 
higher quality of life (QoL) and less regret than 
patients who did not report such discussions [51, 
76, 81–84].

LGBTQ AYAs with a cancer diagnosis face the 
same serious threats to QoL due to temporary or 
permanent fertility issues as heterosexual and gen-
der-aligned AYA [68, 71, 85–89]. Impaired fertility 
can have a ripple effect on other QoL issues such as 
romantic partnering, body image, and sexuality 
[71, 86]. Although this has not been empirically 
validated in populations with cancer, surveys and 
case studies of men and women with infertility 
issues suggest a relationship between poor self-
image and the inability to procreate/produce bio-
logical children [90–92]. Although many AYAs 
have strong ideas about having children in their 
future, equal numbers may not have seriously 
thought about it, and may not consider it unless a 
healthcare provider brings it up [45, 46, 79, 93–100].

Available studies suggest that sexual and gen-
der minority AYAs with cancer are likely to be 
interested in discussion of fertility preservation at 
similar rates as heterosexual and gender-aligned 
patients. T’Sjoen [87] reported that prior to 
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 initiating cross-sex hormones, some transgender 
persons elect to preserve fertility so that a future 
biological child may be possible. Wierckx [88] 
interviewed 50 transsexual men to identify repro-
ductive wishes; 54% desired children and 37% 
had considered banking sperm prior to beginning 
cross-sex hormones. A single case study of a 
33-year-old gay man with prostate cancer identi-
fied that fertility was a key issue in making his 
treatment choices [89].

While discussing risks of infertility and fertility 
preservation (FP) options is important for this pop-
ulation, it is also important to consider the unique 
psychosocial and developmental issues of LGBTQ 
AYAs diagnosed with cancer. Unique experiences 
and considerations of LGBTQ individuals may 
cause them to have different desires regarding future 
childbearing and thus FP. For example, one trans-
gender male-to-female child desired to have chil-
dren in the future, but not with the sperm that could 
have been stored from her male body [101]. Given 
such situations, it may be useful for healthcare pro-
viders to focus on more diverse family building 
options, rather than solely on biological parenting – 
for example, surrogacy and adoption may be of 
interest to LGBTQ individuals like this child.

Multiple studies of AYA cancer patients and 
survivors have identified several reasons why dis-
cussions about fertility and reproductive health 
do not take place with newly diagnosed patients. 
These reasons include the severity of the cancer 
diagnosis, a provider’s discomfort or lack of 
knowledge on the topic, and a perception that a 
patient is not interested in fertility if he or she 
does not initiate a conversation about it [46, 79, 
93, 94, 98–100]. To date, there have been very lim-
ited studies on LGBTQ AYAs with cancer and 
their fertility concerns, their childbearing inten-
tions, or oncology healthcare providers’ attitudes 
toward recommending fertility preservation to 
these patients. One of the first studies assessing 
oncologists’ knowledge of the need to discuss fer-
tility risks with patients identified many would 
not recommend sperm banking to a gay male 
patient [98]. It is not clear from this study if the 
perception is that gay male patients are perceived 
to be uninterested in having children, or if a value 
judgment is being made that this population 
should not have children.

31.5   Availability of and Challenges 
to Accessing FP and Biological 
Parenting Options for LGBTQ 
AYA Patients

For LGBTQ patients who wish to pursue FP 
options, it is important to consider the unique 
challenges that they may face. The American 
College of Obstetricians and Gynecologists 
(ACOG) acknowledges that lesbian and bisexual 
women experience barriers in the healthcare sys-
tem due to concerns about confidentiality, need to 
disclose, and fear of discrimination [102]. ACOG 
urges providers to consider that any patient, even 
one who is pregnant, may be a lesbian or bisexual 
woman [102]. ACOG also sees refusal to provide 
reproductive health services to same-sex couples 
or transgender individuals as a form of discrimina-
tion [102–104]. The European Society for Health 
Reproduction Ethics (ESHRE) also stresses that 
denying any group access to assisted reproduction 
“cannot be reconciled with a human rights per-
spective” [105]. Yet, a recent study showed sexual 
minority women seek fertility services at half the 
rate of heterosexual women [106]. However, 
Grover et al. [107] report the number of same-sex 
male couples seeking reproductive health services 
has had a 21-fold increase since 2003. Yager et al. 
[108] report that lesbian and bisexual women try-
ing to conceive perceive reduced lack of support 
and heterosexism in fertility healthcare systems.

A survey of 41 transgender men who had 
become pregnant showed 36 (88%) achieved this 
pregnancy through their own oocytes despite hav-
ing used testosterone prior to the pregnancy. Only 
half of the men reported receiving prenatal care, 
and all subjects reported low levels of provider 
knowledge of transgender health. However, what 
the study also reveals is that many transgender 
men who have transitioned socially, and in some 
case medically, still desire a biological child [109].

However, studies of healthcare providers sug-
gest some bias in dealing with LGBTQ patients. A 
study of Canadian providers showed 11% did not 
offer sperm banking to gay men [99]. A study of 
nine transgender individuals living in Canada who 
attempted to use ART reported all had a negative 
experience with providers [110]. A US study of 
obstetrics and gynecology providers revealed 14% 
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would not suggest ART to women in same-sex 
relationships or unmarried women [111]. In a 
2012 analysis of the websites of US fertility clinics, 
11% of clinics did not accept lesbian and single 
women, and only 10% of all clinic websites had an 
explicit nondiscrimination disclosure [112]. 
Several legal studies have examined the juxtaposi-
tion between a provider’s right not to provide 
medical care that he or she deems contrary to 
moral values or conscientious refusal, and discrim-
ination in the context of reproductive medicine 
[113–117]. The AMA guidelines, however, state, 
“Physicians cannot refuse to care for patients based 
on race, gender, sexual orientation, gender identity 
or any other criteria that would constitute invidi-
ous discrimination” [118], nor can they discrimi-
nate against patients with infectious diseases [119].

Ongoing advances in assisted reproductive 
technology (ART) such as uterine transplants for 
successful pregnancy will continue to raise new 
ethical issues about the ability for transgender 
females to carry a pregnancy. For example, 
Murphy [120] explored this ethical conundrum in 
a recent commentary and concluded that there 
are no strong arguments to preclude either the 
state from developing a line of research to explore 
the medical feasibility of this or for a transgender 
woman to pursue a uterine transplant with the 
goal of carrying a pregnancy.

31.6   Policy and Practice

Institutional policies and practices as well as 
healthcare providers’ verbal and nonverbal com-
munication provide a foundation for AYA LGBTQ 
patients to disclose their status [30, 121, 122]. 
Implementing systems-level approaches to rou-
tinely collecting relevant information for LGBTQ 
populations can provide an important starting 
point to facilitate optimal care [30, 122]. However, 
health intake forms with binary categories of gen-
der and sexual orientation may dissuade patients 
from providing this important piece of their 
social and medical history. Inclusive health forms 
allow patients to use their own language to 
describe their gender, romantic relationship, and 
sexual history [30]. For example, the Fenway 
Guide to Lesbian, Gay, Bisexual, and Transgender 
Health suggests providers should consider the 
possibility that “every new patient may have any 
gender identity or sexual orientation or engage in 
any sexual behavior: avoid making assumptions 
based on stereotypes or generalizing from your 
own experience” [123]. As shown in . Table 31.1, 
taking a sexual history can involve multiple ques-
tions that may be different than most providers 
learned in medical school [4, 124, 125]. 
. Table  31.1 provides suggestions for taking a 

       . Table 31.1 Suggested sexual health history questions for face-to-face interview

Partners Are you having sex with women only, men only, or 
both (if both, ask the next question twice – once for 
male partners and once for female partners)?

Practices and past history of STDs What kinds of sex are you having (e.g., oral sex, vaginal 
sex, anal sex, sharing sex toys)?

For transgender patients, younger patients, and 
women who have sex with women, for example, you 
may find that open-ended questions are preferred 
and may bring you more accurate information

What do you do to protect yourself from HIV and STDs?

When was the last time you had unprotected sex?

Protection from STDs In the past year, have you had anal sex (penis in the 
anus/rear end)? Vaginal sex (penis in the vagina)? Oral 
sex (mouth on penis, vagina, or anus)?

Choose questions based on the sex of partners Do you use condoms, never, sometimes, or always, 
when you have (insert type) sex?

Adapted from the Fenway Institute [121]
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       . Table 31.2 Dos and don’ts in taking a sexual history

Do begin with a statement explaining that you ask these 
questions of all your patients and that the questions are 
vital to the patient’s overall health

Don’t make assumptions about past, current, or 
future sexual behavior

Do avoid language that presumes heterosexuality Don’t assume that a person who identifies as 
lesbian or gay has never had an opposite-sex 
partner

Do check yourself for judgmental facial expressions, body 
language, and tone of speech

Don’t assume that an LGBTQ person does not 
have (or lacks the desire to have) children or has 
never been pregnant

Do be prepared to answer questions about STI and HIV 
transmission risk for various sexual activities relevant to 
LGBTQ people

–

Do note that transgender individuals, men who have sex 
with men, and those who engage in high-risk sexual 
activities are at increased risk for contracting HIV and 
certain STIs

–

Do screen and treat according to the CDC guidelines 
(7 www. cdc. gov/std/treatment)

–

Do realize that although STIs are less common among 
lesbians, clinicians should still screen all women for STI risk, 
regardless of sexual orientation. The more sexual partners a 
woman has (female or male), the greater her risk. Bacterial 
vaginosis may be more common in women who have sex 
with women than in the general population

–

Do consider the overall health of patients who present with 
sexual functioning concerns, including their psychological 
status, physical wellness, and relationship health

–

Makadon et al. [123]

sexual history. . Table 31.2 offers considerations 
for healthcare providers when asking these ques-
tions such as examining your own values and 
being aware of nonverbal body language.

The Joint Commission, the Centers for Disease 
Control and Prevention (CDC), and the Institute 
of Medicine (IOM) all recommend sexual orien-
tation, and gender identity should be collected in 
patient medical records [5, 126–129]. CDC and 
IOM further recommend the aggregation of these 
data to ensure these populations are represented 
in clinical research and to reduce health dispari-
ties in the population [5, 129]. . Figure  31.1 
below provides sample wording for the collection 
of sexual orientation and gender identity on a 
medical form.

31.7   Conclusion

Healthcare providers in the oncology care setting 
are increasingly called to understand the unique 
needs of, and provide care to, a diverse patient 
population [19, 130]. While great strides have 
been made over the last decade with respect to 
cultural competence, there is a growing awareness 
that diversity spans beyond minority groups solely 
based on race and ethnicity and includes sexual 
and gender minority groups that have long been 
marginalized in the US healthcare system. Our 
review specifically discusses the challenges of AYA 
LGBTQ patients in the context of cancer- related 
infertility and fertility preservation. However, 
many of the issues and considerations that we 
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have discussed as well as the suggestions we pro-
vide can be used to more broadly impact and 
improve healthcare for sexual and gender minor-
ity groups.

 Review Questions and Answers

 ? Q1.  Individuals in the LGBTQ community 
aren’t interested in having biological 
families. (True or False)

 v A1. False.

 ? Q2.  What are some of the health disparities 
faced by the LGBTQ community?

 v A2.  Higher rates of suicide attempts, 
higher prevalence of mental health 
issues, and increased risk for certain 
cancers.

 ? Q3.  What do inclusive health forms do 
differently to assess sexual orientation 
and gender identity?

 v A3.  Allow patients to use their own 
language to describe themselves 
outside of binary categories.

 ? Q4.  Patient disclosure of sexual orientation 
is associated with greater patient 
discomfort. (True or False)

 v A4. False.
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Key Points
 5 Posthumous assisted reproduction raises 

justice concerns about access, cost, and 
the legal rights of posthumously 
conceived children

 5 It is important to consider the benefits 
and harms of posthumous assisted 
reproduction for the deceased, the 
surviving partner, the surviving family, 
and posthumously conceived children

 5 Written consent regarding posthumous 
assisted reproduction is the best method 
for ensuring that the autonomy of the 
deceased is upheld

 5 Spouse or partner request for posthu-
mous assisted reproduction is the least 
ethically contentious since the couple 
had a joint reproductive project

32.1   Introduction

Cryopreservation of gametes is becoming more 
common with individuals choosing to freeze their 
gametes before cancer treatment, gender- 
affirming treatment, and military deployment or 
in anticipation of age-related infertility. 
Additionally, there are more than 620,000 frozen 
embryos in storage in the United States [6], many 
of which were created by heterosexual couples as 
part of infertility treatment. Given the growing 
number of frozen gametes and embryos, the ques-
tion arises of what should be done with them 
when the people who froze them die. One option 
is posthumous assisted reproduction (PAR), 
which involves using assisted reproductive tech-
nologies (ART) to conceive a child after one of the 
genetic parents has died.

For individuals who have not already frozen 
gametes or embryos, PAR is still possible, but 
posthumous gamete retrieval is required. 
Postmortem gamete retrieval typically occurs 
when there is an unexpected event (e.g., accident, 
sudden illness) leading to the death or imminent 
death of an individual [4]. For example, the first 
reported case of posthumous sperm procurement 
took place in 1980 when a 30-year-old man was in 
a car accident and was declared brain-dead [23]. 
The vast majority of postmortem gamete retrieval 
cases involve men, and one of the first, if not the 

first, cases of postmortem egg retrieval was not 
until 2011 [24]. There are a few reasons for this 
gender disparity in postmortem gamete retrieval. 
First, whereas posthumous sperm retrieval is a 
relatively easy and fast procedure (it usually needs 
to occur within 24 hours of death), posthumous 
egg retrieval is more medically complicated, and 
it can take a couple of weeks to hyperstimulate the 
ovaries and collect mature eggs. Second, in a het-
erosexual couple, if the male partner dies, the 
female partner can carry the pregnancy. If the 
female partner dies, the male partner would need 
to use a gestational surrogate, which creates addi-
tional legal, ethical, and financial considerations. 
Third, empirical studies show that men are more 
willing than women to approve of their partner 
using their gametes posthumously to conceive a 
child [5, 8]. This difference may be explained by 
dominant gender norms, such as the cultural 
expectation that women are the primary caregiv-
ers of children.

Both types of PAR – those involving already 
frozen gametes or embryos and those requiring 
postmortem gamete retrieval  – raise a host of 
ethical issues. In this chapter, I will explore the 
ethics of PAR based on the core ethical principles. 
Then I will examine who should be permitted to 
request PAR. I will draw heavily on the guidelines 
issued by the ethics committees of the American 
Society for Reproductive Medicine (ASRM) and 
the European Society of Human Reproduction 
and Embryology (ESHRE).

32.2   Bioethical Principles

32.2.1   Justice

The ethical principle of justice demands that we 
be fair to the wider community in terms of the 
consequences of an action, especially ensuring 
that risks and benefits are equally distributed. 
One justice concern is that PAR is not equally 
accessible to all people. PAR is illegal in certain 
countries, such as Sweden, France, Germany, 
Canada, and some states in Australia, even if the 
deceased has given consent [2]. In countries 
where it is legal, its availability depends upon the 
institution. Furthermore, since ART, including 
PAR, are often not covered by insurance in the 
United States, PAR may only be within reach of 
individuals who are wealthier and/or have insur-
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ance coverage for ART. A different financial con-
cern with PAR is that it may not be the best use of 
limited healthcare resources, particularly when 
more basic healthcare needs are not met [16].

Another justice concern is that children who 
are posthumously conceived are sometimes 
treated differently under the law, especially 
regarding inheritance. Laws on inheritance vary 
by country and also by state in the United States. 
In 2012, the US Supreme Court ruled unani-
mously in Astrue v. Capato that whether posthu-
mously conceived children were entitled to Social 
Security benefits should be based on state law [1]. 
Some claim it is unfair that children would receive 
fewer rights due to the method or time of their 
conception. ESHRE recommends that posthu-
mously conceived children should be legally rec-
ognized as the child of the deceased parent and be 
able to receive inheritance rights [17].

32.2.2   Beneficence/Nonmaleficence

Beneficence is the ethical principle to promote 
good and nonmaleficence is the ethical principle 
to prevent harm. When considering the potential 
benefits and harms, we should consider the 
deceased, the surviving partner and family of the 
deceased, and the potential future child.

Knowing that PAR is possible may give peace 
of mind to people who freeze their gametes, par-
ticularly those who face life-threatening situa-
tions such as cancer or military deployment. Yet, 
as I will discuss in more depth in the next section, 
if we do not know the wishes of the deceased and 
we proceed with PAR, we risk the harm of violat-
ing the autonomy of the deceased. Furthermore, if 
the deceased has not already frozen reproductive 
material, then gamete retrieval is required and 
this may be seen as a violation of bodily integrity 
[7]. Additionally, we can question whether 
“retrieving sperm from a dying or dead man 
would be in his own interests, as there is no direct 
benefit for him, while there is the possibility for 
harm” [16] (p. 147).

PAR may ease the pain and suffering of the 
surviving partner and family of the deceased. 
Both ASRM and ESHRE recommend a waiting 
period and counseling before surviving partners 
and family seek PAR to avoid hasty decisions 
made out of grief. The majority of people who 
request sperm retrieval following the death of a 

partner do not end up using the sperm for PAR 
[17]. The use of PAR can be contentious and can 
cause disagreements within families. For instance, 
Bill Kane froze his sperm and bequeathed it to his 
girlfriend, Deborah Hecht. After Kane died, his 
adult children from a previous relationship took 
Hecht to court to prevent her from using their 
father’s sperm. Because Kane had provided 
explicit written documentation that he wanted 
Hecht to use his sperm, the court ruled in Hecht’s 
favor [12].

There are ethical concerns that PAR may harm 
potential future children. One concern is that the 
child will likely be raised in a single-parent house-
hold. In response to this concern, ESHRE argues 
“even if single parenthood has a negative effect on 
health and well-being of the child, it is unlikely 
that this effect is of such magnitude that it jeopar-
dizes the reasonable welfare of the child” [17] 
(p. 3051). Another concern is that posthumously 
conceived children will feel stigmatized and may 
suffer psychological stress. There is also the worry 
that the child will be seen as “commemorative” or 
as a “symbolic replacement of the deceased” [17] 
(p.  3052). There is no empirical evidence, how-
ever, to suggest that these concerns are a reality. 
Moreover, it seems reasonable to assume that 
posthumously conceived children are deeply 
wanted and may be cherished by the surviving 
family of their deceased parent.

32.2.3   Autonomy

Autonomy is the ethical principle that we should 
respect the personal decisions of individuals. One 
of the biggest ethical concerns with PAR is 
whether deceased individuals consented to or 
would agree with the use of their gametes posthu-
mously. As John Robertson asserts, “If a person 
becomes a parent after death without his consent 
his reproductive autonomy is altered” [13] 
(p. 434). For many people, genetic reproduction is 
a deeply personal and private decision, one that 
they want to make for themselves and without 
interference from others. While there does not 
exist a positive right to reproduction – a right to 
receive assistance in having a child – in the United 
States, there is a negative right to reproduction – a 
right to avoid procreation. For example, when 
heterosexual couples disagree about how to han-
dle embryos that contain both of their genetic 
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material, courts typically find in favor of the indi-
vidual who does not want to reproduce [14]. 
These rulings show that the US legal system gen-
erally prioritizes the negative right to reproduce 
over the positive right to reproduce. Furthermore, 
the importance of the negative right to reproduc-
tion is also present in Europe, as ESHRE states 
regarding PAR: “Because of the special value of 
autonomy in the context of reproduction, an opt-
ing- in system is preferred to an opting-out sys-
tem” [17] (p. 3051). In short, the worry with PAR 
is that we may violate the autonomy of the 
deceased by using their genetic material without 
their permission.

When individuals are alive and have decision- 
making capacity, it is easy to know what their 
wishes are and to follow them. However, when 
individuals lose capacity or are deceased, it can be 
challenging to determine what they would want 
done in a given situation. While some have 
claimed that the dead no longer have any interests 
[22], most agree that “it is considered disrespect-
ful toward the dead to do things to their bodies to 
which they would have objected when alive” [25] 
(p.  743). In other words, even after people are 
deceased, we still have an obligation to uphold 
their autonomy as best as we can. To do this, we 
first turn to forms of explicit consent, such as 
written documentation (e.g., advance directives) 
or verbal consent given to healthcare providers. If 
they are not available, then we rely on inferred 
consent by asking the proxy and loved ones of the 
deceased individuals to ascertain what their 
wishes would be [25].

When the deceased has provided written con-
sent for PAR, both the ASRM and ESHRE find it 
ethically justifiable1 since we are respecting repro-
ductive autonomy of the deceased. Ideally, indi-
viduals who freeze their gametes or gonadal tissue 
in anticipation of future infertility (e.g., due to 
cancer treatment, gender-affirming treatments, or 
age-related infertility) and heterosexual couples 
who create embryos (e.g., as part of infertility 
treatment) should provide written documenta-
tion outlining what they would like to happen to 
their gametes or embryos when they die. 
Specifically, they should state whether they would 
approve of posthumous reproduction and if so, 

1 Some other conditions have to be met as well for 
these societies to find PAR ethically justifiable.

under what circumstances. ASRM and ESHRE 
both recommend that conversations and consent 
for PAR be included in the informed consent pro-
cess of cryopreserving reproductive material.

While there is a general consensus that PAR is 
ethical when the deceased has written consent, 
there is more ambiguity in the case where the 
deceased does not have any written documenta-
tion. Professional societies disagree: ESHRE 
claims that PAR is only permissible when “written 
consent has been given by the deceased person” 
[17] (p. 3050), whereas ASRM allows for the pos-
sibility of PAR-based on inferred consent, stating 
“in the absence of written documentation from 
the decedent, programs open to considering 
requests for posthumous gamete procurement or 
reproduction should only do so when such 
requests are initiated by the surviving spouse or 
life partner” [7] (p. 1842).

How can we follow the deceased’s wishes if 
there is no documentation? When patients do not 
have capacity, the protocol is to appoint a health-
care proxy, generally a partner/spouse, parent, 
adult child, or another family member. The same 
can be done for cases involving PAR.  Proxies 
should use the substituted judgment standard, 
which means relying on the known values, prefer-
ences, and beliefs of the deceased to make deci-
sions that are mostly likely what the deceased 
would make in that situation. Yet relying on a 
proxy in the case of PAR may be problematic 
because “[i]n some cases, the only evidence of 
their [the deceased’s] wishes will be the testimony 
of a person bearing an apparent conflict of inter-
est, namely the one who wishes to use the 
deceased’s sperm or eggs to reproduce” [7] 
(p. 1844).

It is important to note that evidence that peo-
ple wanted to reproduce while living, including 
freezing reproductive material, does not necessar-
ily mean that they would agree to PAR. According 
to ESHRE, “[t]he presence of cryostored gametes 
or embryos shows that a parental project existed, 
but it does not demonstrate that the deceased 
accepted the continuation of the project after his 
or her death” [17] (p. 3051). A significant reason 
why many people have children is because of the 
relationship they will have with their child; since 
no such relationship exists in posthumous repro-
duction, people may reject it. Furthermore, some 
people may oppose PAR because they are con-
cerned about having their child raised in a single- 
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parent household or worry that their child will 
feel “wronged or stigmatized” [17] (p.  3051). A 
study by Nakhuda et al. found a minority of het-
erosexual couples who are actively trying to have 
children through ART were not in favor of PAR; 
specifically, 22% of respondents opposed or were 
undecided about PAR, and 25% of couples dis-
agreed about PAR [15].

Overall, however, the majority of individuals 
using ART and individuals in the general popula-
tion find PAR acceptable. The vast majority 
(approximately 78%) of couples in the Nakhuda 
et  al. study would consent to PAR [15]. Other 
research examining heterosexual couples using or 
who have already used ART echo these results. 
For instance, Côté et al. looked at PAR in hetero-
sexual couples who had frozen embryos and 
found that 61.8% of women and 73.5% of men 
would allow their partners to use their frozen 
embryos after their death [5]. The American pub-
lic mostly looks favorably on PAR: a study by 
Barton et al. showed that almost 50% of respon-
dents support PAR in both women and men [3], a 
study by Hans and Frey found that around two 
thirds of respondents agree with PAR [10], and a 
study by Hans and Dooley concluded that, 
depending upon the circumstances, between half 
to three quarters of respondents were in favor of 
PAR [9].

In the absence of written documentation, are 
these studies coupled with evidence from loved 
ones that a particular person would have agreed 
to PAR sufficient to allow PAR? Many people, 
especially young people, do not complete 
advanced directives [19] and in the case of a sud-
den, unexpected adverse event, there may not be 
time to obtain written consent. If an entire family 
is in agreement that an incapacitated or deceased 
person would support PAR, then “the insistence 
on prior written consent may seem unreasonable 
or even cruel” [7] (p.  1844). Some bioethicists 
have argued in favor of presumed consent for 
PAR, claiming that the consent of the deceased 
should not be the primary focus; rather, we should 
consider the welfare of the partner and the pro-
spective child as our main ethical concern [26]. 
Israel follows a presumed consent model “based 
on the assumption that a man who lived in a lov-
ing relationship with a woman would want her to 
have his genetic child after his death even if he 
never had the opportunity formally to express 
such a desire” [20] (p. 6).

In the case of minors who have cryopreserved 
reproductive material, there is a consensus that 
PAR is not ethically acceptable because minors are 
not able to consent, as they lack decision- making 
capacity and certain legal rights due to their age. 
We typically understand reproductive material as 
“belonging” to the individual or individuals whose 
genetic material it contains. When parents or 
guardians consent to having their children’s repro-
ductive material banked, they are doing so to secure 
their children’s future reproductive autonomy, not 
so that they can use this material themselves.

32.2.4   Who Requests PAR?

If the deceased has left written documentation 
about their preferences regarding PAR, both 
ASRM and ESHRE support following the wishes 
of the deceased. However, if the deceased did not 
leave written documentation, the question then 
arises who should be able to request it and to use 
the gametes or embryos. ASRM asserts that, in 
the absence of written documentation, the sur-
viving spouse or partner is the only one who 
should be able to request and use the deceased’s 
gametes or embryos because the spouse or part-
ner and the deceased had an existing joint paren-
tal project. Partner requests for PAR is acceptable 
since it allows one partner to continue that proj-
ect after the death of the other. ESHRE finds 
partner requests for PAR the least ethically prob-
lematic for the same reason as ASRM.

The importance of this joint reproductive proj-
ect is why ASRM finds PAR “less compelling” for 
single individuals than for partnered individuals. 
Given the increasing acceptance of single parent-
hood and various family formations [18], some 
may claim that it is possible for a single individual 
to have a reproductive project with another person 
who is not a spouse or partner. Also, some may be 
concerned that by focusing so heavily on the fact 
that the reproductive project is joint, ASRM is pri-
oritizing heteronormative nuclear family forma-
tions and discounting the importance of the 
reproductive project for single individuals.

ASRM’s opposition to parental requests for 
PAR also centers on the idea of a joint reproduc-
tive project: “In the case of a surviving parent, no 
joint reproductive project can ever be said to have 
existed. Nor do the desires of the parents give 
them any ethical claim to their child’s gametes” [7] 
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(p.  1844). Here, again, some may object to the 
assumption that a reproductive project can only 
exist within a couple. Furthermore, one could 
argue that the genetic parents of the deceased 
could also have some claim in the genetic material 
of their child. In Israel, parental requests for PAR 
“are becoming more and more accepted, building 
on the same logic that the family lineage or per-
petuation of the blood line does not end with one’s 
death” [11] (p. 26). All of the parental requests in 
Israel that have been permitted have involved an 
arrangement in which a single woman who did 
not know the deceased used his sperm and 
planned to raise any resulting children by herself 
while allowing a relationship between the children 
and the genetic grandparents. The Israeli courts 
have approved of these arrangements, calling 
them a “harmonious coming together of the inter-
ests of all parties involved” [21]. Part of the reason 
why these arrangements may be more ethically 
permissible is because the parents of the deceased 
are not raising their genetic grandchildren them-
selves, but rather are establishing a more “tradi-
tional” grandparent/grandchild relationship.

Whereas the arrangement in Israel involves 
parental requests for PAR, ESHRE also discusses 
PAR outside of partner and parental requests. 
This type of third-party request would most likely 
involve the donation of already existing frozen 
reproductive material to anonymous recipients 
interested in using them for reproduction. Some 
members of the ESHRE task force believe that 
“posthumous reproduction outside the initial 
parental project to be justified on the conditions 
that donors consent to this broad use and that all 
safety measures usually applicable to gametes or 
embryos donation are respected” [17] (p. 3051).

32.3   Conclusion

In this chapter, I have provided an overview of 
some of the pertinent ethical issues raised by 
PAR.  As reproductive technologies continue to 
become more common and advance, ethical 
dilemmas surrounding PAR may change and 
become more frequent. It is important to continue 
to examine these ethical issues in this rapidly 
developing field.

Review Questions and Answers

 ? Q1.  Posthumous assisted reproduction 
raises which of the following justice 
concerns?
(a) Posthumous assisted reproduction 

is not equally accessible to all 
people.

(b) Posthumous assisted reproduction 
may not be the best use of limited 
healthcare resources.

(c) Children who are posthumously 
conceived are sometimes treated 
differently under the law.

(d) All of the above.

 v A1. (d)

 ? Q2.  When weighing the benefits and harms 
of posthumous assisted reproduction, 
we should consider
(a) The deceased
(b) The surviving partner
(c) The surviving family
(d) Posthumously conceived children
(e) All of the above.

 v A2. (e)

 ? Q3.  What is the best way to ensure that the 
autonomy of the deceased is upheld 
regarding posthumous assisted 
reproduction?
(a) Written consent
(b) Implied consent
(c) The word of the surviving partner or 

family
(d) The autonomy of the deceased 

cannot be violated

 v A3. (a)

 ? Q4.  Spouse or partner request for 
posthumous assisted reproduction is 
the least ethically contentious since the 
couple had a joint reproductive project. 
True or False?

 v A4. True
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Key Points
 5 The greater majority of childhood cancer 

patients survive beyond 5 years.
 5 The full extent of a patient’s diagnosis, 

and management plan, should be 
considered when assessing their risk for 
subsequent infertility.

 5 All pediatric male patients, moreover all 
patients with testes, who possess a 
potentially fertility-impairing health 
condition or management plan, should 
be consulted with options for fertility 
preservation. This includes sperm 
cryopreservation for those that can 
provide sperm, and testicular tissue cryo-
preservation (TTC) for those who are 
unable to provide sperm.

 5 All fertility patients should have their 
future fertility discussed with their legal 
guardian, and pubertal-aged patients 
should be involved in the discussion when 
they are able, especially older teenagers.

 5 If a medical team is uncomfortable in 
managing a cancer patient’s fertility and 
endocrine health, they should refer the 
patient to a competent outside team or 
institution.

 5 Several investigational methods are 
currently in the research pipeline to 
develop future technologies for pediatric 
fertility preservation and restoration.

33.1   Introduction

Oncofertility in pediatric and adolescent male 
patients is particularly challenging and poses 
additional barriers beyond those present in 
restoring and protecting the fertility of adults. 
Boys become fertile as they progress through 
puberty and do not possess fertility-competent 
gametes beforehand. Only during and after 
puberty does spermatogenesis initiate (approxi-
mately 13  years of age for the average male). 
Before this age, humans do not possess mature 
spermatozoa or other haploid sperm capable of 
fertilization with an ovum. This becomes an espe-
cially challenging scenario for pediatric patients 
faced with fertility-diminishing health conditions 
and/or fertility-sacrificing therapies. The golden 

standard of male fertility preservation has long 
been, and still is, sperm cryopreservation. 
However, sperm cryopreservation is not applica-
ble to pediatric male patients, leaving this specific 
cohort of patients in a clinical scenario without 
many options. Currently, there are no clinically 
proven methods to restore fertility for prepubertal 
male patients; however, immature testicular tissue 
cryopreservation from prepubertal boys is an 
accepted investigational technique that might 
one day enable future fertility restoration. In this 
chapter, we will cover the methods currently 
under investigation for future fertility preserva-
tion and restoration, and briefly explore the many 
potential methods in the research pipeline that 
might one day become available for this particu-
larly at-risk cohort of fertility patients.

33.2   Clinical Need/Epidemiology

Survivorship of childhood cancer has drastically 
increased in the past several decades, so much so 
that the current 5-year survival estimate for a US 
childhood cancer patient exceeds 84% [25]. 
Increasing with the number of childhood cancer 
survivors is an increasing number of chronic 
health complications that result from or present 
with a cancer diagnosis and its therapy. The St. 
Jude Lifetime Cohort Study (LCS) has estimated 
that as many as 99.9% of childhood cancer survi-
vors in their cohort possess a cancer or treatment- 
associated chronic condition by middle age; this 
list of conditions includes gonadotoxicity, stress-
ing the need to trail blaze effective guidelines for 
pediatric fertility preservation [9].

The risk of future infertility for childhood can-
cer survivors is influenced by several consider-
ations. These include treatment regimen 
(chemotherapy and/or radiation therapy), che-
motherapy type, total dosage, cancer type, malig-
nancy location, and surgery. The St. Jude LCS 
estimates that childhood cancer survivors are 
approximately 50% less likely to achieve a preg-
nancy as their siblings who have not had a cancer 
diagnosis [20, 55]. As such, it is incredibly impor-
tant to understand that prepubertal age is not a 
protective state for the fertility of pediatric cancer 
patients. An obligatory step in the cancer and fer-
tility management of a boy patient is estimating 
their risk for resulting oligospermia or azoosper-
mia as an adult. Beginning with chemotherapy, 
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there are two common methods for quantifying 
the cumulative dosage of alkylating chemother-
apy. The first is the cyclophosphamide equivalent 
dose (CED), which ranges from 1 to 20,000 mg/
m2, and the summed alkylating agent dose score, 
which ranges from 0 to 12 [51]. CED is the most 
commonly used measure, with scores greater than 
7500  mg/m2 associated with the highest risk of 
infertility; overall CED scores negatively correlate 
with sperm concentration in long-term child-
hood cancer survivors [21]. Among the alkylating 
agents commonly used, high doses of cyclophos-
phamide and procarbazine are particularly asso-
ciated with subsequent azoospermia [3, 20, 24, 
42]. Cisplatin and ifosfamide have also been asso-
ciated with oligospermia and azoospermia after 
pediatric cancer therapy. When considering non- 
alkylating chemotherapy, vincristine, vinblastine, 
and actinomycin appear to not have detrimental 
effects on spermatogenesis [3]. However, bleomy-
cin has had conflicting reports of azoospermia 
after childhood therapy with some studies report-
ing fertility into adulthood for surviving pediatric 
patients and others reporting lasting azoospermia 
[52, 55]. In terms of radiation therapy, the semi-
niferous epithelium, most pertinently germ cells, 
is exquisitely sensitive to radiation exposure, with 
doses as low as 0.1–0.2 Gy causing lasting oligo-
spermia and azoospermia. Turning to endocrine 
function of the testis, Leydig cells are much more 
resistant to radiation exposure compared with 
germ cells; however, at 20 Gy and above, pediatric 
male patients exhibit Leydig cell dysfunction [46, 
48]. This can impact their future pubertal transi-
tion, requiring the need for hormone replacement 
therapy. Radiation therapy targeted at other loca-
tions external to the testes can also result in infer-
tility and endocrine dysfunction. Cranial 
radiation specifically can result in pituitary and 
hypothalamus damage, causing a hypogonado-
tropic hypogonadism (also termed central or sec-
ondary hypogonadism) by removing the higher 
centers of the HPG axis. While hormone supple-
mentation can be highly effective in these patients, 
it is important to know that childhood cancer 
patients with brain neoplasms are often concur-
rently taking systemic gonadotoxic chemotherapy 
along with cranial radiation [54]. Lastly, patients 
who require removal of testicular tissue due to a 
local tumor or neoplasm might later present with 
oligospermia or azoospermia, and patients under-
going retroperitoneal lymph node removal, extir-

pative pelvic surgery, or pelvic radiation can lose 
future sexual function due to damage of the ner-
vous system pathways responsible for ejaculation 
and therefore will become reliant upon assisted 
reproductive technologies (ART) for their future 
fertility [16, 50]. The full extent of a patient’s diag-
nosis, and management plan, should be consid-
ered when assessing their risk for subsequent 
infertility.

33.3   Management of Pediatric 
Oncofertility

Surveys have demonstrated that many US oncolo-
gists and healthcare staff report feeling underpre-
pared to manage cases of fertility preservation or 
underinformed on current fertility preservation 
options and ARTs [1, 8, 41]. However, both the 
American Society of Clinical Oncology (ASCO) 
and the American Society for Reproductive 
Medicine (ASRM) highly encourage that health-
care teams refer to subspecialists at other institu-
tions in the circumstance that they feel unprepared 
to manage fertility preservation themselves [36]. 
Despite these recommendations, in the 2011 
SPARE study, a survey of over 200 US healthcare 
providers, the greater majority of whom were pedi-
atric oncologists, it was identified that over 80% of 
responders utilize ASCO recommendations in 
their clinical decision-making 50% of the time or 
less [29]. This is disconcerting when placed in con-
text to the preferences and concerns expressed 
about fertility preservation by childhood male can-
cer survivors and their parents. For both patients 
and parents, regret has been shown to be the larg-
est concern when reflecting on their cancer man-
agement experiences [49]. Beyond pediatric cancer 
patients, pediatric patients with other etiologies of 
infertility (i.e., Klinefelter’s, hypogonadism with 
anosmia) or need for fertility preservation include 
patients with differences in sexual development, 
transgender/transsexual patients, and patients 
who are gender- nonconforming [13, 26, 28]. 
Regardless of identity, pediatric and adolescent 
patients born with testes should be fully consid-
ered for fertility preservation and hormonal health 
prognosis when facing a potentially gonadotoxic 
insult, condition, or therapy.

The ASRM emphasizes that both physicians 
and parents can and should act to preserve the fer-
tility of pediatric patients [40]. Unfortunately, 
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clinical options for prepubertal males are limited 
to testicular tissue cryopreservation (TTC), which 
is still considered investigational. Nevertheless, 
barriers to accessing TTC, or alternative routes of 
sperm acquisition for cryopreservation for 
pubertal- aged patients, should not be allowed. All 
patients should have their future fertility discussed 
with their legal guardian, and pubertal- aged 
patients should be involved in the discussion when 
they are able, especially teenagers. Methods that 
can be pursued to obtain a semen or sperm sample 
for pubertal-aged patients include, masturbation, 
vibratory stimulation, electro- ejaculation, and 
surgical testicular sperm extraction (TESE and 
onco-TESE) [10]. In a patient for whom a semen 
or sperm sample is not able to be collected (i.e., 
prepubertal boys), the only remaining option is 
testicular biopsy and TTC, in hopes that technolo-
gies will be created in the future that will allow 
clinicians to access and mature the spermatogo-
nial stem cells within the cryopreserved testicular 
tissue of their patients.

Clearly there is still much work to be done in 
improving the clinical options available for the 
fertility preservation of pediatric male patients. 
Nevertheless, just as pediatric survivorship is on 
the rise, so are developing research protocols 
working towards creating future methods of fertil-
ity preservation and restoration for these patients. 
If there is a take-away lesson to this chapter, it is 
that all pediatric male patients, moreover all 
patients with testes, who possess a potentially fer-
tility-impairing health condition or management 
plan, should be consulted with options for fertility 
preservation, including sperm cryopreservation 
for those that can provide sperm, and TTC for 
those who are unable to provide sperm. Our goal 
in the Oncofertility Consortium is that TTC will 
become commonplace throughout the United 
States, and the world, when managing the fertility 
of pediatric patients. We are likely to see new tech-
nologies released in the next decade that will 
enable the restoration of fertility using these cryo-
preserved cells and tissues.

33.4   Testicular Tissue Cryopreser
vation and Experimental ARTs

TTC is the forefront clinical option for prepuber-
tal male fertility patients. Even neonatal testicular 
tissues possess spermatogonial stem cells (SSC), 

and given the opportunity to mature, these SSCs 
can replenish full spermatogenesis within the 
seminiferous epithelium of the testis [11, 17]. 
Cryopreserved testicular tissues contain this 
important cell population, as well as all other cell 
types native to the testis. We will recommend here 
that testicular tissues are cryopreserved instead of 
cellular suspensions. Cryopreserved tissues are 
potentially useful for all experimental ARTs in the 
research pipeline currently, whereas cellular sus-
pensions are applicable to only a portion of exper-
imental methods. Testicular tissue biopsy has 
been observed to be safe and without ill-effects 
and is a quick procedure with little-to-no delay in 
subsequent therapy and postoperative morbidity 
[18, 19, 56]. However, late term effects of testicu-
lar tissue biopsy need further study to rule out all 
possible comorbidities. Furthermore, we will 
briefly identify critical areas in need of further 
investigation and future clinical guidelines to 
make TTC an evidence-driven practice for prepu-
bertal fertility management. These include (i) how 
much testis tissue should be cryopreserved and 
how much should be left inside the patient (this is 
particularly relevant for young patients with very 
small testes or those with trauma to the testes) 
and (ii) best practices for tissue cryopreservation 
and warming (i.e., controlled slow-freezing vs. 
vitrification).

Current basic and translational science inves-
tigations are focusing upon the utilization of 
cryopreserved testis for experimental fertility 
preservation methods (future ARTs). These meth-
ods include SSC transplantation, testicular tissue 
transplantation, ex vivo tissue maturation, in vitro 
spermatogenesis, and induced pluripotent stem 
cell (iPS cell)-derived germ cell therapy. For fur-
ther reading into recent developments of these 
technologies, we recommend the following 
reviews which cover these topics in detail [17, 27, 
53]. The present status of developing techniques 
for ex  vivo testicular tissue culture and in  vitro 
spermatogenesis is the subject of the remainder of 
this chapter.

33.5   Testicular Organ Culture

Attempts at complete in  vitro spermatogenesis 
have largely been unsuccessful in mammals, with 
a few successes in lower animal models (i.e., fish 
species) [23], and ex  vivo spermatogenesis in 
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rodents [45]. Most investigators agree that somatic 
support is essential for the ex vivo maintenance of 
germ cells and spermatogenesis, and therefore, 
many groups have taken to the investigation of 
testicular tissue maturation ex vivo [59]. The tech-
nique of testicular organ culture was first revived 
by Takehiko Ogawa at Yokohama University in 
Japan [45]. Briefly, this technique involves neona-
tal murine testis pieces being cultured upon aga-
rose gel “stands” at an air-liquid interface, with 
the cultured tissue providing for maintenance of 
early germ cell populations, and germ cell differ-
entiation up until fertility-competent pachytene 
round spermatids [30]. Since Ogawa’s seminal 
paper, other groups have also successfully cul-
tured neonatal and fetal rodent testicular tissue in 
this fashion, both in attempts to optimize media 
and culture conditions for long-term culture, and 
in initial pilot experiments investigating this 
method’s utility as an in vitro model for toxicology 
studies [44, 47]. Of these reports, most authors 
agree that knockout serum replacement, a protein 
source in the culture medium, is crucial for germ 
cell maintenance and that this might be due to its 
high lipid and bovine serum albumin content [35, 
37, 43]. The Ogawa laboratory has recently pub-
lished a “chemically defined” medium compari-
son between various protein and lipid sources 
with and without reproductive hormones and 
metabolic factors [37]. However, replication of 
their conclusions by other groups and translation 
of their protocols to human tissues will be needed, 
in order to further the field. Within human testis 
organ culture attempts, far minimal results com-
paratively to rodent models have been achieved. 
While there are two reports on ex  vivo cultured 
human seminiferous tubules recapitulating sper-
matogenesis, most human attempts have resulted 
in diminishing germ cell numbers and somatic 
cell dysfunction [12, 15]. The most successful 
reports to-date of pre-pubertal human testis cul-
ture are by De Michele et al., who were able to 
culture prepubertal human tissues for upwards of 
139 days. Their results demonstrated the matura-
tion of Sertoli cells, and the attainment of haploid 
germ cells as denoted by immunohistochemistry; 
however, spermatogonia quickly diminished in 
number within the first couple weeks of their cul-
ture system [14, 15]. The most successful reports 
of in vitro cultured testicular tissue comes again 
from the Ogawa group, in which they use a micro-
fluidic culture system to dramatically increase the 

viability of cultured testis explants for long-term 
culture, increasing the proportion of long-term 
cultured tubules populated by haploid germ cells 
by greater than 30% over standard organ culture 
methods [31, 32]. Between culture medium and 
microphysiologic devices, hopefully further 
advances in human testis culture and maturation 
will be achieved within the near future.

33.6   In Vitro Spermatogenesis

While much work is left to be done in the human 
model, the collective work in ex vivo culture high-
lights the necessity of an intact somatic testis 
architecture in supporting spermatogenesis 
in vitro. Several groups have attempted 2D in vitro 
differentiation of germ cells utilizing multiple cell 
types and media-based protocols; however, much 
is left to be desired in this line of investigation, 
namely, the establishment of a somatic cell popu-
lation (i.e., seminiferous epithelium) supportive of 
SSC maintenance and differentiation. Tissue engi-
neering and biomaterial approaches to recreate 
the testicular architecture have seen a resurgence 
in the past few years. Before 2013 when Yokonishi 
et  al. of the Ogawa group successfully created 
seminiferous tubules by culturing a testicular cell 
pellet at a gas-liquid interface, de novo testicular 
tissue had only been achieved through the trans-
plantation of cell “pellets” under the skin of immu-
nocompromised mice [57]. In the past year, this 
work has been expanded to the canine model 
while also using Matrigel hydrogel encapsulation 
to aid the grafting process [33]. These transplants 
organized to form tubules with germ cells, but 
without full spermatogenesis. However, this line of 
investigation is paving the way for auto-transplan-
tation as a clinical option of fertility preservation 
for male patients. Additionally, entirely in vitro tis-
sues have been created within fish, murine, and 
nonhuman primate models upon adherent 2D 
culture using gelatin (fish) and 3D suspension-
based (nonadherent) culture frameworks (all 
three models) [4, 23, 34]. Suspension culture 
models have best mimicked the somatic testicular 
architecture, along with expansion of germ cells. 
However, nonhuman primate experiments have 
thus far not induced spermatogenesis progression 
(through meiosis), only spermatogonial expan-
sion. Moving to human experiments, scaffold 
instruction of de novo tissue development has 
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been investigated. Biomechanical scaffolds have 
been generated and characterized using human 
testicular extracellular matrix (ECM) by Baert 
et al. [5–7]. Recent papers from this group demon-
strated the formation of human testis micro-tis-
sues (herein termed organoids) upon a human 
testis ECM scaffold. While these organoids did not 
recapitulate the full testicular architecture (they 
did not possess compartmentalization of cell types 
or tubulogenesis), they did possess spermatogonia 
and secreted testosterone and inhibin B endocrine 
products. However, Baert et al. were not convinced 
the scaffold provided a benefit in testicular tissue 
or organoid formation. Experiments from a sepa-
rate group, testing porcine spermatogonial stem 
cells across multiple ECM varieties, have sug-
gested that laminin is the most important environ-
mental protein for undifferentiated germ cell 
expansion [38]. To date, our knowledge of the 
microenvironmental cues necessary for testis cul-
ture outside the body remain ill-defined and are 
one of the primary challenges in the progression 
of in vitro based experimental ART techniques.

Other groups have had greater success using 
ECM-based hydrogels for de novo tissue forma-
tion. Matrigel has surfaced as a highly useful ECM 
for modeling testicular tissue. Several authors 
have investigated Matrigel as a media additive to 
recreate rodent testicular tissue in adherent cul-
ture [22, 58]. These attempts have not resulted in 
comparable testis architecture as afforded by 3D 
approaches; however, they do sustain all major cell 
types. The most impressive recreation of testicular 
architecture to date has been published by Alves-
Lopes et  al. [2]. In a novel three-layer gradient 
(3-LGS) Matrigel organoid system, neonatal rat 
testicular cells efficiently reformed testicular 
organoids in  vitro, and exhibited proliferating 
germ cells, a functional blood-testis barrier, and 
responded to retinoic acid and TNF and RA 
inhibitors as would testes in  vivo. Returning to 
human experiments, solubilized human testis 
ECM was used in the creation of human testicular 
organoids by Pendergraft et  al. [39]. Created in 
hanging drop culture, these organoids contained 
all major testis cell types sourced from immortal-
ized adult testis cells, grew in size over 3 weeks of 
culture, and demonstrated an upregulation of 
post-meiotic germ cell gene transcription over the 
culture period. Yet, the challenge of creating a 
tubule-mimetic lumen remains in this and all 
human models. Nevertheless, Pendergraft’s model 

was also amenable to cryopreservation by slow 
freezing and vitrification and responded to che-
motherapy (cisplatin and etoposide), with LC50 
values significantly greater than comparable 2D 
cultures, demonstrating the future research and 
clinical utility that an optimized human testicular 
organoid approach would provide. Even more 
promising results should be expected with the use 
of prepubertal tissues, which confer more robust 
organoid modeling across many tissue types. 
Between biomaterial scaffolds, decellularized 
human testis ECM, and microfluidic culture sys-
tems, engineered human testicular constructs 
may become both a clinically useful tool for the 
study and alleviation of male reproductive disease 
and infertility.

33.7   Conclusions

Fertility preservation and restoration for pediatric 
males and individuals with testicular tissue is a 
challenging clinical area with opportunities for 
standardization in clinical management and inno-
vation practice that will have a significant impact 
on the lives of many patients. Despite the current 
challenges and limitations in current options for 
fertility preservation, all pediatric patients with 
testes should be given a fertility consult when fac-
ing a fertility-sacrificing diagnosis and/or therapy. 
In the setting of cancer diagnosis and therapy, CED 
and radiation location and dose should be assessed 
prior to beginning therapy, as a mechanism for 
determining patients at high risk for subsequent 
oligospermia and azoospermia. In the event that a 
clinical team feels unprepared to adequately pro-
vide for the fertility and endocrine management of 
a patient, the patient should be referred to an out-
side institution. Sperm cryopreservation is the gold 
standard of fertility preservation, and TTC pro-
vides an investigational mechanism for preserving 
the fertility for patients who cannot offer a sperm 
sample for cryopreservation. Both sperm cryo-
preservation and TTC fertility preservation tech-
niques come with minimal- to-zero risk to the 
patient and minimal delay of subsequent therapy 
for a malignancy. With many tissue maturation, 
transplantation, in vitro spermatogenesis, and stem 
cell-based therapies currently in the pipeline, utili-
zation of cryopreserved testicular tissue should see 
success at the bench and translation into the clinic 
in the near future.
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 Review Questions and Answers

 ? Q1.  Which of the following persons should 
be counseled on fertility preservation?
(a) Pediatric cancer patients
(b) Klinefelters patients
(c) Hypogonadal patients
(d) Patients with trauma to the gonads, 

pelvis, or genitalia
(e) Stem cell transplantation patients
(f ) Patients with differences in sexual 

development
(g) Transgender patients
(h) All of the above

 v A1. (h)

 ? Q2.  What is the most common fertility 
management concern for pediatric 
cancer patients and their parents, upon 
reflection after their cancer 
management?
(a) Time
(b) Cost
(c) Regret
(d) Discussing sex and family planning

 v A2. (c)

 ? Q3.  Which of the following are useful tools 
to determine a patient’s risk of 
developing iatrogenic oligospermia or 
azoospermia?
(a) Cyclophosphamide equivalent 

dosage
(b) Serum cortisol
(c) Summed alkylating agent dose score
(d) (a) and (c)
(e) All of the above

 v A3. (d)

 ? Q4.  What clinical option(s) is(are) there for 
fertility preservation of pediatric males 
and pediatric individuals with testes?
(a) Sperm banking
(b) IVF
(c) None, only investigational immature 

testicular cryopreservation

 v A4. (c)

 ? Q5.  What new approaches are currently in 
the pipeline for developing in vitro 
spermatogenesis?
(a) Biomaterial scaffolds
(b) Decellularized extracellular matrix
(c) Microfluidic culture systems
(d) Spermatogonial stem cell culture 

and transplantation
(e) All the above

 v A5. (e)
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Key Points
 5 In 2014, proof of uterus transplantation 

as a treatment for absolute uterine factor 
infertility was achieved in Sweden, after 
the birth of the first live baby post UTx.

 5 The successful clinical application of UTx 
in humans was preceded by extensive 
preclinical animal-based studies. This is 
in line with the IDEAL recommendations 
for introduction of surgical innovations.

 5 Uterine harvesting from live donors 
included bilateral dissection of vascular 
pedicles comprising the uterine vessels 
along with segments of the anterior 
division of the internal iliac arteries and 
segments of the internal iliac veins. After 
back- table preparations, the donor 
vascular pedicles were anastomosed 
end-to-side to the recipient external iliac 
vessels.

 5 Immunosuppression after UTx is only 
required short term (usually <5 years) 
compared to other solid-organ trans-
plants, thereby lessening long-term side 
effects. However, women with a history 
of malignancy should be at least 5 years 
post treatment before UTx is considered.

34.1   Introduction

Absolute uterine factor infertility (AUFI) was the 
last major infertility etiology without a solution, 
until uterus transplantation (UTx) was estab-
lished as proof of concept in 2014 [1]. Women 
with previous malignancies are included in the 
infertility subgroup of AUFI, with a total esti-
mated prevalence of around 20,000 fertile aged 
women in a population of 100 million [2]. The 
existence of AUFI may result from absence of the 
uterus, as after hysterectomy for uterine or cervi-
cal malignancy, or in presence of a non-functional 
uterus, as after pelvic or total body irradiation to 
cure malignancy. Thus, UTx can be considered as 
a fertility-restoring procedure in these women 
with infertility secondary to cancer treatment.

Non-malignant causes of AUFI refer to con-
genital absence of the uterus (MRKH syndrome), 
uterine malformations, severe intrauterine adhe-
sions, and hysterectomy for benign indications 
(inoperable/large leiomyoma, obstetric hemor-

rhage due to invasive placentation, or uterine 
atony).

Over the past 20 years, there have been numer-
ous research initiatives undertaken in the field of 
UTx. Initial experiments were conducted in 
rodents and later moved onto large domestic spe-
cies. Finally, non-human primate models were 
introduced as a last step in the preparations 
toward human UTx. The evolution of this new 
procedure, from basic animal studies toward clin-
ical application, follows the IDEAL recommenda-
tions for introduction of surgical innovations [3].

34.2   Animal Research in UTx

In the rodent UTx models, the deceased donor 
(DD) concept was utilized and tested since parts 
of the vital arteries (aorta/common iliac arteries) 
were harvested alongside the uterine graft, in 
order to obtain vessels of a size that would enable 
vascular anastomoses. There was no need for 
immunosuppression, as using inbred rodent 
strains made it attainable to perform syngeneic 
transplantation. A key advantage of this approach 
was that potential immunosuppression-related 
effects did not confound results, enabling surgical 
technique to be evaluated in isolation.

In the larger animal models and non-human 
primate models, both the DD and living donor 
(LD) concepts were utilized. The DD concept was 
exclusively for allogeneic UTx in these animals. 
Thus, the LD concept was evaluated in these larger 
animal models both by autologous UTx, to study 
isolated effects of surgery, and by allogeneic UTx, 
to examine the impact of surgical stress and graft 
rejection.

34.2.1   Rodent Models

The mouse UTx model utilized the DD concept in 
a syngeneic setting, with blood flow through 
caval-caval and aortic-aortic vascular anastomo-
ses, the uterus heterotopically transplanted, and 
the native uterus remaining in situ [4]. Transfer 
was completed by trans-myometrial approach 
using donor embryos. Pregnancy rate per uterus 
was similar in the transplanted uteri and the 
native control uteri with offspring being of nor-
mal birth weight [4]. Growth trajectory during 
the initial months followed the typical curves, and 
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normal fertility was seen. No studies exist on fer-
tility after allogeneic UTx in the mouse.

In the larger rat, also with the DD concept, the 
uterus was positioned orthotopically with 
 anastomoses end-to-side on the common iliac 
vessels. In syngeneic UTx, the pregnancy rate was 
similar in UTx rats as in controls, with no differ-
ence in pups per pregnancy [5]. Growth trajec-
tory was comparable in offspring from animals of 
the UTx group and the sham group. The first 
report of fertility after allogeneic UTx was in the 
rat, utilizing two strains with discordance in two 
major histocompatibility sites and immunosup-
pression with tacrolimus to prevent rejection [6]. 
Pregnancy rate was equal between the UTx group 
and the control group. A second study involved 
Lewis donors and Piebald-Virol-Glaxo recipients 
and tacrolimus treatment [7]. The pregnancy rate 
was 50% in the UTx group and 70–80% in the two 
sham-operated control groups. Birth weights of 
offspring after allogeneic UTx under tacrolimus 
immunosuppression and growth trajectory were 
similar to controls [7].

34.2.2   Sheep Models

Autologous UTx was initially used to demonstrate 
fertility in sheep, with uterine-tubal-ovarian 
transplantation and anastomoses of the uterine 
artery, utero-ovarian vein, and the ovarian artery 
to the external iliac vessels [8]. Pregnancy was 
achieved with spontaneous mating 3 months after 
UTx, and 60% of mated animals later delivered 
offspring of normal weight.

The allogeneic sheep UTx, exploring the LD 
concept, used bilateral end-to-end anastomosis of 
the uterine arteries and veins [9]. Embryo transfer 
was performed in five ewes, and three became 
pregnant. One pregnancy resulted in a live birth 
via cesarean section [9]. This birth is the only 
documented live birth from a large animal under-
going allogeneic UTx.

34.2.3   Non-human Primate Model

The only offspring after non-human primate UTx 
was after an autologous procedure in the cyno-
molgus macaque [10]. The uterus, with the uter-
ine artery and the deep uterine vein, was 
anastomosed bilaterally end-to-side to the exter-

nal iliac arteries and veins. Total surgical duration 
was 13.5  hours. Pregnancy occurred after three 
menstrual cycles and timed mating. A partial pla-
cental abruption occurred on gestational day 143, 
and a cesarean section was performed with deliv-
ery of a live offspring.

34.2.4   Cervical Cancer: Presenting 
UTx and First UTx Mother 
to Be Transplanted

The oncofertility concept has been central in the 
development of UTx. The initial notion of UTx to 
restore fertility was originally presented to our 
team by a patient who underwent radical hyster-
ectomy for stage 2b cervical cancer. This occurred 
in Australia in 1998, the same year that the first- 
hand transplantation was carried out under the 
leadership of Australian and French doctors. 
Thus, the notion of transplanting not only lifesav-
ing organs, but also those that would enhance 
quality of life, was discussed extensively in the 
media. Prior to the surgery, the patient was 
informed that the ability to become pregnant and 
deliver a child would be lost after hysterectomy, 
but that her ovaries would be preserved. A gesta-
tional surrogacy arrangement would be possible 
in the future if she would desire her own genetic 
offspring. However, this was not an option for the 
patient as she wished to experience her own preg-
nancy and did not agree with the concept of her 
fetus developing inside the uterus of another 
woman who would assume the medical risks 
associated with pregnancy and childbirth. She 
therefore suggested the idea of a uterine trans-
plant using the uterus of her mother or older sis-
ter. After several months of thorough discussions, 
our team decided to start an animal-based 
research project to assess the feasibility of UTx in 
the human.

It took more than a decade to optimize and 
safeguard the UTx procedure using meticulous 
research in rodents and large animals, including 
non-human primates as described above. Finally, 
in 2013, the Swedish UTx trial was initiated with 
ethical approval and permission from the hospital 
to perform up to ten LD UTx procedures. After 
initial recruitment and screening, nine eligible 
patients were selected [11], eight had congenital 
absence of the uterus (MRKH syndrome) and one 
had undergone hysterectomy because of cervical 
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cancer at age 25. Although all patients were eager 
to participate in the trial, the woman with the his-
tory of cervical cancer was the only one who 
 volunteered to undergo the first UTx. Having pre-
viously undergone extensive surgery with radical 
hysterectomy and pelvic lymph node dissection, 
she was unafraid of undergoing a second major 
surgery, even though the surgical procedure was 
unfamiliar to the operative team in the human 
setting. The patient’s mother served as the uterine 
donor. Both the recipient and donor had uncom-
plicated UTx surgery. The young woman who had 
cervical cancer at age 25 and UTx at age 32 had 
her mother’s uterus for four uncomplicated years. 
She initially delivered a son and 1.5 years later, a 
daughter, after which the graft was removed. 
Today, she is a happy mother with two wonderful 
healthy children.

These two patients with cervical cancer have 
certainly paved the way of the field of UTx as a 
fertility-preserving procedure in women with cer-
vical/uterine malignancies.

34.2.5   The First Eight Babies in the 
World: From the Swedish Trial

The first clinical trial of UTx took place in Sweden 
in 2013 [11]. Broad medical and psychological 
examinations were completed on recipients, 
donors, and partners of recipients during a 
screening phase of several months prior to UTx. 
Eight of the nine donors were related to the recip-
ient (mostly mothers), and one was a close family 
friend. Five donors were postmenopausal, but all 
donors had previous uncomplicated pregnancies 
and no history of preterm delivery or other 
obstetrical complications. Uterine harvesting 
from the live donors included bilateral dissection 
of vascular pedicles comprising segments of the 
internal iliac arteries and veins. Each surgery 
lasted for more than 10 hours. The pre- and post-
operative outcomes of the donors were favorable, 
and the hospital stays were less than 1 week. All 
donors were in good health at follow-up 1  year 
after surgery [12].

The procured uterus was chilled and flushed 
during back-table preparation and then posi-
tioned inside the pelvis of the recipient. The sur-
gery of the recipient started around an hour 
before transplantation by a midline laparotomy, 

with clearance and dissection of the vaginal vault 
and the external iliac vessels. Bilateral end-to-side 
anastomosis was performed between the recipient 
external iliacs and the donor uterine pedicles, 
including the uterine vessels with the anterior 
division of the internal iliac arteries as well as 
patches/segments of the internal iliac veins.

The transplantation surgery took around 
4 hours, and the hospital stay ranged between 4 
and 9  days. Immunosuppression included con-
ventional induction (thymoglobulin) with main-
tenance of tacrolimus and mycophenolate mofetil 
(MMF) for 8 months. Seven out of nine women 
still had the uterus at 6  months post UTx [11]. 
The other two women had their uterus removed 
due to thrombotic occlusion of the uterine vessels 
in one woman and endometritis with abscess for-
mation in the other [11].

After 1 year, embryo transfer (ET) with a single 
frozen and thawed embryo was performed in each 
participant. The fifth woman to undergo UTx in 
the Swedish trial became pregnant at her first ET 
with a cleavage-stage embryo and went on to 
deliver the world’s first live birth after UTx in 
September 4, 2014 [1]. During pregnancy, a single 
rejection episode was diagnosed at week 18 and 
treated, and the remainder of the gestation was 
uneventful until week 31 + 5  days. Preeclampsia 
with lowered platelet count was diagnosed, and a 
cesarean section was performed the following day. 
A healthy boy with normal weight for gestational 
age was delivered. The second UTx baby [13] was 
delivered 2 months later by cesarean section and 
was healthy and of normal weight. These two births 
have been followed by an additional six births 
delivered between 2014 and 2017. Among the 
seven UTx women that have undergone ET 
attempts, the take-home-baby rate is now 86%, and 
the clinical pregnancy rate is 100%, with one recip-
ient having had miscarriages as late as week 14.

34.2.6   Baby Numbers 9 and 11: 
From the Dallas Trial

A team in Dallas, Texas, initiated a UTx trial in 
September 2016. After the initial three attempts 
resulted in surgical failures with graft removal 
within 1–2  weeks after UTx, the procedure has 
since proved successful [14]. The ninth UTx baby 
worldwide was delivered in Dallas in December 
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2017 after an altruistic LD UTx in the fall of 2016. 
An additional birth (number 11  in the world) 
from this group was reported in the media in 
March 2018.

34.2.7   Baby Number 10: From 
the Sao Paolo Trial and the 
First from a Deceased Donor

The first baby born after DD UTx was born in 
December 2017 following a UTx procedure in Sao 
Paolo, Brazil, in September 2016 [15]. The birth 
has been reported in the media, and the baby was 
in good health at birth. This case is of great impor-
tance for the evolution of the UTx field since it 
demonstrated the feasibility of using a brain-dead 
donor for transplantation.

34.3   Oncological Aspects

Uterus transplantation is the first available treat-
ment for absolute uterine factor infertility caused 
by absence of the uterus after hysterectomy. In 
cases where the hysterectomy was performed for 
cervical or uterine cancer, it should be empha-
sized that UTx should only be considered in a 
woman with negligible risk of recurrent malig-
nancy. The woman receiving a uterine allograft 
will be on immunosuppression medication for 
2–5 years, and it cannot be excluded that the med-
ication will affect the immune system. Unlike 
other solid-organ transplants, however, the period 
of immunosuppression is short term as the graft 
can be removed after childbearing is complete, 
further reducing the chance or recurrence.

A meta-analysis demonstrated that pretrans-
plant malignancy is associated with an increased 
risk of cancer-specific mortality and de novo 
malignancies compared to no prior history of 
malignancy in solid-organ transplant recipients 
[16]. A nationwide population-based study in 
Sweden including more than 10,000 solid-organ 
transplants between 1970 and 2008 found a 30% 
increased mortality risk in patients with previous 
malignancy, and noted that the increased risk was 
driven by cancer-specific death [17]. The risk var-
ied depending on type of transplantation and type 
of malignancy, with gynecological cancers classi-
fied as low risk for recurrence. Moreover, a delay in 
transplantation of more than 5 years post malig-

nancy further reduces risk, a finding which is con-
sistent with our recommendations of a minimum 
5-year waiting period since the time of hysterec-
tomy performed for gynecologic cancer. These 
studies clearly identify that UTx recipients with a 
history of malignancy require tailored screening 
and close monitoring throughout treatment.

 Review Questions and Answers

 ? Q1.  How many women are estimated to have 
absolute uterine factor infertility in a 
population of 100 million?

 v A1. 20,000

 ? Q2.  Which main vessels in the recipient were 
the donor’s uterine pedicles 
anastomosed to?

 v A2. Recipient’s external iliac vessels

 ? Q3.  Which immunosuppressive agents were 
used as maintenance in the first 
8 months after the uterine transplant?

 v A3. Tacrolimus and mycophenolate mofetil

 ? Q4.  How long should a woman wait post 
malignancy before considering a uterus 
transplant?

 v A4.  Minimum 5 years after hysterectomy and 
treatment has been completed.
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Key Points
 5 Strategies for preserving genetic variation 

in small, fragmented population of rare 
and endangered wildlife

 5 Challenges in developing reproductive 
technologies in non-traditional models

 5 How knowledge gained from human 
studies can help extending fertility of 
wildlife

 5 Progress in developing fertility preserva-
tion strategies in carnivore models

35.1   Introduction

The forces that are relentlessly pressuring wild 
animals are well-established and include the loss, 
fragmentation, pollution, and over-exploitation 
of habitat as well as emerging diseases, invasive 
species, and direct human activities, including 
hunting and urban sprawl. A major contemporary 
concern also is climate change, which alters how 
and where animals live. There now are objective 
data revealing that one in four mammal species 
and one in eight birds are at high risk of extinc-
tion, and one of every three amphibians and half 
of all tortoises are threatened [1].

Because modern extinctions appear to be 
occurring at remarkable rate [2], there is growing 
interest in “species” and sustaining their viability 
and genetic integrity [3]. It is well known that a 
smaller amount of natural habitat almost is always 
detrimental for wildlife due to reduced food 
resources and too little space for dispersal of off-
spring or to find an unrelated mate. One conse-
quence can be incestuous mating that homogenizes 
the genome, causing the expression of deleterious 
alleles—also known as inbreeding depression. The 
impact of increasing homozygosity was first dem-
onstrated in ex situ collections 30  years ago [4] 
when zoo-held animals allowed to breed with rela-
tives were found to experience high rates of neo-
natal and juvenile mortality. Subsequent ex situ 
and in situ studies have repeatedly demonstrated 
the insidious influences of increasing homozygos-
ity, especially on reproductive fitness. For example, 
our laboratory has documented an increased inci-
dence of cryptorchidism, pleiomorphic spermato-
zoa, and compromised fertilization in populations 
or species lacking genetic variation (e.g., Florida 

panther, black-footed ferret [5, 6]). The adverse 
impacts of decreasing gene diversity extend to 
other biological systems, including contributing to 
cardiac anomalies, compromised immune-sup-
pression, and increasing vulnerability to environ-
mental changes (climate and pathogens) [7, 8].

The gold-standard strategy for preserving 
genetic variation and, thus, reproductive fitness in 
species has been retaining and protecting massive 
amounts of habitat. However, this approach 
becomes increasingly difficult in a modern world 
with unfettered, sprawling numbers of people 
demanding resources that make it impossible to 
preserve enough wild space to ensure self- 
sustaining, healthy populations of every species. 
Carnivores are especially susceptible to loss in 
space and inbreeding depression [8]. This aware-
ness that saving habitat alone is insufficient has 
stimulated a groundswell of support for more spe-
cies studies, including establishing ex situ security 
populations, especially those at high risk. These 
intensively managed animals serve not only as 
“insurance” for wild counterparts but also as an 
important source of biological (research) infor-
mation impossible to collect under harsh, uncon-
trolled field situations. Ex situ operations are 
expensive, complex, and oriented toward ensur-
ing the retention of all existing gene diversity for 
at least the next century to ensure species integrity 
[9]. Maintaining this robustness always is compli-
cated by too few specimens that generally display 
stressful, self-destructive, and/or dangerous 
behaviors. Even so, these types of investigations 
are well worth the risk because there is almost 
non-existent biological knowledge (even of the 
most general sort) for most of the world’s 55,000 
vertebrate species [3]. In most cases, resulting 
data have direct (or indirect) application to 
improving the management and conservation 
breeding of rare species.

35.2   Value of Reproductive Studies 
and Fertility Preservation 
for Rare and Wild Species

Because reproduction is fundamental to species 
survival, understanding reproductive mecha-
nisms is a high priority. It is well established that 
there are enormous differences in the specifics of 
how each species reproduces, even those in the 
same phylogenetic clade (i.e., family [3, 10]). Over 
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the last four decades, our laboratory has studied 
more than 60 species, and we have concluded that 
there are as many mechanistic variations in repro-
duction as there are species [3, 10]. This lack of 
data on how any given animal reproduces means 
that there is a need to characterize and describe 
common sexual patterns (including on the basis 
of breeding season, behavior, and endocrinology) 
for thousands of species. For example, a popular 
tactic in the field or in zoos is “behavioral endo-
crinology” where investigators relate animal 
behaviors to hormonal patterns (gonadal/adre-
nal) using non-invasive fecal or urinary hormone 
metabolite monitoring, thereby avoiding animal 
disturbance [11]. When established, this funda-
mental scientific information fills a hole in the 
scholarly database on reproductive life history 
norms for individual species. It also serves as a 
source of voucher data that can be predictive of 
the normal (or abnormal) conditions of a species, 
population, or even individual living in nature or 
in an ex situ security population. For example, 
having solid information on the normal breeding 
season, sexual behavior, and litter size for any 
given species can assist wildlife managers who 
may suspect abnormalities in contemporary pop-
ulations under threat and then can undertake 
“adaptive” management. Such information also is 
critical for risk assessment specialists whose task 
is to use sophisticated computer programs (e.g., 
VORTEX [12]), calculate population status, and 
then undertake research and mitigation priorities. 
Accuracy depends on knowing the reproductive 
norms for the target species. Finally, basic and 
species-specific reproductive data are essential for 
two types of reproductive management, the first 
being adapting human- and livestock-related 
assisted reproductive technologies to developing 
alternatives to natural mating for retaining all 
gene diversity [13]. The second involves “recov-
ery,” situations where a species has become 
severely threatened, reduced in population size, 
and it has become essential that every animal 
reproduces to protect all gene diversity. Both of 
these management tactics are largely focused on 
creating self-sustaining security populations in 
captivity, although recovery programs can even-
tually include reintroduction and release of ani-
mals back to the wild. There are a few models of 
success, especially using artificial insemination 
(AI), which allows transporting semen between 
breeding locations (without the need for moving 

stress-vulnerable, wild individuals) and overcom-
ing the common problem of sexual incompatibil-
ity between computer-selected mates. Examples 
have been reviewed and include the giant panda 
[14], black-footed ferret [6] (see . Fig. 35.1), and 
scimitar-horned oryx ([15] see . Fig.  35.1) with 
pandas and ferrets being returned to the wild after 
intensive management that includes AI. Embryo- 
related technologies are not used currently for 
wildlife genetic management because of sorely 
lacking information on cross-species embryology 
[16]. There also is an issue of source of recipients 
for embryos produced from wildlife species, as 
inter-species embryo transfer is not viable [16, 
17]. Nonetheless, embryos have been produced 
from wild animals, often using in vitro oocyte 
maturation (IVM) and fertilization (IVF), and 
offspring produced in the gorilla, Indian desert 
cat, ocelot, tiger, African wild cat, ferret, Armenian 
red sheep, water buffalo, gaur, red deer, Eld’s deer, 
llama, and caracal [16, 17].

Reproductive biologists studying wildlife ben-
efit from advances in the human infertility and 
livestock production fields. However, the overall 
goals of these programs are substantially differ-
ent—overcoming infertility (humans) versus 
more efficient/higher quality food production 
(livestock) versus retention of all gene diversity 
(wildlife). Nonetheless, these three groups share 
aligned interests in “ensuring reproductive health 
and preserving fertility.” The emergence of the 
oncofertility field (which explores new approaches 
for preserving reproductive potential of cancer 
patients who may lose fertility due to chemical or 
radiation treatment) has intriguing applications 
for endangered species enthusiasts charged with 
conserving genetic variation. For example, there 
is strong interest in extending the reproductive 
longevity of a valuable wild animal indefinitely 
into the future, with the occasional re-infusion of 
its genes into the contemporary population. Such 
an approach contributes by avoiding (or mitigat-
ing) genetic drift and the tendency for inbreeding 
in small populations. In this same context, there 
has been significant effort to articulate the value 
of “genome resource banks,” which are organized 
repositories of biomaterials to be stored and used 
for both managing heterozygosity and conduct-
ing basic and applied research [16]. For wildlife, 
there are other reasons to extend fertility poten-
tial, largely for animals that have not yet produced 
sufficient numbers of descendants to ensure the 
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passing on of their genes. The specific targets 
include individuals that (1) are dying before 
puberty, (2) are living but fail to naturally repro-
duce, (3) unexpectedly die, (4) are nearing repro-
ductive senescence, or (5) have been long dead, 
but there is value in rescuing and re-infusing their 
genome into the modern population.

35.3   Value of Animal Models for 
Preserving and Extending 
Fertility in Wild Species

Some challenges related to understanding and 
protecting species biodiversity rival the concerns 
associated to the accessibility to biomaterials 
faced in field of human reproductive health. More 
than 30 years ago, we advocated the need for ani-
mal models to more efficiently develop assisted 
reproductive technologies for wildlife [18]. Due 
to the few numbers of individuals available within 
an endangered species, it is prudent (and safer) to 
first test approaches in a common species before 
applying to the rare counterpart. This philosophy 

actually emerged because of early failures to 
directly apply cattle AI techniques to the cheetah 
(i.e., the epiphany that a “cheetah is not a cow” 
concept [10]). This led to the realization that little 
good information was available on the basic 
reproductive physiology of any of the existing 37 
species of felids, which, in turn, resulted in our 
developing the domestic cat as a model system. 
This, in turn, has permitted making many fasci-
nating discoveries on species-specific reproduc-
tive mechanisms, for example, a high rate of 
spontaneous ovulation in the clouded leopard 
(most felids are induced ovulators), resistance to 
exogenous gonadotropins in the ocelot, peculiar, 
protracted luteal function in the Iberian lynx, the 
ability of female cheetahs to mutually suppress 
their reproductive cycles, among other phenom-
ena (see reviews [5, 13, 17]). Such findings were 
the genesis for our encouraging the need for more 
species-specific research [3]. This point also is rel-
evant if fertility preservation tools developed for 
humans are to have application to wildlife because 
it will likely be essential to conduct initial studies 
in an appropriate (usually taxonomically related) 

       . Fig. 35.1 Wild species that are intensively managed 
ex situ by the Smithsonian’s National Zoological Park and 
partners: (1) black-footed ferret (Mustela nigripes), (2) 
cheetah (Acinonyx jubatus), (3) Eld’s deer (Cervus eldii 
thamin), (4) scimitar-horned oryx (Oryx dammah), (5) 

tufted deer (Elaphodus cephalophus), and (6) Przewalski 
horse (Equus ferus przewalskii). Ovarian tissue samples 
from these species have been cryopreserved and are 
currently stored in the Genome Resource Bank at the 
Conservation Biology Institute
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model. Besides the domestic cat as a target (for 
felids), other valuable models will include the 
domestic dog (for wild canids), red- or white- 
tailed deer (for wild cervids), brushtail possum 
(for rare marsupials), or common frog (for near- 
extinct amphibians). However, there are many 
animals so specialized that there are no experi-
mental species, for example, the two species of 
elephants, the five species of rhinoceroses, and the 
giant panda (among hundreds of others). Such 
cases likely will require more bold and straight-
forward actions directly to the target species, 
which is supportable if adequate fundamental 
reproductive knowledge is available [10, 16, 17].

It is also worth noting that some wildlife spe-
cies could be interesting natural models for vari-
ous human reproductive conditions. Such 
opportunities have recently been addressed and 
have ranged from the felids (for the ovarian tunica 
albuginea or for germinal vesicle (GV) character-
istics [3, 19]) to elephants (for uterine pathologies 
in aging females, stress-related infertility in a 
social group, and impact of obesity on reproduc-
tive function [11]). Most of these managed animal 
populations are comprised of many individuals of 
exact known genetic provenance and variation, an 
advantage for providing new insights into the role 
of the individual effect. For example, one could 
examine an individual component in a reproduc-
tive response to a gonadotropin treatment, oocyte 
quality, or gamete sensitivity to cooling, freezing, 
or thawing.

35.4   Ways by Which Oocyte and 
Embryo Culture in Domestic 
Animals and Humans Can Help 
Preserve and Extend Fertility 
in Females of Wild Species

The first-order priority for any fertility preserva-
tion approach is the capacity for successful 
in vitro culture of gametes or embryos. It is both 
technically and logistically possible to harvest fol-
licular oocytes from selected wild female donors 
(1) by transvaginal or transabdominal laparo-
scopic recovery or (2) directly from the ovaries 
after ovariectomy or death [16, 20]. In both 
instances, this approach requires IVM, which is 
known to produce less developmentally compe-
tent oocytes than counterparts matured in  vivo 
[21]. However, the collection of in vivo matured 

eggs is highly challenging because of the need to 
(1) develop the appropriate protocols to stimulate 
folliculogenesis with exogenous hormones and 
(2) identify the optimum time for collecting 
oocytes from preovulatory follicles. Thus, in 
pragmatic terms, it is more reasonable to rely on 
recovering immature oocytes from antral folli-
cles, a strategy that can be applied to prepubertal, 
pregnant, or even dead specimens (“gamete res-
cue”). For some domesticated mammals and 
humans, there have been common findings rela-
tive to oocyte IVM that likely will be relevant to 
wild animal applications. For example, it now is 
well established that the initial quality of the 
immature oocyte influences subsequent embryo 
developmental competence in  vitro and after 
embryo transfer [22, 23]. Strict selection criteria 
are useful for ensuring future developmental suc-
cess. For instance, some of the oocyte’s morpho-
logical traits (i.e., color and cytoplasm 
homogeneity and number of cumulus cell layers 
[24]) are important predictors for developmental 
competence and, more recently, follicle size [25], 
oocyte metabolism [26], and GV composition 
[27]. These same tools are readily adaptable to 
effectively evaluate oocyte quality in wildlife spe-
cies.

For genetic management programs involving 
endangered species, we would expect that IVM 
followed by IVF will be particularly useful for 
addressing issues related to aging. For example, 
cheetahs held in ex situ collections are well known 
for low reproduction success, which has resulted 
in many older, genetically important females in the 
population that still need to pass along their genes 
to the next generation [28]. Are there human-
related fertility preservation tactics that could be 
useful to rescuing the maternal genome of older 
individuals? It is clear that oocytes isolated from 
aged mice and human donors are compromised in 
ability to complete meiotic maturation and sup-
port embryo development [29]. Furthermore, 
oocytes from older mice and women are develop-
mentally sensitive to mitochondrial damage and 
exhibit a high incidence of aneuploidy [30]. There 
are perhaps alternatives to dealing with complete 
and “whole” old oocytes, for example, focusing on 
the GV as the target for rescuing valuable genetic 
materials. It now is known that the GV transferred 
into an enucleated counterpart oocyte can allow 
reconstituting a whole oocyte that (following elec-
trofusion and culture) supports normal meiosis 
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[31, 32]. This could also increase the source of 
“rescued” maternal genomes from genetically 
valuable individuals that die in ex situ collection or 
even in nature. Additionally, we recently have 
demonstrated that there are diffusible factors pro-
duced by cumulus-enclosed oocytes that appear 
especially valuable in oocyte salvage. For example, 
we have observed in the cat model that the detri-
mental effects of too few or absent cumulus cells 
can be overcome to ensure that such non-ideal 
oocytes can fully mature, fertilize, and develop 
in vitro [33].

Interestingly, there are unique challenges to 
IVM/IVF for many wildlife species because of 
reproductive seasonality. Oocytes collected during 
the quiescent season(s) of the year are likely to be 
resistant to conventional developmental culture, 
with evidence already observed in the red deer 
[34], domestic cat [35], and domestic dog [17]. The 
result generally is low, or non-existent, embryo 
production during most of the year. However, there 
is recent evidence that seasonal impositions on 
oocyte quality can be circumvented by in vitro cul-
ture modifications. For example, in our cat model, 
we have found that supplementing IVM medium 
with anti-oxidants and increased exogenous 
gonadotropin concentrations overcomes this sea-
sonal compromise and enhances embryo produc-
tion efficiency throughout the year [35]. Due to the 
unique reproductive cycle (obligatory prolonged 
ovarian inactivity) and gamete biology (ovulate 
GV oocyte and protracted maturation), IVM/IVF 
has been far from being successful in the domestic 
dog [17]. It was not until recently that our labora-
tory has reported the birth of seven domestic dog 
puppies from IVF of in vivo matured gametes [36]. 
In that study, we have observed that although 
metaphase II oocytes can be obtained on day 5 
after the LH surge, the gamete requires additional 
24 h within the oviduct to fully acquire develop-
mental competence. Because of the challenge in 
developing ARTs in the model species (i.e., domes-
tic dog), little progress has been made regarding 
in vitro embryo production in wild canids.

These ideas and practices are emerging from 
the substantial advances being made in the human 
fertility field that, in turn, is being driven by vast 
resources. One of the major underpinnings of all 
human IVF was the original development of a reli-
able culture medium for IVF of hamster oocytes, 
which then was applied to human  gametes in the 
laboratory [37]. Human IVF  technology then has 

progressed extremely fast to a point where new 
techniques that have enormous potential have not 
yet been applied to wild animals [37].

35.5   Oncofertility Preservation 
Approaches That Have Special, 
Potential Value for Wildlife

Currently, there are four strategies being inten-
sively investigated in the oncofertility field that 
are particularly attractive for helping achieve 
wildlife management goals.

35.5.1   Ovarian Tissue 
Cryopreservation

The ovarian cortex contains thousands of follicles 
at different developmental stages [38] that are 
recoverable from individuals at the time of ovari-
ectomy. Of course, a major goal in oncofertility is 
to develop reliable methods for preserving this 
source of the maternal genome from women or 
girls that may lose the capacity to produce viable 
oocytes after therapeutic treatments. Whole tissue 
cryopreservation concepts are highly relevant to 
preserving fertility potential in wildlife as well 
(including from adult or prepubertal individuals 
that might die unexpectedly). We have incorpo-
rated this practice into our routine zoological 
management program at the Smithsonian 
Institution and with other institutional partners. 
In this way, the oncofertility consortium and net-
working process is a model for wildlife operations 
because excellent communication and interdisci-
plinary cooperation are critical. In our case, this 
typically involves close collaboration with cura-
tors and veterinarians who expeditiously provide 
information about a death or medical emergency 
and then cooperate in excising fresh ovarian tis-
sue that is provided to the laboratory. Research 
staff then cut ovarian tissue into sufficiently small 
pieces to allow cryoprotectant permeation and 
cryopreservation. Our laboratory recently dem-
onstrated the value of vitrification over slow cool-
ing for preserving ovarian cortex and primordial 
follicles from prepubertal and adult cats [39, 40]. 
Optimal techniques are now being used to rou-
tinely bank ovarian tissue samples from a host of 
rare species, including the black-footed ferret, 
cheetah, Eld’s deer, scimitar-horned oryx, tufted 
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deer, and Przewalski horse among others (see 
. Fig.  35.1) [41]. Early results have been quite 
encouraging, revealing that ~80% of these prean-
tral follicles survive vitrification based on histo-
logical integrity, viability staining, and 
proliferation index (see . Fig. 35.2).

35.5.2   Ovarian Tissue Grafting

The success of transplanting human ovarian tis-
sue to produce viable oocytes (with the now sub-
sequent birth of multiple babies [42]) as well as 
the recent innovation in biological [43] and syn-
thetic [44] scaffold that supports ovarian function 
offers excitement and strong incentive for similar 
studies in rare wildlife species. Ovarian tissue 
grafting also has been studied in different species, 
such as the dog [45], pig [46], sheep [47], rhesus 
monkey [48], and lion [49]. In all cases, it has 
been possible to obtain normal-appearing antral 
follicles from grafted tissues placed in immune- 
deficient mice. When inseminated in vitro, recov-
ered oocytes from such follicles have the capacity 
to fertilize and form viable-appearing embryos. 
And occasionally, living offspring have been pro-
duced after transfer—in the sheep and macaque 
monkey—from oocytes derived from trans-
planted ovarian tissue [47, 48]. The benefits of 
such ovarian tissue xenografting would be similar 
to those of testis tissue transplantations, specifi-
cally in species that take several years to attain 
sexual maturity like elephants [11]. Again, a major 
target of interest would be the rescue of the 
genome of rare, genetically valuable individuals 
(in combination with the cryopreservation and 
storage of ovarian tissues). There is also enormous 

potential for generating new insights into (1) the 
significance of naturally diverse oocyte morphot-
ypes and mammalian follicular dynamics, (2) 
responsiveness to exogenous gonadotropins, and 
(3) the ability to achieve nuclear maturation and 
fertilization in varied culture conditions.

35.5.3   Follicle In Vitro Culture

Each ovary contains hundreds of thousands of 
immature follicles enclosing oocytes that are 
never ovulated and, thus, never contribute to 
reproduction. The ability to grow these follicles to 
a mature stage with a competent oocyte would be 
enormously beneficial, especially to young women 
cancer patients, many of whom are at risk for per-
manent infertility and early menopause from can-
cer treatment(s) [50]. Rescue of premature follicles 
would also be helpful for preserving genetically 
valuable animal models of human diseases as well 
as endangered wildlife where females often die 
before puberty. Thus far, live offspring have been 
produced from oocytes recovered from in  vitro 
grown mouse follicles [51]. But mouse protocols 
have had limited success when applied to larger 
species, including the human [52], as well as our 
research models, the domestic dog [53], and cat 
[54]. Although incubated follicles increase in size 
and produce steroids, resident oocytes have poor 
(<5%) development [52–54]. Nevertheless, the 
recent report on the production of meiotically 
competent oocytes after incubation of primordial 
stage follicles in the human has offered the first 
evidence that such approach can be accomplished 
in non-rodent models [55]. The lack of direct 
application of the mouse model is likely due to 

       . Fig. 35.2 Assessment of (1) histological structure 
(eosin/hematoxylin staining), (2) cell viability (calcein- AM 
staining), and (3) cell proliferation (PCNA immune 

staining) in follicles after vitrification of ovarian cortex in 
felids. For the three pictures, bar = 50 μm
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physical differences among species. For example, 
the size of a mature mouse follicle is 500–600 μm 
in diameter, whereas those of non- rodent models 
are 5- to 20-fold larger [56]. Mouse folliculogene-
sis occurs over a 10–12 day interval compared to 
at least 2–3 month for larger mammals [56]. Thus, 
in  vitro culture systems for follicles from larger 
species will likely require an alternative microen-
vironment to generate viable oocytes.

Our laboratory is interested in understanding 
the mechanisms regulating primordial follicle acti-
vation in the dog and cat as models for their wild 
counterparts. Studies to date have revealed remark-
able species-specific requirements for the in  vitro 
microenvironment (response to culture medium 
type and epidermal growth factor) [51, 56, 57]. 
Furthermore, domestic dog ovarian follicles embed-
ded in cortical tissue responded poorly to in vitro 
culture compared with cat tissues incubated under 
similar condition [55, 58]. We suspect that these 
species-specific differences perhaps are related to 
markedly varying biochemical requirements and 
rigidity of ovarian cortices [59]. Our findings on 
species-specific requirements and susceptibility to 
in  vitro culture underscore the need for studying 
biology of each individual taxon/species.

To date, much progress has been made toward 
creating in vitro microenvironment supportive of 
growth and maturation of multilayered ovarian 
follicles in non-rodent models [60]. A three- 
dimensional (3D) culture system encapsulating 
ovarian follicles in an alginate has provided 
encouraging results in the human [61], rhesus 
macaque [62], baboon [63], and cat [54]. The 3D 
physically retains cell-to-cell interactions while 
supporting proliferation, antrum formation, and 
steroidogenesis. One limitation is that ultimate 
size of the incubated follicles is only 10–20% of 
what occurs in  vivo [60], due to an inability to 
expand in the alginate, a non-degradable bioma-
terial. Part of this problem has been overcome by 
incorporating fibrin [64] or MMP-sensitive pep-
tides with alginate [65]; the fibrin and peptides 
are degraded by follicle-secreted proteases to 
allow self-expansion. The benefit of the former 
approach has been demonstrated in the baboon 
and macaque where meiotically competent 
oocytes have been produced from incubated iso-
lated preantral follicles [62, 63]. However, end- 
stage follicle size (500–800 μm) is still less than 
the minimal size in vivo (>1 mm) that produces 
an oocyte capable of meiosis. In sum, beyond 

what can be accomplished in the mouse, there is 
no culture system that provides consistent follicu-
lar growth from the preantral to advanced antral 
stage and a developmentally competent oocyte.

35.5.4   Oocyte Preservation

There has been extensive progress in both funda-
mental knowledge and practical application of 
cryopreserving mammalian oocytes [66]. Although 
the cooling, freezing, and thawing of an ovum are 
much more challenging than the spermatozoon or 
embryo, oocytes have been  consistently cold-stored 
and used to produce offspring in several species, 
with most success in mouse and human [66]. 
Furthermore, while conventional slow cooling has 
been extensively used, both mature and immature 
oocytes have been cryopreserved recently using 
ultra-rapid protocols, such as vitrification on elec-
tron microscope grids and cryoloops [66]. 
Importantly, immature oocytes appear to be more 
resistant to cryodamage than mature counterparts 
because cells at the germinal vesicle stage do not 
contain a temperature- sensitive meiotic spindle 
[67, 68]. This characteristic to withstand the stress 
of extremely low temperature is a significant reason 
to center more attention on the storage of imma-
ture oocytes. But, as with other approaches, there 
have been few comparative cryostudies in wildlife 
species, largely due to the lack of access to good 
quality oocytes [66]. Regardless, progress for wild-
life continues to be linked with parallel studies of 
taxonomically related domestic animal models and 
humans [37]. Certainly, continued advancements 
with the common cow, sheep, goat, cat, dog, and 
white-tailed deer would have relevance to more 
rapid progress with wild bovids, small ruminants, 
felids, canids, and cervids, respectively. It would 
also be prudent to explore novel approaches for 
oocyte/maternal genome storage. For example, 
desiccation has been successful for cat germinal 
vesicles [69, 70] and could be adapted to other spe-
cies, thereby allowing the stockpiling of female 
genomes at room temperature.

35.6   Conclusion and Prospects

Fertility preservation strategies used to ensure 
human reproductive health, including in the 
field of oncofertility, have significant secondary 
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advantages for conserving biodiversity. This is 
especially important because there is a growing 
portfolio of species management and recovery 
stories benefiting from assisted reproductive 
technologies and because the highest priority in 
conservation breeding is to retain gene diver-
sity. Fertility preservation approaches that are in 
place (or in development) for humans in fact are 
already protecting the maternal genome of indi-
viduals. Thus, there is compatibility and com-
mon purpose to these widely diverse targets 
(humans and wildlife). We can envision labora-
tories devoted exclusively to the organized col-
lection, culture, storage, and use of ovarian 
biomaterials from rare species. Furthermore, we 
foresee the staff of these facilities exploiting the 
methods developed by colleagues who are 
 working to ensure fertility in human patients. 
Perhaps there could be direct collaborations 
with mutual benefits. We also argue that human 
reproductive specialists could well take advan-
tage of new fundamental knowledge on biologi-
cal insights from studies of far-from- traditional 
animal species.

The major limiting factors for advancing fer-
tility preservation in diverse animals will con-
tinue to be the significant variance among even 
closely related species in specific reproductive 
mechanisms. This will extend to uniqueness in 
ability to survive cryopreservation and culture of 
tissues, follicles, and oocytes as well as dealing 
with the many complexities related to IVF, select-
ing/managing recipients, and conducting embryo 
transfer. However, this should not prevent us 
from exploring innovative approaches such as 
desiccation and storage of female gametes at 
room temperature (which could also benefit 
numerous non- mammalian species, such as birds 
and fishes).

Important, near-term priorities are clear, 
starting with more studies on readily available 
and probably domesticated species that can serve 
as appropriate models for wild counterparts. 
There is also a strong need to gain access to rare 
specimens that die or present opportunities for 
ovarian recovery during medical procedures in 
zoological collections or in the field. Finally, it 
seems wise to promote more interaction among 
stakeholders in all areas—whether human, live-
stock, laboratory animal, or wildlife-oriented. 
For example, there could be significant benefits 
from the establishment of a fertility preservation 

network, with benefits ranging from active com-
munication for sharing critical (or simply inter-
esting) information to opportunities for direct 
collaboration.
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 Review Questions and Answers

 ? Q1.  What are the values of reproductive 
studies in conserving wildlife?

 v A1.  Basic reproductive information (e.g., 
cycle, seasonality, litter size) for each 
species is critical for risk assessment 
specialists to calculate population status 
and then undertake research and 
mitigation priorities. Furthermore, basic 
and species- specific reproductive data 
are essential for two types of 
reproductive management, the first 
being adapting human- and livestock-
 related assisted reproductive 
technologies to developing alternatives 
to natural mating for retaining all gene 
diversity. The second involves “recovery,” 
situations where a species has become 
severely threatened, reduced in 
population size, and it has become 
essential that every animal reproduces to 
protect all gene diversity.

 ? Q2.  What are reproductive technologies that 
have been used in managing wildlife 
species ex situ and in what species?

 v A2.  Non-invasive hormone monitoring has 
been used to better understand 
reproductive norm and abnormality in 
various wildlife species, e.g., elephants, 
cheetah, clouded leopard, and Eld’s 
deer. Artificial insemination with fresh or 
frozen semen has been incorporated in 
ex situ management of the black-footed 
ferret, giant panda, and whooping 
crane. Finally, gamete and tissue 
preservation has also been utilized to 
extend fertility of several rare and 
endangered wildlife.
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 ? Q3.  What are the challenges in developing 
fertility preservation strategies in wildlife?

 v A3.  Species specificity in reproductive 
mechanisms requires studies to be 
conducted in a given animal taxon. 
Reproductive seasonality. For example, 
there are unique challenges to IVM/IVF 
for many wildlife species because of 
reproductive seasonality. Oocytes 
collected during the quiescent season(s) 
of the year are likely to be resistant to 
conventional developmental culture, 
with evidence already observed in felids 
and canids.

 ? Q4.  What are fertility preservation 
approaches that have potential value for 
wildlife?

 v A4.  There are four strategies being 
intensively investigated in the 
oncofertility field that are particularly 
attractive for helping achieve wildlife 
management goals: ovarian tissue 
cryopreservation, ovarian tissue grafting, 
in vitro follicle culture, and oocyte 
preservation.
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36.1   Assessment and Diagnosis

Given the diagnosis of IB1 invasive carcinoma and 
a strong desire of fertility preservation, the patient 
was offered a fertility-sparing surgery  – laparo-
scopic radical trachelectomy (LRT) with pelvic 
lymphadenectomy [2]. Considering the size of the 
tumor larger than 2.0  cm and the suspicious 
lymph node involvement, there was a possibility 
that a fertility preservation surgical treatment 
would not be possible; moreover, chemotherapy 
and pelvic radiotherapy should be indicated. It 
was suggested some other possibilities of fertility 
preservation to the patient, considering that an 
adjuvant approach would be gonadotoxic and 
cause damage to the uterus.

A multidisciplinary approach was conducted 
by the physician and nurse oncofertility special-
ists, in order to discuss with the patient the con-
cerns about damage and possible adjuvant 
therapies to maintain patient’s ovarian function, as 
well as strategies to fertility preservation [3]. The 
ovarian reserve was assessed by transvaginal ultra-
sound to antral follicle count (AFC) and by serum 
anti-Müllerian hormone (AMH) level. This evalu-
ation is important both for assessing the ovarian 
response to hormone stimulation and to evaluate 
future chemo/radiotherapy effect on the ovaries 
[4]. The results show an AMH of 2.3 ng/mL and 
AFC of 16. After a long conversation, due to 
patient’s high chance of undergoing gonadotoxic 
adjuvant approach, it was suggested combined 
oocyte and tissue cryopreservation, and surrogate 
was advised if radiotherapy was indicated.

36.2   Management

In order to not delaying oncologic treatment, it 
was decided with the patient to start ovarian 
stimulation immediately. She stopped the oral 
contraceptive and started a GnRH antagonist 
protocol with fixed gonadotropin dosing using 
250 IU of recombinant FSH for ovulation induc-
tion. After 13 days, oocyte maturation was trig-
gered at a peak estradiol level of 3830  pg/mL 
using 0.3  mg of triptorelin acetate (GnRH ago-
nist) to avoid ovarian hyperstimulation syndrome 
(OHSS). Twenty oocytes were retrieved, three 
eggs had morphological alteration, and 14 were 
mature and proceeded to vitrification 
(. Fig. 36.2a).

After 15 days of the ovarian harvest, the onco-
logic surgery was performed. The procedure 
started with a lymphatic mapping and cervical 
injection using 4  mL of blue dye. The bilateral 
lymphatic mapping was satisfactory with the 
finding of one sentinel lymph node on the right 
and two on the left side. The enlarged suspicious 
left iliac lymph node was also resected. All these 
lymph nodes were sent to frozen section, and all 
were negative for macrometastasis. A systematic 
pelvic lymphadenectomy with the LRT was per-
formed (. Fig. 36.1a) with a type B2 parametrial 
resection (. Fig.  36.1b) according to Querleu- 
Morrow Classification [5]. The uterine artery was 
preserved, and only the vaginal branch of the 
artery was transected. A cerclage with nonab-
sorbable suture was also performed. The endo-
cervical margin of the specimen was also sent to 

 Case Presentation

A 27-year-old asymptomatic 
woman was diagnosed of cervical 
intraepithelial neoplasia with 
severe dysplasia (CIN III) on a 
routine pap smear. A colposcopy 
was performed with the finding of 
endocervical acetowhite epithe-
lium. An excisional biopsy revealed 
a superficially invasive adenocarci-
noma. She was a nonsmoker and 
had no familial history of neoplasia. 
She was nulliparous, with no 
partner at the moment, and had 
intense desire for childbearing.

On the physical exam, the 
ectocervical mucosa was normal, but 
a 0.5 cm endocervical lesion was 
noticed. The parametrium and the 
vaginal fornix were free of 
involvement.

The cold knife conization was 
performed as standard protocol 
for cervical carcinoma. The 
specimen confirmed a grade 2 
adenocarcinoma measuring 2.2 cm 
of lateral extension and 0.7 cm 
stromal invasion without 
lymphovascular space invasion. 

The surgical margin resection was 
coincident with the neoplasia. A 
preoperative magnetic resonance 
imaging (MRI) was performed with 
the finding of no residual lesion at 
the cervix, but a slightly enlarged 
(1.2 cm), but homogenous, lymph 
node on the left iliac external 
region. The patient was clinically 
staged as IB1 cervical carcinoma 
according to the system put forth 
in 2009 by the International 
Federation of Gynecology and 
Obstetrics (FIGO) [1].
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frozen section and was free from neoplastic 
involvement.

A specialized oncofertility team performed the 
ovarian transposition to avoid the possible irradia-
tion field and a left ovary biopsy with removal of a 
4 × 2 cm slice of the cortex. The piece was divided 
into seven fragments of up to 1 cm and properly 
frozen (. Fig. 36.2b–d). The total time of the pro-
cedure was 330 minutes with minimal blood loss. 
The patient was discharged with 48 hours.

36.3   Outcome

Fortunately, the patient did not need adjuvant 
therapy, because the final pathology report shows 
that all pelvic lymph nodes were negative and 
atypical cells were only found in the trachelectomy 
specimen. Postoperative MRI of the uterus after 
the radical trachelectomy is shown in . Fig. 36.1c.

After 14  months of follow-up, with no evi-
dence of recurrence, the patient had spontaneous 

a b d

c

       . Fig. 36.2 a Mature (MII) oocytes retrieved after ovarian stimulation. b Slice of the left ovarian cortex. c Cortex 
fragments of up to 1 cm. d Ovarian tissue freezing

a c

b

       . Fig. 36.1 a Specimen of the radical trachelectomy. b Parametrial resection of the radical trachelectomy.  
c Postoperative MRI of the uterus after the radical trachelectomy
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pregnancy with good evolution, resulting in term 
birth at 39 gestational weeks by cesarean section.

Clinical Pearls and Pitfalls
 5 Cervical tumors larger than 2.0 cm are at 

increased risk of lymph node involvement.
 5 The cervical margins must be free of 

neoplasia to perform a fertility-sparing 
surgery with oncological safety.

 5 Chemotherapy and pelvic radiotherapy 
are strongly associated with ovarian 
failure and infertility.

 5 Strategies like oocyte and ovarian tissue 
cryopreservation should be indicated in 
cases at risk for pelvic chemo/radio-
therapy to preserve gametes.

Conflict of Interest All authors declare that they 
have no conflicts of interest.

 Review Questions and Answers

 ? Q1.  In cervical cancer, what are the possible 
causes of fertility loss?

 v A1.  The reproductive tract surgery itself, and 
the concurrent chemoradiation therapy.

 ? Q2.  In large cervical tumors with low stage, is 
it possible to perform a fertility- sparing 
surgery?

 v A2.  Yes, until IB1 stage, it is possible to 
perform radical laparoscopy 
trachelectomy with pelvic 
lymphadenectomy. If the cancer has 
spread to the tissues next to the uterus, 
or to any lymph nodes, radiation with 
chemotherapy is recommended.

 ? Q3.  Is there any indication for fertility 
preservation in cervical cancer patients?

 v A3.  Yes, to patients with possibility of 
chemoradiation indication, it is 
recommended to discuss oocyte/
embryo/ovarian tissue cryopreservation 
and ovarian transposition; moreover, 
surrogacy and even uterus transplant 
should be addressed.
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 Case Presentation

A 31-year-old, G1P0010, otherwise healthy single 
female with no pertinent past medical or surgical 
history presented to her gynecologist complaining 
of postcoital and intermenstrual bleeding. She 
reported that she had recently been treated for a 
Chlamydia infection and had a normal pap smear 
the previous year.

37.1   Assessment and Diagnosis

A pelvic examination revealed a 4–5  cm friable 
posterior cervical mass. Bimanual examination 
was concerning for parametrial invasion, and a 
cervical biopsy revealed squamous cell carcinoma 
with moderate differentiation. MRI demonstrated 
a 3.5 cm cervical mass with parametrial involve-
ment and possible enlargement of two lymph 
nodes. Given this clinical presentation, she was 
diagnosed with stage IIB squamous cell carci-
noma of the cervix.

37.2   Management

Fertility-sparing surgery is generally recom-
mended for women presenting with a well- 
differentiated low-grade tumor in its early stages. 
Surgery may include cervical conization or trach-
electomy for treatment of stage 1A1 to 1B1 cervi-
cal cancer that is less than 2  cm with limited 
endocervical involvement [1]. These treatments 
have been studied and were found to have similar 
surgical complication rates [2] as well as success-
ful fertility outcomes. A retrospective review of 72 
women following fertility-sparing vaginal radical 
trachelectomy found a conception rate of 43%. 
These conceptions resulted in 16% first trimester 
miscarriage, 4% second trimester miscarriage, 
and 72% third trimester deliveries [3].

While early cervical cancers may be treated 
successfully with surgical resection, treatment 
recommendations for stage IIB cervical cancer is 
primary radiation with radio-sensitizing chemo-
therapy. Primary radiation, as compared to pri-
mary surgical management, for locally advanced 
cervical cancer has been shown to have similar 
overall survival rates (74% vs. 83%) with less asso-
ciated morbidity (12% vs. 28%, P  =  0.0004) [4]. 
The addition of chemotherapy concurrently with 

primary radiation as a radio- sensitizer, an agent 
that makes tumor cells more sensitive to radiation 
therapy, has shown significant improvement in 
overall survival [5]. Women with locally advanced 
cervical carcinoma, like our patient (above stage 
IB1), are not considered candidates for radical 
primary surgery, and it was recommended that 
she receive chemoradiation [6].

37.3   Impact of Proposed Treatment 
on Future Fertility

Radiation is known to destroy follicles in the ova-
ries. The radio-sensitivity of the ovaries increases 
with age, likely related to diminishing ovarian 
reserve. Therefore, the ovaries of older patients are 
more radiosensitive than younger patients. Doses 
of 12–20  Gy may produce permanent sterility in 
most patients depending on age. Chemaitilly et al. 
evaluated the effect of treatment of childhood can-
cers with radiation on acute ovarian failure. It was 
found that 75% of females with acute ovarian fail-
ure had been exposed to abdominal- pelvic irradia-
tion. Further, while doses as low as 10  Gy were 
sufficient to cause acute ovarian failure in some 
patients, ovarian radiation in doses of at least 20 Gy 
was associated with the highest risk. More than 
70% of the patients in the study with acute ovarian 
failure were exposed to such high doses [7]. In 
addition to radiation injury to the ovaries, uterine 
damage may also occur at common doses. 
Radiation causes fibrosis and scarring and can lead 
to increased rates of infertility, miscarriage, prema-
ture delivery, and pregnancy complications. 
Subsequent pregnancy outcomes of patients who 
received radiation to the uterus were studied by 
Signorello et al. Uterine doses as low as 2.5–5 Gy 
(odds ratio = 4.3, 95% confidence interval = 1.4 to 
12.8; P = 0.01) resulted in low birth weight in 25.5% 
of the births and 36.2% of the births of survivors 
who received uterine doses of greater than 5 Gy [8].

Chemotherapy targets actively dividing cells 
and therefore kills mature ovarian follicles. The 
effect of chemotherapy on dormant follicles is 
variable, and therefore, it is possible that some 
ovarian function may be maintained, particularly 
in younger women. Older patients are more likely 
to have marked effects of chemotherapy and 
develop premature menopause owing to decreased 
primordial follicle counts. Further, the agents 
used in treatment have differing rates of ovarian 
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failure. Alkylating agents induce the greatest ovar-
ian damage with an odds ratio of 3.98, whereas 
platinum-derived chemotherapy is somewhat less 
likely to develop ovarian failure with an odds ratio 
of 1.77 [9]. The recommended agent for use con-
currently with radiation as a radio-sensitizer in 
cervical carcinoma is platinum- derivative.

This patient planned on receiving a total of 
55 Gy of external beam radiation in 25 fractions 
of 2.2 Gy each with concurrent weekly radio-sen-
sitizing cisplatin 40  mg/m2. This would be fol-
lowed by vaginal brachytherapy with tandem and 
ovids. She was counseled about the very high risk 
of permanent ovarian failure and damage to the 
uterus given these treatment modalities.

37.4   Fertility Preservation Options

Given the reproductive risks of cancer therapy, 
this patient was referred to a reproductive endo-
crinologist to discuss fertility preservation 
options. While embryo cryopreservation is an 
established method of fertility preservation with a 
predictable likelihood of success, this option is 
mostly reserved for women with a committed 
partner. Instead, oocyte cryopreservation, now 
considered standard of care, should be offered to 
postpubertal patients who do not have a partner. 
Success rates with vitrification in various popula-
tions have been estimated to be approximately 6% 
live birth rate per mature egg frozen. Both embryo 
and oocyte cryopreservation require ovarian 
stimulation, which typically takes about 2 weeks 
and involves treatment with injectable follicle- 
stimulating hormone, frequent office monitoring, 
and an egg retrieval procedure. Eggs or embryos 
may later be used to achieve pregnancy in the 
patient herself or in a gestational carrier. Given 
that our patient’s uterus will likely be compro-
mised by high-dose radiation therapy, she was 
extensively counseled about the high likelihood of 
needing to use a gestational carrier for future con-
ception. Another option that has gained consider-
able attention over the past few years is ovarian 
tissue cryopreservation. This is an investigational 
procedure which can be performed in prepuber-
tal as well as adult females. It requires removal of 
tissue (entire ovary or cortical biopsies) which is 
typically completed by a laparoscopic procedure 
followed by cryopreservation of small fragments 
of ovarian cortex. In order to conceive, tissue is 

typically transplanted orthotopically within the 
pelvis. Since the first documented pregnancy in 
2004 using this technique, there have been over 
130 live births reported after ovarian tissue trans-
plantation [10–11]. This option is less desirable 
for our patient since it is likely that she will not be 
able to carry a pregnancy herself and would have 
to go through IVF to create embryos later even 
after ovarian tissue transplantation.

Furthermore, in order to attempt to preserve 
ovarian function, it is possible for patients to 
undergo surgery to move the ovaries away from the 
field of radiation prior to treatment. This proce-
dure, called oophoropexy, can decrease the risk of 
ovarian failure related to the radiation exposure; 
however, this does not negate the chemotherapeu-
tic effects as previously discussed. Transposition 
involves releasing the utero- ovarian ligaments and 
suturing the ovaries above the pelvic brim. 
Typically, the ovaries are marked with surgical clips 
so that radiation mapping can be performed to 
avoid exposure to the ovaries. With this procedure, 
it has been shown that 41–71% of women are able 
to maintain ovarian function after radiation [12].

37.5   Outcome/Patient Course 
Following Diagnosis

After extensive counseling regarding the repro-
ductive risks of chemotherapy and radiation, as 
well as fertility preservation options available, this 
patient decided to undergo oocyte cryopreserva-
tion prior to cancer therapy. She had been amen-
orrheic on continuous oral contraceptives. An 
ultrasound was performed at her office visit, and 
five antral follicles were seen on one ovary, and 
the other ovary was difficult to visualize. AMH 
was not available at the time of the consultation 
but was found to be 3.1 ng/ml. The oral contra-
ceptive was discontinued, and she was started on 
375  IU of follicle-stimulating hormone, and a 
GNRH antagonist was started on day 8 of ovarian 
stimulation. On day 12 of stimulation, she had 10 
follicles over 15  mm in size, and she received 
1000  IU hCG and 80 units of Lupron to trigger 
the final maturation of the eggs. An egg retrieval 
was performed 36 hours afterward transabdomi-
nally via ultrasound guidance. The decision was 
made to undergo abdominal retrieval given the 
theoretical potential for seeding of the ovaries 
with cervical cancer during vaginal egg retrieval. 

Oocyte Cryopreservation in the Setting of Cervical Cancer
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A total of ten eggs were retrieved, seven of which 
were mature. The following week, the patient was 
taken to the operating room for laparoscopic 
ovarian transposition. This was performed with-
out complications, and the ovaries were noted to 
be only mildly enlarged a week after surgery. 
Radiation planning and chemoradiation were 
begun thereafter.

Clinical Points and Pitfalls
 5 Clinical points:

 Ȥ When primary surgery is not recom-
mended (locally advanced disease), the 
subsequent risks of radiation as well as 
chemotherapy on the female repro-
ductive system should be fully 
discussed. This includes the potential 
detrimental effect of both modalities 
on the ovaries as well as the uterus.

 Ȥ Regardless of stage, when a patient 
desires fertility options, the patient 
should be fully counseled on the 
options available to her as well as the 
potential outcomes of these options.

 5 Pitfalls
 Ȥ Patients who will need a gestational 
carrier should be screened as a donor 
at the time of oocyte banking.

 Ȥ Given the extent of disease, patients 
are often left without recommended 
options in fertility- sparing techniques.

 Ȥ Oocyte preservation methods, which 
typically take 2 weeks, should be 
managed in a timely fashion in order to 
prevent delays in treatment.

 Ȥ Transabdominal retrieval may be 
prudent for cervical or vaginal cancers 
that could be seeded to the ovaries.

 Ȥ Failure to discuss potential effects of 
treatment on the uterus could mislead 
a patient into the potential to carry a 
child in the future.

 Review Questions and Answers

 ? Q1.  Fertility-sparing surgery for cervical 
cancer (such as trachelectomy) should 
be offered in which of the following 
clinical situations?
(a) Stage 1A1 or 1A2

(b) 3 cm tumor
(c) Stage IIB
(d) High-grade tumor

 v A1.  (a)  Only low-grade, early-stage cervical 
cancer should be treated with 
trachelectomy.

 ? Q2.  Pelvic radiation therapy has been 
associated with the following 
pregnancy complications EXCEPT:
(a) Diminished ovarian reserve
(b) Preterm delivery
(c) Low-birth-weight infant
(d) Preeclampsia
(e) Miscarriage

 v A2.  (d)  Preeclampsia is not a known risk of 
pelvic radiation.

 ? Q3.  The success rate of mature oocyte 
cryopreservation in women under the 
age of 35 years is approximately:
(a) 3% live birth rate per oocyte
(b) 6% live birth rate per oocyte
(c) 9% live birth rate per oocyte
(d) 12% live birth rate per oocyte

 v A3.  (b)  In young patients, the live birth rate 
per thawed oocyte has been 
estimated to be 6%.
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38        . Fig. 38.1 CT chest demonstrating heterogeneous 
anterior mediastinal mass

 Case Presentation

A 29-year-old nulligravid woman 
presented to the emergency 
department with chest pain and 
shortness of breath. A com-
puted tomography (CT) scan of 
the chest was unremarkable, 
and she was discharged home. 
She returned 3 months later 
with worsening symptoms at 
which time a repeat chest CT 
scan demonstrated a new 
6.6 × 5 cm anterior mediastinal 
mass, suspicious for malignancy 
(. Fig. 38.1).

A CT-guided core biopsy 
was performed which suggested 
an atypical lymphoid infiltrate, 
but concurrent flow cytometry 
was non-diagnostic. Conse-
quently, she underwent a 
mediastinotomy which revealed 
a large-cell B-cell lymphoma, 
consistent with a primary 

mediastinal B-cell lymphoma 
(PMBCL). Fluorescent in situ 
hybridization (FISH) testing 
performed for risk stratification 
and prognostication revealed 
BCL6 and C-MYC gene 
rearrangements, consistent with 
a double-hit lymphoma. 
Positron emission tomography 
(PET)/CT scan performed to 
complete clinical staging 
revealed no evidence of 
lymphoma outside the 
mediastinum. Treatment with 
dose-adjusted rituximab, 
etoposide, prednisolone, 
vincristine, cyclophosphamide, 
and doxorubicin (DA-R-EPOCH) 
was planned.

Prior to initiating cancer 
treatment, the patient was 
referred for consultation with 
Reproductive Endocrinology and 

Infertility (REI) for discussion of 
options for fertility preservation. 
She reported regular menstrual 
cycles occurring every 25 days 
and was on the 13th day of her 
cycle at the time of this initial 
visit. She was in a monogamous 
relationship with a male partner 
using condoms for contracep-
tion. A transvaginal ultrasound 
revealed a 2 cm corpus luteum 
cyst and an antral follicle count 
of 14. Laboratory results 
revealed an anti-Mullerian 
hormone level of 1.105 ng/mL.

After discussing the 
gonadotoxic effects of the 
planned cyclophosphamide 
chemotherapy and reviewing 
the risks and benefits of several 
fertility-preserving techniques, 
the patient opted to pursue 
oocyte cryopreservation.

38.1   Assessment and Diagnosis

Primary mediastinal B-cell lymphoma (PMBCL) 
is an aggressive lymphoma that commonly affects 
young people, particularly females. Frequently, it 
manifests as a localized, bulky anterior mediasti-
nal mass as seen in this case [1]. A subset of these 
tumors harbors MYC, BCL2, and/or BCL6 trans-
locations. Multiple translocations can confer a 
double- or triple-hit lymphoma which portends a 
poor prognosis. The current standard of care for 
diffuse large B-cell lymphoma (DLBCL) is ritux-

imab, cyclophosphamide, doxorubicin, vincris-
tine, and prednisolone (R-CHOP). An alternate, 
more dose intense option for therapy for PMBCL 
and double-hit DLBCL is dose-adjusted ritux-
imab, etoposide, prednisolone, vincristine, cyclo-
phosphamide, and doxorubicin (DA-R-EPOCH). 
There was no difference in overall survival 
between R-CHOP and DA-R-EPOCH when con-
sidering all large-cell lymphoma patients. 
However, some data suggests DA-R-EPOCH may 
be superior for double-hit lymphomas and may 
allow for avoidance of consolidative mediastinal 
radiation for patients with PMBCL [1, 2].

The urgency of therapy for DLBCL varies 
along a continuum. While our patient was symp-
tomatic with her mediastinal tumor, she did not 
have evidence of airway obstruction or superior 
vena cava syndrome which would have warranted 
immediate therapy. Although initiation of therapy 
is time sensitive, the urgency is influenced by 
numerous variables including the subtype of 
DLBCL, symptoms, tumor bulk, and extent of 
organ involvement. This is unlike therapy for 
acute leukemia where therapy is often emergent 
or asymptomatic solid tumors where therapy can 
often be delayed pending completion of pretreat-
ment workup and evaluation.
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Ovarian stimulation for oocyte cryopreserva-
tion is conventionally initiated in the early follicu-
lar phase. This approach may delay the start of 
stimulation by as many as 3–4 weeks depending 
on the patient’s menstrual cycle phase at the time 
of initial presentation. In cases such as this where 
patients need to initiate cancer treatment urgently, 
alternate ovarian stimulation protocols can be 
used to minimize treatment delay. These proto-
cols typically utilize gonadotropin-releasing hor-
mone (GnRH) antagonists for prevention of 
ovulation as they afford the shortest time interval 
from cycle initiation to completion [3].

One example is a luteal halt protocol, used for 
patients who present in the luteal phase of the 
menstrual cycle. In this approach, GnRH antago-
nists and gonadotropins are initiated simultane-
ously in the luteal phase. A study comparing 
clinical outcomes with this protocol (n  =  12) to 
those of cancer patients who initiated stimulation 
during the follicular phase demonstrated similar 
numbers of total and mature oocytes retrieved, as 
well as comparable fertilization rates [4].

More recently, a random-start protocol has 
been advocated. In this approach, ovarian stimu-
lation with gonadotropins is initiated as soon as 
the patient is able to  – regardless of menstrual 
phase [5]. This protocol can be modified based on 
the specific menstrual phase in which a patient 
presents. For example:

 5 Mid-late follicular phase start (estradiol level is 
>100 pg/mL and dominant follicle is 
≥12 mm): Gonadotropins are started on 
presentation, and any spontaneous lutein-
izing hormone (LH) surge is disregarded. A 
GnRH antagonist is added when the second-
ary follicle cohort reaches 12 mm to prevent a 
premature secondary LH surge.

 5 Peri-ovulatory start (estradiol level is >200 pg/mL 
and dominant follicle is ≥17 mm): Ovulation 
is triggered with human chorionic gonado-
tropin (HCG) or GnRH agonist and gonado-
tropins initiated 2–3 days later. A GnRH 
antagonist is added when the secondary 
follicle cohort reaches 12 mm.

 5 Luteal phase start (progesterone level ≥ 3 ng/mL): 
Gonadotropins are initiated immediately, and 
GnRH antagonist is added when lead follicle 
is ≥12 mm. Note that estradiol levels cannot 
be used to guide initiation of the GnRH 
antagonist as they can be during conventional 
follicular starts.

A recent study comparing the outcomes of 35 ran-
dom-start cycles and 93 conventional-start cycles 
found no difference in the number of oocytes 
retrieved, oocyte maturity rate, mature oocyte 
yield, or fertilization rate. Among the random- 
start cycles, similar outcomes were observed for 
late follicular phase and luteal phase starts [6].

Unlike the luteal halt protocol which utilizes 
GnRH antagonists to induce corpus luteum 
regression, random-start protocols rely on spon-
taneous regression of the corpus luteum to occur 
during stimulation. This process may be expe-
dited by the suppressive effect of rising estradiol 
levels on endogenous LH secretion during ovar-
ian stimulation [5, 6]. Interestingly, similar num-
bers of dominant follicles were seen on the ovary 
with a corpus luteum and the contralateral ovary, 
suggesting that the presence of a corpus luteum or 
luteal phase progesterone levels did not adversely 
affect follicular synchrony or oocyte yield.

38.2   Management

The patient began ovarian stimulation 6 days after 
her initial consultation. Laboratory results 
obtained on the first day of stimulation were nota-
ble for an estradiol level of 134 pg/mL, a proges-
terone level of 2.96  ng/mL, and an LH level of 
13.7 mIU/mL – all consistent with the early luteal 
phase. A transvaginal ultrasound performed at 
that visit was notable for interval growth of the 
right corpus luteal cyst to 4 cm.

A random luteal start protocol was utilized 
with initiation of ovarian stimulation with 
300  units of highly purified human menopausal 
gonadotropin (hMG). On the eighth day of stim-
ulation with hMG, a GnRH antagonist was initi-
ated to prevent premature secondary LH surge. 
On the 11th day of stimulation, the patient’s estra-
diol level had increased to 518  pg/mL, and her 
progesterone level had decreased to 0.2  ng/
mL.  Transvaginal ultrasound was notable for 13 
dominant follicles (≥13  mm), and the decision 
was made to proceed with a cotrigger (80 unit of 
leuprolide acetate and 1000  units of HCG) that 
evening. Thirty-six hours later, the patient under-
went an ultrasound-guided oocyte retrieval.

This patient began therapy with DA-R- EPOCH 
the following day. Nadir counts were obtained 
after each cycle. Per protocol, doses were increased 
by 25% after each of the first three cycles.

Alternative Stimulation Protocols
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38.3   Outcome

Eight oocytes were retrieved and cryopreserved 
following the patient’s luteal start stimulation. 
Seven of these were mature (metaphase II) oocytes, 
whereas the eighth was an immature (metaphase I) 
oocyte. In patients with cancer, all oocytes, includ-
ing those that are immature, are cryopreserved to 
allow for future in vitro maturation. She recently 
completed her fifth of her six planned cycles of 
DA-R-EPOCH. Symptomatically, her shortness of 
breath is improving, and therapy has been well tol-
erated. Following her sixth cycle, a posttreatment 
PET/CT scan will be performed. The PET/CT 
results will help determine the need for consolida-
tive radiotherapy or surveillance alone.

Clinical Pearls and Pitfalls
 5 Some forms of cancer like B-cell lymphoma 

require urgent initiation of treatment. For 
these patients, alternative ovarian stimula-
tion protocols should be considered.

 5 Random start protocols can be adjusted 
to allow for a late-follicular, peri-ovula-
tory, or luteal phase start.

 5 Utilization of a random-start protocol 
minimizes delay in cancer treatment 
cycle without compromising oocyte 
yield and maturity.

 Review Questions and Answers

 ? Q1.  A 32-year-old nulligravid woman was 
recently diagnosed with breast cancer. 
Her oncologist has recommended she 
begins cancer treatment in the next 
6 weeks. She has regular menstrual 
cycles every 28 days and, at the time of 
initial REI evaluation, she is on the 11th 
day of her cycle with an estradiol level of 
218 pg/mL, an LH level of 4.2 mIU/mL, 
and a progesterone level of 0.78 ng/
mL. The patient would like to 
cryopreserve oocytes prior to starting 
treatment. What ovarian stimulation 
protocol would you recommend?

 v A1.  Since the patient’s oncologist has 
indicated that treatment can be deferred 

for 6 weeks, the patient is a candidate for a 
conventional ovarian stimulation protocol 
with the start of her next menstrual cycle. 
Based on her menstrual history and labs, 
she is in the late follicular phase, and her 
next menstrual cycle should occur in 
2–3 weeks. As most conventional 
stimulation protocols require 2 weeks 
from initiation of medications to oocyte 
retrieval, she will be able to complete the 
stimulation process within the 
recommended time frame even if she 
awaits her next menstrual cycle.

 ? Q2.  A 27-year-old gravida 2, Para 2 woman 
was recently diagnosed with B-cell 
lymphoma. Her oncologist has 
recommended that she begins cancer 
treatment within the next 2–3 weeks. 
She has regular menstrual cycles every 
27–29 days and, at the time of initial REI 
evaluation, she is on the 13th day of her 
cycle with an estradiol level of 256 pg/
mL, an LH level of 14.8 mIU/mL, and a 
progesterone level of 1.12 ng/mL. The 
patient would like to cryopreserve 
embryos prior to starting treatment. 
What ovarian stimulation protocol would 
you recommend?

 v A2.  The patient’s menstrual history and 
laboratory results suggest recent 
ovulation. Since the onset of menses 
typically occurs 2 weeks after ovulation, 
and ovarian stimulation can require up to 
2 weeks, the patient is not a candidate for 
a conventional ovarian stimulation 
protocol. Therefore, a random luteal start 
protocol is recommended to avoid delay 
in cancer treatment. This would involve 
starting gonadotropins immediately and 
adding a GnRH antagonist once the lead 
follicle is ≥12 mm.

 ? Q3.  A 36-year-old nulligravid woman was 
recently diagnosed with a glioma. Her 
oncologist has recommended that she 
begin cancer treatment as soon as 
possible, ideally within 2 weeks. The 
patient would like to cryopreserve 
oocytes prior to starting treatment. At 
the time of initial REI evaluation, she is 
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on the 12th day of her cycle with an 
estradiol level of 243 pg/mL, and an 
18 mm dominant follicle is noted on 
transvaginal ultrasound. Is this patient a 
candidate for oocyte cryopreservation? If 
so, what ovarian stimulation protocol 
would you recommend?

 v A3.  The patient’s menstrual history and 
laboratory results are consistent with the 
late follicular phase, with ovulation 
expected in the next 2–3 days. Like the 
patient from question two, she is not a 
candidate for a conventional ovarian 
stimulation. However, rather than await 
spontaneous ovulation to pursue a luteal 
start protocol, ovulation can be triggered 
with HCG or GnRH agonist and 
gonadotropins initiated 2–3 days later. 
With this protocol, she should be able to 
complete stimulation within the 
recommended time frame.
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39.1   Systemic Therapy and Impact 
on Fertility

Many chemotherapeutic agents used in breast can-
cer treatment have a direct impact on fertility and 
are known teratogens. The most commonly used 
regimens include alkylating agents (cyclophospha-
mide), anthracyclines, and taxanes. Alkylating 
agents have the highest risk of toxicity in certain 
regimens with amenorrhea in 40% of women 
<40 years old and in 76% of women >40 years old. 
Anthracyclines are also gonadotoxic, with a report-
edly high rate of amenorrhea, though lower than 
that of alkylating agents. Taxanes have a less well-
defined gonadotoxicity but have been reported to 
prolong the period of amenorrhea when used in 
conjunction with anthracyclines [1, 2].

Trastuzumab and pertuzumab are agents used 
specifically in the treatment of patients with HER2/
neu-positive breast cancers. These agents have 
known teratogenicity, with possible negative impli-
cations for fertility. The rate of amenorrhea with 
trastuzumab treatment is reportedly lower than with 

anthracyclines, but the correlation is not well under-
stood. The gonadotoxic effects of pertuzumab are 
also not well defined. Both agents are known to have 
direct fetal toxicity and are therefore contraindicated 
during pregnancy. Trastuzumab has been linked to 
oligohydramnios, pulmonary hypoplasia, skeletal 
abnormalities, and fetal death [3]. The exact toxicity 
of pertuzumab in human pregnancy is unknown, 
but the administration of pertuzumab to pregnant 
cynomolgus monkeys resulted in oligohydramnios, 
delayed fetal kidney development, and fetal death at 
exposures higher than the recommended dose in 
humans. It is recommended to delay any attempts 
for pregnancy for at least 7 months after completion 
of Her2/neu-directed therapy.

39.2   Radiation and Impact 
on Fertility

Radiation is an important aspect of breast cancer 
therapy. The amount of radiation that reaches the 
ovaries and uterus via scatter during breast/axillary 

 Case Presentation

A 32-year-old nulliparous 
woman palpated a mass in her 
left breast on routine self-breast 
exam. She presented to her 
gynecologist, who ordered 
diagnostic imaging. Imaging 
revealed a 3.0 cm irregularly 
shaped mass, BIRADS 4C. Core 
needle biopsy of this lesion 
showed invasive ductal 
carcinoma, ER positive (95%)/PR 
positive (95%)/HER2/neu 
positive (IHC 3+). Left axillary 
ultrasound was negative for 
evidence of axillary nodal 
abnormalities.

The patient’s family history 
was notable for a maternal 
grandmother with pancreatic 
cancer, maternal aunt with 
postmenopausal breast cancer, 
and a maternal uncle who was 
recently diagnosed with 
melanoma.

The patient was then 
referred to a breast care center 
for further evaluation and 
treatment planning. On physical 
exam, the patient had a 
palpable mass in the upper 

outer quadrant of her left breast. 
Otherwise, her breast exam 
revealed no skin or nipple 
changes, no nipple discharge, 
and no other palpable 
abnormalities. Additionally, she 
had no palpable axillary, 
cervical, or supraclavicular 
adenopathy, and her abdominal 
exam was normal. The patient’s 
case was then presented at a 
multidisciplinary breast cancer 
tumor board attended by 
surgeons, radiologists, 
pathologists, medical and 
radiation oncologists, genetic 
counselors, and nurse naviga-
tors. Given the patient’s young 
age, that her cancer was HER2/
neu positive, and that the size of 
tumor was greater than 2 cm, 
the patient was advised to 
proceed with a neoadjuvant 
chemotherapy regimen 
including adriamycin, cyclo-
phosphamide, and paclitaxel, 
along with bioimmune therapy 
including trastuzumab and 
pertuzumab. The patient’s 
course of systemic therapy 

would last 12 months. The risks, 
side effects, and benefits of 
systemic therapy were discussed 
at length with the patient. Upon 
further questioning by the 
treatment team, the patient 
stated that she was in a 
committed relationship and 
hoped to have children in the 
future.

On the same day that the 
patient was seen at the breast 
care center, she was urgently 
referred to a reproductive 
endocrinologist to discuss 
fertility preservation prior to the 
initiation of chemotherapy. The 
patient was also evaluated by 
the cancer genetics team, and 
after comprehensive genetic 
counseling and testing, the 
patient was found to carry a 
deleterious BRCA2 mutation. 
Additionally, to minimize 
exogenous hormone exposure, 
the patient followed up with her 
gynecologist for removal of her 
levonorgestrel-releasing IUD 
and underwent placement of a 
copper IUD.
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radiation is relatively low when compared to direct 
pelvic radiation. Thus, gonadotoxic effects of radia-
tion during treatment for breast cancer are unlikely. 
However, due to the potential risk of radiation scat-
ter effects, fertility preservation should be under-
taken prior to radiation therapy, and pregnancy 
should be delayed until after completion of radia-
tion therapy.

39.3   Fertility Preservation 
Evaluation

Breast cancer patients of childbearing age should 
have the opportunity to learn about and discuss 
the potential implications of their upcoming treat-
ments on their fertility. There are numerous 
important decision points in a patient’s cancer 
treatment to address future fertility. Using a deci-
sion tree similar to that found in . Fig. 39.1 can be 
a useful tool to streamline a patient’s counseling 
and decision-making [4]. Female patients inter-
ested in fertility preservation have multiple options 
available to them, as depicted in . Fig. 39.2 [5].

For women pursuing fertility preservation, 
baseline fertility is evaluated by measuring anti- 
Müllerian hormone (AMH), follicle-stimulating 
hormone (FSH), and/or estradiol levels. If dimin-
ished ovarian reserve is identified, a realistic dis-
cussion about the likelihood of successful oocyte 
retrieval and/or pregnancy should be undertaken 
prior to pursuing invasive fertility preservation 
options including oocyte retrieval and oocyte/
embryo cryopreservation. Any patients desiring 
future fertility should also be counseled about 
options for in vitro fertilization (IVF) with donor 
oocytes, gestational carrier with autologous or 
donor oocytes, and adoption.

39.4   Ovarian Stimulation for Oocyte 
and/or Embryo Cryopreservation

Ovarian stimulation with oocyte retrieval for 
either mature oocyte or embryo cryopreserva-
tion is the most well-established and successful 
option for fertility preservation. As such, con-
trolled ovarian stimulation (COS) is the recom-
mended fertility preservation option for 
postpubertal women with a good chance of 
responding to COS and adequate time to undergo 
COS. To avoid delay in cancer treatment,  typically 

a single cycle of COS is performed. The stimula-
tion protocol must, therefore, attempt to maxi-
mize the number of oocytes retrieved while 
avoiding ovarian hyperstimulation syndrome 
(OHSS) and other complications that could 
potentially delay cancer treatment. COS may be 
initiated at any point in the cycle, including the 
luteal phase. COS protocols utilizing GnRH 
antagonists typically allow more flexibility than 
other stimulation protocols [6].

COS increases the level of circulating estro-
gen; however, currently there is no prospective 
data showing that this brief period of increased 
circulating estrogen negatively affects the risk of 
recurrent breast cancer or cancer outcomes. 
Nevertheless, it is reasonable to administer an 
aromatase inhibitor concurrently with COS to 
minimize circulating estrogen levels.

39.5   Embryo Versus Oocyte 
Cryopreservation

Following COS, the patient undergoes oocyte 
retrieval. The patient can elect for cryopreserva-
tion of mature oocytes alone, or to pursue IVF 
followed by embryo cryopreservation. IVF can be 
performed using sperm from either a committed 
male partner or donor sperm. Prior to pursuing 
embryo cryopreservation with a male partner, the 
patient and her partner should be counseled on 
the legal rights for future disposition of the 
embryos. These rights may vary by the patient’s 
state of residence.

Previously considered experimental, cryo-
preservation of mature oocytes is now a standard 
and approved option for women who do not 
desire embryo creation. Thawed embryos have 
higher survival rate than thawed oocytes. Despite 
this, live birth rates and perinatal outcomes are 
similar with frozen embryo transfers and frozen 
oocyte-derived embryo transfers, 25% and 25.1%, 
respectively [5].

39.6   Ovarian Tissue Cryopreservation 
and In Vitro Follicle Maturation

Ovarian tissue cryopreservation (OTC) involves 
surgical excision of ovarian tissue (typically via 
laparoscopic unilateral oophorectomy), followed 
by cryopreservation of carefully prepared strips of 
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       . Fig. 39.1 Flow diagram depicting the numerous decision points for fertility preservation throughout a patient’s 
treatment. (Reprinted by permission from Giardino SL: Springer. Giardino et al. [4])
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ovarian tissue. OTC potentially offers a mecha-
nism to preserve thousands of follicles with a sin-
gle procedure. When childbearing is desired, 
autologous transplantation of the cryopreserved 
ovarian tissue can be performed. Currently, there 
is potential concern for reseeding of malignant 
cells with autologous ovarian transplantation.

In vitro follicle maturation (IVM) is a mecha-
nism to mature oocytes retrieved from either 
OTC or transvaginal retrieval of immature 
oocytes (such as in women unable or unwilling to 
undergo COS). Both OTC and IVM are currently 
considered investigational. There are some 
reported live births attributed to each method, 

and data about the safety and success of these 
methods continues to evolve in both the labora-
tory and clinical settings.

39.7   GnRH Agonist Therapy

Controversy exists over the efficacy of GnRH ago-
nists for ovarian protection during chemotherapy. 
Though often utilized, there is not clear data dem-
onstrating benefit in terms of future fertility out-
comes. Some reports do document higher rates of 
resumption of ovarian function (menstruation, 
ovulation) following chemotherapy with concur-
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or adoption
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       . Fig. 39.2 Effects of cancer treatments on fertility (Panel a) and options for fertility preservation (Panel b). (Courtesy 
of Jeruss and Woodruff [5])
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rent GnRH agonist use. If a patient elects to pro-
ceed with GnRH agonist therapy during 
chemotherapy, she should be counseled that this is 
an “off label” use of this medication. Nevertheless, 
GnRH agonists may be offered, particularly for 
patients electing not to pursue more invasive fer-
tility preservation options [7].

39.8   Preimplantation Genetic 
Diagnosis

Young patients with breast cancer are recom-
mended to undergo genetic evaluation to help 
identify deleterious hereditary breast and ovarian 
cancer (HBOC) gene mutations. Identification of 
these deleterious mutations impacts treatment 
planning, including potential recommendations 
for bilateral mastectomy and bilateral salpingo- 
oophorectomy. Additionally, if a deleterious muta-
tion is identified, preimplantation genetic 
diagnosis can be performed on cryopreserved 
embryos or cryopreserved oocyte-derived 
embryos. Patients may then select for implantation 
of embryos without the harmful gene mutation.

39.9   Clinical Presentation 
Conclusion

The patient’s fertility evaluation revealed normal 
ovarian reserve. Prior to initiating chemotherapy, 
the patient underwent a luteal-phase start con-
trolled ovarian stimulation with oocyte retrieval. 
She elected to cryopreserve 15 mature oocytes. 
After completing neoadjuvant chemotherapy, 
repeat diagnostic imaging showed a decrease in 
tumor size to 2 cm. She elected breast-conserving 
therapy to retain the ability to breast feed in the 
future. Due to her BRCA2 mutation, she planned 
to pursue bilateral mastectomies after completion 
of childbearing. She subsequently completed 
4 weeks of radiation therapy and 1 year of treat-
ment with trastuzumab.

Given that the patient was younger than 
35  years of age, she then initiated antihormonal 
therapy, along with ovarian suppression. After 
2 years of antihormonal therapy, the patient and 
her partner elected to pursue pregnancy. Under 
the supervision of her medical oncologist, she dis-
continued her antihormonal therapy. After a 
3-month washout period, her cryopreserved 

oocytes were thawed, and IVF was performed. 
She and her partner elected to perform preim-
plantation genetic diagnosis and selected an 
embryo negative for her BRCA2 mutation for 
implantation. She ultimately delivered a healthy 
female infant and breastfed for 6  months. She 
resumed antihormonal therapy to complete a 
total of 10 years. After completion of breastfeed-
ing, she underwent bilateral mastectomies. At the 
age of 40, she underwent risk-reducing bilateral 
salpingo-oophorectomy.

39.10   Pregnancy After Breast Cancer

There is insufficient prospective long-term out-
comes data to counsel patients regarding the opti-
mal timing for pregnancy after breast cancer and 
impact of increased circulating estrogen levels on 
recurrence risk. Adoption and gestational carrier 
options should be discussed with breast cancer 
patients. For those wishing to pursue pregnancy, 
typically 18–24 months of endocrine therapy fol-
lowed by a 3-month “wash out” period is recom-
mended prior to conception. The Pregnancy 
Outcome and Safety of Interrupting Therapy for 
Women with Endocrine Responsive Breast 
Cancer (POSITIVE) (NCT 02308085) is an ongo-
ing clinical trial to establish long-term outcomes 
data on the impact of pregnancy in this patient 
population.

Clinical Pearls and Pitfalls
 5 Contraception should be discussed with 

the patient while undergoing the 
entirety of treatment, as many of these 
breast cancer therapies are known 
teratogens (including tamoxifen).

 5 Regardless of anticipated treatment, 
relationship status, or future childbear-
ing plans, it is important to address fertil-
ity preservation with young patients 
upon diagnosis. Several breast cancer 
treatments may lead to premature 
ovarian failure.

 5 Cryopreservation of mature oocytes is an 
option for patients without a male 
partner or available donor sperm. 
Oocyte cryopreservation has similar live 
birth rates as embryo cryopreservation.

 D. M. Scott et al.
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 5 For patients with HBOC gene mutations, 
PGD allows testing for and selection of 
embryos without these mutations.

 5 There is an ongoing clinical study 
(Pregnancy Outcome and Safety of 
Interrupting Therapy for Women with 
Endocrine Responsive Breast Cancer 
NCT02308085) that will address the 
impact of interruption of endocrine 
therapy, with the goal to facilitate 
pregnancy, on breast cancer recurrence.

 Review Questions and Answers

 ? Q1.  What would this patient’s fertility options 
be if she declined or was not offered 
fertility preservation prior to 
chemotherapy?

 v A1.  Gonadotoxicity and amenorrhea rates 
vary by chemotherapeutic agent, with 
combinations of adriamycin, 
cyclophosphamide, and paclitaxel 
having high rates of prolonged 
(≥24 months) amenorrhea even among 
women ≤40 years old [8]. Regimens that 
omit cyclophosphamide and alkylating 
agents have lower rates of amenorrhea, 
and, therefore, preservation of fertility 
may be more likely. For patients with 
permanent ovarian dysfunction after 
chemotherapy, fertility options include 
in vitro fertilization with donor oocytes 
and adoption. Patients may also opt to 
use a gestational carrier.

 ? Q2.  What are the ethical implications for 
cryopreservation of embryos compared 
to mature oocytes?

 v A2.  The creation of embryos with a partner’s 
sperm adds a potential layer of 
complexity to fertility preservation. Laws 
vary by state, but typically both parties 
have legal rights regarding the 

disposition and disposal of the 
cryopreserved embryos. As such, a 
patient may be unable to use 
cryopreserved embryos if the 
relationship dissolves in the future. A 
patient may, therefore, wish to consider 
cryopreservation of mature oocytes and 
also embryos if appropriate.

 ? Q3.  What are the ethical implications for 
preimplantation genetic diagnosis?

 v A3.  Though life altering, heterozygous HBOC 
gene mutations are not inherently lethal 
mutations. As such, there is some 
controversy about the use of 
preimplantation genetic diagnosis in this 
setting. Patients with an HBOC gene 
mutation should be counseled about the 
availability of preimplantation genetic 
diagnosis.
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40.1   Assessment and Plan

Her reproductive history was unremarkable for 
infertility. She experienced menarche at age 12, 
and her menstrual cycles were regular, every 
28 days. She was using a copper IUD for contra-
ception. Her medical history was positive for 
migraines, and her surgical history was of wis-
dom teeth extraction and the two operative deliv-
eries. She reported no family history of breast, 
ovarian, or prostate cancer. Her father was a sur-
vivor of lymphoma. The patient was on day 16 of 
her menstrual cycle. At the time of consultation, 
tumor ER/PR/HER2 staining and BRCA 1/2 
mutation testing were not yet known, and as 
medical oncology consultation was pending, it 
was unclear whether the immediate plan was sur-
gical or alkylating agent-containing neoadjuvant 
chemotherapy.

The following issues were discussed with the 
patient: toxic effect of alkylating-based chemo-
therapy on primordial follicles and risk of subfer-
tility and ovarian failure [1]. With receptor status 
unknown, possible future recommendation for 
extended use of endocrine therapy (with a selec-
tive estrogen receptor modulator such as 
Tamoxifen®) which would further delay attempts 
at conception and therefore potentially impact 
fertility, was discussed. The option to undergo fer-
tility preservation (FP), in order to store oocytes 
or embryos prior to receiving chemotherapy, was 
raised. A brief description of the protocol and 
process required to undergo controlled ovarian 
stimulation (COS), oocyte retrieval, and oocyte 
cryopreservation by vitrification (or fertilization 
with sperm and embryo cryopreservation) was 
outlined. In the case of oocyte cryopreservation 
(OC), the need for future oocyte thaw, fertiliza-
tion by intracytoplasmic sperm injection (ICSI), 
embryo development and transfer, should her 

own ovarian function be insufficient to allow fer-
tility in the future, was explained. Expected live 
birth rates, for her age, were reviewed based on 
the best current literature [2], emphasizing that 
statistics are only averages and a live born out-
come could not be guaranteed. Other options, 
such as oocyte donation, adoption, or not expand-
ing her family, should the patient choose not to 
undergo FP, and should fertility be compromised 
by cancer treatment, were also discussed.

The patient expressed concerns regarding the 
safety of being on fertility medications with her 
breast cancer diagnosis. Although hormone status 
was pending at the time of consultation, we 
explained that protocols for ovarian stimulation 
in the setting of possible estrogen-sensitive hor-
mones would include the concurrent use of an 
aromatase inhibitor with gonadotropin stimula-
tion to minimize the pharmacologic rise in estra-
diol that would normally accompany COS [3]. 
Published studies have not reported poorer sur-
vival or higher recurrence risk, though few publi-
cations on the long-term effect of having 
undergone COS for fertility preservation on prog-
nosis of breast cancer exist [4, 5].

The patient was also concerned that FP would 
delay her cancer treatment. In the past, COS was 
required to be started on menstrual cycle day 
2 to 3. However, with current “random”-start pro-
tocols, the timing of COS and ovum retrieval is 
not dictated by the menstrual cycle. It was 
explained that COS and ovum retrieval would 
require approximately 12–14  days and could be 
started at any time of her menstrual cycle [6]. 
Studies have demonstrated that cancer therapy is 
not significantly prolonged in women who choose 
to undergo FP versus those who decline [7], and 
the patient was reassured by this data.

The cost of treatment was also a concern for 
the patient. Fortunately, in Ontario, Canada, 

 Case Presentation

Following a recent diagnosis of 
breast carcinoma, a 33-year-old, 
G2, P2 woman was referred by 
her surgeon for discussion of 
potential effects of cancer 
therapy on future reproductive 
function and fertility preserva-
tion (FP). She had noted a lump 
in her left breast 3 months prior 

and was referred to the rapid 
breast cancer clinic for 
evaluation. Mammogram and 
ultrasound confirmed a 4 cm 
suspicious left upper quadrant 
lesion in the left breast. Lymph 
nodes appeared benign clinically 
and by imaging. Ultrasound- 
guided needle biopsy and rapid 

pathology confirmed grade lll 
invasive ductal carcinoma, 
focally suspicious for lymphovas-
cular tumor emboli. She was 
simultaneously referred to 
medical oncology and the 
fertility clinic on the day after 
biopsy, when pathology 
confirmed malignancy.

 E. M. Greenblatt et al.
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urgent FP (sperm cryopreservation in males; COS 
and egg cryopreservation in females) for patients 
facing possible sterility or infertility due to medical 
therapy for cancer and other conditions is funded 
by the provincial Ministry of Health. Although 
medication costs are not funded, the patient was 
encouraged to verify if her insurance plan would 
cover these, and if not, an application for the dis-
pensing of compassionate fertility medications 
would be requested from pharmaceutical partners.

The patient was encouraged to review the 
online information that is available to all patients 
planning to undergo in vitro fertilization (IVF), 
and to speak with her family. The clinic “Online 
Resources for Young Adults with Cancer” was 
provided as well. The oncofertility nurse practitio-
ner confirmed with the patient’s oncology team 
that they would support the patient’s choice to 
undergo COS and oocyte extraction.

40.2   Management

Two days after consult, the patient contacted the 
clinic and relayed that she wanted to undergo 
COS and OC. She underwent a transvaginal ultra-
sound (TVUS) (cycle day 21) which revealed that 
the patient was in the luteal phase with a proges-
terone level of 31  ng/ml, estradiol level of 
366 pmol/L, and AMH of 54 pM. The right ovary 
had an antral follicle count (AFC) of over 20, and 
the left ovary had a similar high AFC with the 
presence of a corpus luteum.

The patient was assigned to start gonadotropin 
stimulation (recombinant FSH, 200 unit subcut 
daily) with concomitant daily 5 mg letrozole orally. 
Cycle monitoring with hormone evaluation and 
TVUS to follow follicular growth (estradiol, LH, 
progesterone levels) were performed on day 4, 7, 8, 
and 9 after gonadotropin/letrozole initiation. On 
the 6th day of stimulation, a GnRH antagonist 
250 μg subcut daily was initiated to prevent prema-
ture luteinizing hormone (LH) surge and prema-
ture ovulation. After 9  days of stimulation, there 
were 13 follicles with diameter greater than or 
equal to 15  mm, 9 of which had diameter of 
17–21 mm with an estradiol level of 462 pmol/L. The 
patient was instructed to self- administer 250  μg 
recombinant hCG subcut, and ultrasound-guided 
transvaginal ovum retrieval under mild sedation 
(midazolam 1.5 mg and fentanyl 125 mcg IV) was 
performed 36 hours later. Seventeen oocytes were 

recovered, of which 15 had completed meiosis, 
were fully mature (metaphase ll), and were cryo-
preserved by vitrification. The patient was 
instructed to continue on letrozole 5  mg orally 
daily for another 2  weeks, to prevent the antici-
pated secondary, postretrieval rise in estradiol.

40.3   Outcome

The patient had no COS-related, procedural or 
postprocedural complications. Her tumor hor-
mone markers were all negative (triple-negative 
tumor; ER/PR/HER2) as was her BRCA 1/2 muta-
tion screening. Following consultation with her 
medical oncologist, she was entered into the 
KEYNOTE trial for triple-negative cancer 
patients, which she is currently undergoing. 
Definitive surgery will be delayed until after com-
pletion of neoadjuvant chemotherapy.

Clinical Pearls and Pitfalls
 5 Do not assume that a patient is not 

concerned about future fertility based 
on age, gender, sexual orientation, 
current family size, or structure.

 5 Early referral allows the patient more 
options to decide what the best care is 
for her.

 5 Current “random-start” protocols 
generally allow oocyte or embryo 
banking to be completed within 
12–14 days.

 5 At this time, estrogen-sensitive tumors 
are not necessarily a contraindication for 
COS, and adjuvant SERMs or aromatase 
inhibitors can be included in the protocol.

 Review Questions and Answers

 ? Q1.  If a patient already has children, is it 
worthwhile to refer her for a fertility 
preservation consultation?

 v A1.  As per ASCO [8], the possible effect of 
cancer treatment on future fertility must 
be discussed with all patients of 
reproductive age and appropriate referral 
to a fertility preservation team offered.

Oncofertility Case Study: Breast Cancer in a 33-Year-Old Woman
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 ? Q2.  What categories of medications are used 
to reduce estrogen exposure in 
stimulation cycles in patients with 
hormone-sensitive tumors?

 v A2. Aromatase inhibitors [3] and/or SERMs [9].
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41.1    Assessment and Diagnosis

MRI of the breast revealed a 3.5 cm mass within 
the right breast as well as a satellite 0.9 cm lesion. 
There are multiple enlarged lymph nodes within 
the right axilla, the largest being 3.2 cm. Biopsy of 
the large lesion within the breast is positive for an 
invasive ductal carcinoma, grade 2–3. The tumor 
is estrogen negative, progesterone negative, and 
HER2/neu positive. The patient has also under-
gone a right axillary lymph node biopsy again, 
which was positive for metastatic adenocarci-
noma of the breast. The patient underwent a CT 
scan of the chest, abdomen, and pelvis and a bone 
scan, without evidence of metastatic disease.

Breast cancer was staged as stage III at this time. 
Neoadjuvant cytotoxic therapy, with Taxotere, car-
boplatin, trastuzumab, and pertuzumab chemo-
therapy, was recommended. Although HER2/neu 
breast cancers are typically more aggressive, the 
selected treatment protocol is the most effective 
treatment available. Treatment is given with cura-
tive intent. The patient was informed of the poten-
tial side effects of chemotherapy such as fatigue, hair 
loss, neuropathy, cardiac toxicity myelosuppression, 
and infertility. The patient was most concerned 
about the long- term effects on fertility. Therefore, a 
request for reproductive endocrine evaluation was 
made.

Reproductive endocrine assessment involved 
testing of ovarian reserve and polycystic ovary syn-
drome. Given the compressed timeline for evalua-
tion and her desire to bank (freeze) eggs or 
embryos prior to initiating treatment for breast 
cancer, the following tests were performed on cycle 
day 7: serum AMH 11.0 ng/ml, FSH −7.1 mIU/ml, 
estradiol 85 pg/ml, transvaginal pelvic ultrasound 
with antral follicle count greater than 15 for each 
ovary  – consistent with polycystic ovarian archi-

tecture, prolactin 22.2  ng/mL, TSH abnormally 
elevated at 5.070 μIU/ml, repeat TSH also abnor-
mally elevated at 4.960  μIU/ml, Free T4 was 
0.98  ng/day, absence of thyroid peroxidase and 
thyroglobulin antibodies and normal thyroid 
gland by physical examination. Both ovaries were 
confirmed to be accessible for transvaginal ultra-
sound-guided egg retrieval. Her reproductive 
endocrine diagnosis was of normal ovarian reserve, 
evidence of polycystic ovary syndrome, and sub-
clinical hypothyroidism, of which further evalua-
tion and potential treatment were deferred due to 
the compressed timeline needed to complete egg 
or embryo banking and begin chemotherapy.

41.2    Management

Medical oncology expressed concern about mini-
mizing the delay in starting chemotherapy 
because of the advanced nature of her disease. 
Fertility preservation plan was designed not to 
delay the start of potentially curative therapy.

Fertility preservation treatment plan was ovu-
lation induction with egg retrieval, IVF therapy, 
and cryopreservation of embryos of an advanced 
developmental stage. The initial plan was to start 
ovulation induction on day 2 of her upcoming 
menses. New information regarding the patient’s 
malignancy being of a more advanced stage was 
the compelling factor to plan an earlier start of 
chemotherapy. Likewise, the fertility preservation 
timetable was accelerated to begin ovulation 
induction in her current luteal phase 6 days prior 
to the anticipated start of her menses – 2 weeks 
after initial presentation to her infertility special-
ist. There is reliable evidence that ovulation 
induction started in the luteal phase of the  
menstrual cycle can yield good follicle recruit-

 Case Presentation

A 34-year-old nulliparous female 
presented with a self-discovered 
4 cm, firm, mobile mass in the 
upper, outer quadrant of her right 
breast. Her mother is a breast 
cancer survivor, diagnosed at age 
45, and was BRCA negative. The 
patient also had polycystic ovary 
syndrome based on a long history 

of irregular menstrual cycles, mild 
facial and lower abdominal hair, 
acne, and mild acanthosis 
nigricans on the nape of the neck. 
She last used hormonal 
contraception 4 years prior to 
initial presentation. Menstrual 
cycles were more regular in the 
past year. Current medications to 

treat anxiety and depression 
included sertraline, lamotrigine, 
and oxcarbazepine. She had no 
other medical illness in the past 
or at presentation. The patient 
and her husband were just 
beginning efforts to become 
pregnant at the time she 
discovered her breast mass.

 M. S. Mersol-Barg and J. H. Margolis
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ment and oocytes that have normal reproductive 
potential [1, 2]. The addition of letrozole can sup-
press serum estradiol levels during ovulation 
induction. For women with estrogen receptor-
positive breast tumors, it has been posited that an 
abnormally high serum estradiol level from ovu-
lation induction may promote breast tumor 
growth. It may follow that suppression of serum 
estradiol levels by an aromatase inhibitor such as 
letrozole may reduce this potential risk of exacer-
bating malignant breast disease [3]. Although 
immunohistologic results of breast tumor tissue 
for this patient did not identify the presence of 
estrogen or progesterone receptors, there is the 
possibility of tumor cell receptor heterogeneity. 
We felt it prudent to take every precaution includ-
ing the use of letrozole in her ovulation induction 
protocol. The patient’s ovulation induction proto-
col was as follows: letrozole 5 mg/day × 5 days and 
FSH medications, rFSH 225 IU/day and Menopur 
75  IU/day × 8  days, GnRH antagonist daily the 
last 4 days prior to GnRH agonist, and leuprolide 
1  mg injection, to trigger LH surge on day 9 of 
treatment. On day 9 of treatment, there were 21 
follicles in a range of 20–12 mm average diameter 
between both ovaries. Peak serum estradiol level 
was elevated to 2867 pg/ml on day of GnRH ago-
nist trigger.

41.3    Outcome

Egg harvest was performed 36 hours after GnRH 
agonist trigger. The patient underwent the pro-
cedure with intravenous conscious sedation and 
had an uneventful recovery. Thirty-five eggs 
were recovered, 26 of which had completed mei-
osis II (M2). All 26  M2 stage eggs underwent 
in vitro fertilization. Insemination by intracyto-
plasmic sperm injection (ICSI) was performed 
4 hours after egg harvest. The first day after egg 
retrieval, 21 of 26 inseminated eggs had fertil-
ized normally forming zygotes. By day 6 of 
embryo culture, 13 pre-embryos developed to a 
good or fair blastocyst stage embryo suitable for 
cryopreservation and long-term storage. Should 
the patient’s future health be sufficiently well 
providing her the opportunity to become preg-
nant, she has a very good prognosis for a suc-
cessful pregnancy with warming and transfer of 
a single pre-embryo into her uterus [4]. Should 

she experience amenorrhea due to menopause as 
a result of her chemotherapy, hormone replace-
ment therapy including both estrogen and pro-
gesterone may be necessary to properly prepare 
her uterus for pregnancy.

Two days after egg collection, the patient 
began chemotherapy. Prior to starting chemo-
therapy, she was given a long-acting GNRH ago-
nist goserelin to reduce the risk of early menopause 
and to increase the odds of a completely natural 
pregnancy. The benefit of GNRH agonist in pre-
venting chemotherapy-induced menopause is 
controversial [5–8]. Some trials have shown ben-
efit in preventing early menopause, while others 
have not. There is insufficient evidence to declare 
true fertility potential will be preserved [9, 10]. 
The use of GNRH agonists does not seem to 
increase the risk of malignancy relapse. Recent 
large clinical trials using GNRH agonist with 
endocrine therapy, tamoxifen or exemestane, in 
premenstrual women with estrogen-positive can-
cer have shown an improvement in disease-free 
survival [7, 8].

The patient was at risk for OHSS due to PCOS 
and 36 eggs were harvested. Mild ovarian hyper-
stimulation syndrome (OHSS) developed 12 days 
after egg harvest and 10 days after the administra-
tion of goserelin. Signs and symptoms were a 
10-lb weight gain, moderate abdominal disten-
tion with ascites to the level of her umbilicus, 
moderate shortness of breath when lying supine, 
good urine output, and normal hematocrit indi-
cators for the absence of hemoconcentration. 
GnRH agonist leuprolide single-dose injection 
was administered in place of traditional hCG 
single- dose injection 2 days prior to egg harvest 
per protocol in order to reduce the risk of OHSS 
that would be exacerbated had she taken the hCG 
injection. Goserelin and chemotherapy were 
administered 2 days after egg harvest. Goserelin 
induces an initial increase of gonadotropin release 
in the first 10  days from administration termed 
“upregulation” followed by prolonged cessation of 
gonadotropin release termed “downregulation.” 
This initial gonadotropin upregulation 2–12 days 
after egg retrieval further stimulated the ovaries 
and served as a significant contributing cause of 
her OHSS. She began to feel better with a decline 
in weight, dyspnea, abdominal distention, and 
discomfort by 14 days after the start of goserelin 
therapy as expected.

Fertility Preservation: Convergence of Newly Diagnosed Breast Cancer, Desired…
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Clinical Pearls and Pitfalls
 5 Before cancer therapy is started, patients 

and the parent(s) of children and adoles-
cent patients with current and future 
fertility potential should be provided with 
education about the possibility of 
infertility resulting from cancer therapy. A 
multidisciplinary team of medical 
providers, coordinated by a patient 
navigator, should discuss fertility preserva-
tion options and refer these patients to 
appropriate reproductive specialists [11].

 5 Fertility preservation options proven 
with greatest reliability include cryo-
preservation of gametes—sperm and 
eggs—and embryos through in vitro 
fertilization therapy. Ovarian tissue 
cryopreservation has emerged with 
more limited success. In vitro gamete 
maturation from immature sperm or 
eggs followed by cryopreservation is in 
its nascent stage of study [12].

 5 Challenges in choosing fertility preserva-
tion include ensuring thorough patient 
and family education, ethical consider-
ations, time to treatment, and financial 
resources.

 5 Luteal phase start of ovulation induction 
shortens the time frame for egg harvest 
providing an earlier start of cancer 
treatment plan.

 5 Use of GnRH agonist such as goserelin in 
an effort to protect gametes from the 
gonadotoxic effects of chemotherapy 
may exacerbate ovarian OHSS if adminis-
tered within a short time (estimate of 
2 weeks) after egg harvest.

 5 Patients continued to face economic 
barriers to care being provided within the 
narrow critical window of time to receive 
fertility preservation treatment. In a recent 
estimate, only 4–10% of patients with 
breast cancer, the most common cancer in 
reproductive-age women, pursue fertility 
preservation—at least partly because of 
lack of coverage [13]. In 2017, Connecticut 
and Rhode Island followed in 2018 by 
Maryland, Delaware and Illinois became 
the first states to pass bills to mandate 
insurance coverage that allows cancer 

patient access to fertility preservation 
treatment. It is imperative that oncologists 
refer their patients to reproductive 
specialists who can assist cancer patients 
navigate to available financial support 
opportunities.

 Review Questions and Answers

 ? Q1.  A 28-year-old woman was recently 
diagnosed with invasive ductal 
carcinoma limited to her left breast. She 
has a new boyfriend, but is not in a 
committed relationship. Her mother 
and maternal grandmother are both 
breast cancer survivors. She wants her 
cancer to be treated as soon as possible, 
but she also plans to have children in 
the future. How will you counsel this 
patient?
(a)  Obtain informed consent advising 

her to begin chemotherapy 
immediately followed by surgery 
because saving her life is the main 
objective. She can take a GnRH 
agonist medication during 
chemotherapy to protect her eggs 
from the toxic effects of the 
medications. There will be time 
after her cancer treatment to 
consider her chances for having 
children.

(b)  Inform her that her cancer 
treatment will include medications 
that can cause future infertility or 
sterility by damaging her eggs. In 
advance of starting chemotherapy, 
refer her to a reproductive 
specialist, advising her to undergo 
egg harvest and either select 
sperm from her boyfriend or an 
anonymous donor at a sperm bank, 
undergo IVF therapy, and freeze 
embryos for possible future use to 
have a child. The alternative of egg 
freezing is experimental and 
unreliable.

(c)  Inform her that her cancer 
treatment will include medications 
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that can cause future infertility or 
sterility by damaging her eggs. In 
advance of starting chemotherapy, 
refer her to a reproductive specialist 
who can counsel her about fertility 
preservation options. Given that 
she is not in a committed 
relationship with her current 
boyfriend, freezing some of her 
eggs in advance of chemotherapy 
may be her best option providing 
her with more control over her 
future reproduction with a partner 
committed to building a family 
together.

(d)  Advise her that she should begin 
chemotherapy within the next 
2 weeks. Although preserving her 
fertility by freezing eggs is an 
option, fertility drugs are known to 
cause breast cancer and can 
worsen her current breast disease. 
For this reason, you strongly advise 
her against fertility preservation 
and rely on GnRH agonist 
medication during chemotherapy 
to protect her eggs from the toxic 
effects of the chemotherapy 
medications.

 v A1.  (c). Both egg and embryo freezing are 
reliable strategies for fertility 
preservation. In 2012, the American 
Society for Reproductive Medicine 
(ASRM) announced that there was 
sufficient clinical outcome-based 
evidence to support egg freezing as a 
mainstream technology no longer 
designating it as experimental. Given 
her favorable reproductive age of 
28 years and that she was not in a 
committed relationship with her male 
partner, egg freezing provided her with 
greater control over having a future 
child with the partner of her choice. If 
she carries a BRCA mutation, she should 
be advised that this mutation is 
associated with reduced ovarian 
reserve in terms of lower egg quantity, 
but not decreased egg quality. 
Ovulation induction strategy will need 
to take this into consideration either to 

increase the dose of gonadotropins 
during ovulation induction therapy or 
plan for more than one egg harvest 
event in advance of beginning 
chemotherapy.

 ? Q2.  A 32-year-old woman was recently 
diagnosed with estrogen-positive 
invasive ductal carcinoma limited to her 
right breast. She wants her cancer to be 
treated as soon as possible, but she also 
would like the option to have children 
in the future. She does not want to 
undergo anything invasive and has 
refused egg harvest. How will you 
counsel this patient?
(a)  Inform her that her cancer 

treatment will include medications 
that can cause future infertility or 
sterility by damaging her eggs. In 
advance of starting chemotherapy, 
refer her to a reproductive 
specialist who can counsel her 
about fertility preservation 
options.

(b)  Inform her that her cancer 
treatment will include medications 
that can cause future infertility or 
sterility by damaging her eggs. 
Outside of egg harvest, there is 
nothing that can be done. Her 
young age makes infertility 
unlikely.

(c)  Inform her that her cancer 
treatment will include medications 
that can cause future infertility or 
sterility by damaging her eggs. 
Start her on GnRH agonist, but 
warn her that the estrogen surge 
may increase her risk of 
malignancy relapse.

(d)  Inform her that her cancer 
treatment will include medications 
that can cause future infertility or 
sterility by damaging her eggs. 
Start her on chemotherapy and 
tamoxifen. The tamoxifen should 
lower the risk of infertility and 
decrease the risk of relapse.

 v A2.  (a). All patients who wish to preserve 
their fertility should see a reproductive 
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specialist. Many patients are 
apprehensive about egg and embryo 
freezing based on misunderstanding 
and the absence of accurate 
information. GnRH agonist 
medications have gonadal protective 
properties and should be presented as 
an adjunctive treatment option for the 
duration of gonadotoxic 
chemotherapy administration. GnRH 
agonists appear to be safe and in some 
studies reduce the risk of premature 
ovarian failure and menopause [5–8]. 
There is insufficient evidence to 
conclude GnRH agonists prevent 
reduction in fertility potential.
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 Case Presentation

A 23-year-old transgender 
man, gravida 0, presented to a 
reproductive endocrinology 
clinic for fertility preservation 
after initiating androgen 
therapy and prior to a 
laparoscopic hysterectomy 
and bilateral salpingo-
oophorectomy for chronic 
pelvic pain.

The patient’s gender 
dsyphoria was managed by an 
adolescent medicine specialist. 
The patient was offered a 
fertility preservation consulta-
tion prior to initiation of 
testosterone therapy, which 
the patient declined. The 
patient started on testosterone 
50 mg IM every 2 weeks, which 
was increased to 100 mg IM 
every 2 weeks after 3 months 
of therapy. Prior to testoster-
one therapy, the patient had 
chronic pelvic pain related to 

endometriosis, and had 
undergone medical manage-
ment with progestin-only pills, 
leuprolide acetate, and a 
levonorgestrel intrauterine 
device. None of these provided 
adequate pain management. 
After initiation of testosterone 
therapy, the patient presented 
to the gynecologist requesting 
definitive surgical manage-
ment of endometriosis and 
gender dysphoria, with 
subsequent surgical planning 
for laparoscopic excision of 
endometriosis with hysterec-
tomy and bilateral salpingooo-
phorectomy. This decision 
prompted the patient to meet 
with reproductive endocrinol-
ogy to discuss fertility 
preservation prior to surgery.

The patient presented with 
his partner, 24-year- old 
cisgender woman who was 

interested in carrying an 
embryo created from the 
patient’s oocyte and donor 
sperm in the future. The 
patient was amenorrheic with 
a levonorgestrel intrauterine 
device. Ovarian reserve testing 
revealed an anti-Mullerian 
hormone of 2.753 ng/ml, antral 
follicle count of 25, random 
FSH of 1.6 mIU/ml, and 
estradiol of 47 pg/ml. The 
patient had been on testoster-
one therapy for 9 months, and 
the total testosterone was 197 
ng/dl, and free testosterone 
was 7.1 mg/dl. The patient was 
counseled on options 
including oocyte cryopreserva-
tion, embryo cryopreservation 
with donor sperm, and 
experimental ovarian tissue 
cryopreservation. The patient 
chose oocyte cryopreservation.

42.1  Assessment and Diagnosis

Transgender individuals and their healthcare 
needs have become increasingly visible over 
the past several years; with this, gaps in care 
are also becoming more visible. Reproductive 
life planning, including fertility treatment and 
preservation, is one of these unmet needs. Many 
transgender men initiate gender-affirming hor-
mone therapy prior to considering future fertility 
[1], yet more than half of the transgender men 
surveyed were interested in family building, and 
more than a third would consider fertility preser-
vation if available [2].

Both the American Society for Reproductive 
Medicine and the World Professional Association 
for Transgender Health (WPATH) recommend 
that clinicians discuss family building with trans-
gender individuals seeking hormone therapy and 
gonadectomy, as well as offer fertility preservation 
options to patients prior to gender transition [3, 4]. 
Fertility preservation options for transgender men 
include oocyte and embryo cryopreservation, 

while ovarian tissue cryopreservation remains 
experimental [3] (. Table 42.1).

There are knowledge gaps regarding the short- 
term and long-term impact of gender-affirming 
hormone therapy on fertility. Testosterone  therapy 
may induce hypothalamic amenorrhea and the rate 
of persistent hypothalamic amenorrhea after dis-
continuation of testosterone therapy is unknown. 
While transgender men can conceive while taking 
testosterone and shortly after discontinuing testos-
terone, it is unknown if testosterone therapy alters 
future fecundity [1]. Therefore, oocyte and embryo 
cryopreservation has been performed in transgen-
der men prior to initiation of gender-affirming hor-
mone therapy [5, 6].

Performing oocyte or embryo cryopreserva-
tion in transgender men prior to gender-affirm-
ing therapy raises several unique considerations 
[7]. Transgender men may experience distress 
in delaying the start of gender-affirming therapy 
even by a few weeks to complete an oocyte or 
embryo banking cycle. In addition, the increased 
estrogen associated with controlled ovarian 
hyperstimulation may induce unacceptable hor-
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monal side effects that heighten body dysphoria 
such as breast tenderness or pelvic pain.

42.2  Management

The patient discontinued testosterone therapy 
for 2 weeks and the levonorgestrel intrauter-
ine device was continued. Baseline assessment 
was consistent with the early follicular phase. 
Controlled ovarian hyperstimulation was per-
formed with a low-dose antagonist protocol with 
a peak estradiol of 2182 pg/ml. The patient expe-
rienced pelvic pain during simulation which was 
managed with nonsteroidal anti-inflammatory 
drugs (NSAIDs). Human chorionic gonadotro-
pin (HCG) trigger (10,000 IU) was administered 
when two lead follicles were ≥18 mm and ≥50% 
of the cohort was ≥15 mm. Thirty-six hours later, 

the patient underwent a transvaginal ultrasound-
guided oocyte retrieval.

The patient was advised to restart testosterone 
2 weeks after oocyte retrieval.

42.3  Outcome

Fifteen mature (metaphase II) oocytes were 
retrieved and cryopreserved following controlled 
ovarian hyperstimulation performed 2  weeks 
after testosterone discontinuation. The patient 
experienced significant acute-on-chronic pelvic 
pain after the oocyte retrieval, and an evaluation 
excluded ovarian hyperstimulation syndrome. He 
proceeded with a laparoscopic hysterectomy with 
bilateral salpingo-oophorectomy after successful 
fertility preservation.

       . Table 42.1 Fertility preservation options for adolescent transgender boys and adult transgender men [6]

Age group 
(years)

Method Advantages Disadvantages

Younger 
than 18

OC Well-tolerated Must be perimenarchal or postmenarchal

Minimally invasive 
outpatient procedure

OTC Available before menarche Experimental

Not recommended unless concomitant medical 
condition (i.e., undergoing chemotherapy for 
cancer)

Requires invasive surgical procedure

18 or older OC More flexibility for the 
future use of gametes

Difficult to estimate number of oocytes needed for 
a live birth

Embryo formation rates may be lower at some 
centers

OTC No need to stop androgen 
therapy before surgery

Experimental

Performed at the time of 
planned oophorectomy

Suboptimal graft function if tissue transplantation 
onto peritoneal surface, requires IVF

EB More accurate estimate of 
chance of live birth

Requires sperm source (donor or partner)

Can perform CCS before 
embryo cryopreservation

Legal implications if partners separate after 
creating embryos

OC oocyte cryopreservation, OTC ovarian tissue cryopreservation, IVF in vitro fertilization, EB embryo banking, 
CCS comprehensive chromosomal screening
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Clinical Pearls and Pitfalls
 5 While more information is needed 

regarding live birth rates from fertility 
preservation procedures performed after 
gender-affirming therapy is initiated in 
transgender men, this case provides 
evidence that transgender men can 
revisit fertility preservation when ready.

 5 Chronic pelvic pain treatment and 
gender affirmation management for our 
patient required a multidisciplinary team 
to provide the desired outcome.

 Review Questions and Answers

 ? Q1.  An 18-year-old transman is referred for a 
discussion on future fertility. He has 
consulted with an adolescent medicine 
specialist regarding the initiation of 
gender-affirming hormone therapy and 
plans to begin therapy as soon as 
possible. He has regular menstrual cycles 
and has never tried to conceive. He is 
unsure about his desire to have 
biologically related children in the future. 
How would you counsel this patient?

 v A1.  The patient should be counseled that 
testosterone therapy may induce 
amenorrhea. He should be informed 
that transgender men can conceive 
while taking testosterone and shortly 
after discontinuing testosterone 
though it is unknown if testosterone 
therapy alters future fecundity. He 
should be counseled on fertility 
preservation options including oocyte 
cryopreservation, embryo 
cryopreservation, and experimental 
ovarian tissue cryopreservation.

 ? Q2.  The patient is interested in oocyte 
cryopreservation but does not want to 
delay the initiation of gender-affirming 
hormone therapy. How would you 
counsel this patient on his options?

 v A2.  He should be counseled that oocyte 
cryopreservation can typically be 
achieved within 2 weeks using random 

start protocols. He can be informed that 
oocyte cryopreservation could be 
performed after the initiation of 
testosterone therapy though it is unclear 
if testosterone therapy needs to be 
discontinued during controlled ovarian 
hyperstimulation, and live births from 
oocyte cryopreserved after testosterone 
therapy have not been reported.

 ? Q3.  He opts for oocyte cryopreservation prior 
to initiating gender-affirming hormone 
therapy. How should he be counseled 
regarding the side effects of controlled 
ovarian hyperstimulation in transmen?

 v A3.  He should be counseled that the 
increased estrogen associated with 
controlled ovarian hyperstimulation may 
induce unacceptable hormonal side 
effects that heighten body dysphoria 
such as breast tenderness or pelvic pain. 
His adolescent medicine specialist 
should co-manage his care during this 
time of heightened body dysphoria.
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 Case Presentation

A 12-year-old boy was 
referred to pediatric surgery 
for correction of right 
unilateral cryptorchidism. The 
surgeon suspected the 
presence of testicular and 
ovarian tissue in the right 
gonad, and so the child was 
further referred to a pediatric 
endocrinologist to investigate 
a disorder of sexual develop-
ment (DSD). A biopsy was 

performed that revealed 
numerous primordial follicles 
and some primary and 
secondary follicles, sur-
rounded by ovarian stroma 
and testicular parenchyma, 
with seminiferous tubules 
displaying Sertoli and 
germinal cells. Focal 
spermatogenesis was present 
as well as testicular stroma 
with focal Leydig cells.

The patient had a male 
phenotype with a small penis 
with a slight ventral curve and 
a palpable, homogeneous, 
approximately 2 cc gonad in 
the left scrotum. The patient 
had been referred to another 
department in early childhood 
for correction of urogenital 
abnormalities, but no 
investigation or intervention 
was undertaken at that time.

43.1    Assessment and Diagnosis

Diagnostic laparoscopy revealed an apparently 
normal uterus with two fallopian tubes. After a 
basal endocrine profile was obtained, a multidis-
ciplinary team discussed the possible therapeutic 
approaches with the family and the child, with the 
goal to achieve normal pubertal development and 
preserve fertility.

Basal endocrine profile:

Patient 
value

Reference 
range

LHa mUI/ml 0.7 0.3–4.0

FSHa mUI/ml 5.2 0.5–10.5

Testosterone ng/dl 24.1 <30 Tanner I

AMHa ng/ml 27 27.2–42.6 
Tanner I

Estradiol pg/ml <11.8 <13

aLH luteinizing hormone, FSH follicle-stimulating 
hormone, AMH anti-Mullerian hormone

The HCG stimulation test confirmed an 
acceptable testosterone secretion (188.6  ng/dl) 
and the cytogenetic analysis revealed a mosaic 
46,XY[36]/46,XX[14] karyotype. Appropriate 
genetic counseling was provided to the patient 
and family.

In order to minimize the risk of malignancy, 
maintain male sexual rearing, and preserve fer-
tility, hysterectomy and right gonadectomy were 
performed. At the same time, the left intrascrotal 
gonad was biopsied, and the diagnosis of a bilat-
eral ovotesticular DSD (OT-DSD) was confirmed. 

Microscopic examination of the left gonad revealed 
a clear separation of ovarian and testicular tis-
sues. Seminiferous tubules were mainly formed by 
Sertoli cells with incipient germinal cells and focal 
spermatogenesis, and rare Leydig cells were also 
present.

Ovotesticular disorder of sexual development 
(OT-DSD) is an unusual form of DSD, character-
ized by the coexistence of testicular and ovarian tis-
sue in the same individual. In a subset of patients, 
ovotesticular DSD is caused by 46,XX/46,XY chi-
merism or mosaicism [1].

The diagnosis is based on histology, requir-
ing the presence of both seminiferous cords and 
ovarian follicles with oocytes. The presence of an 
OT- DSD increases the risk of gonadal and genito-
urinary pathology. Patients may present with sev-
eral concerns including sex assignment, mitigating 
the risk of malignancy, as well as the desire for 
gonadal retention in order to protect development 
or preserve fertility potential [1, 2].

A DSD must be excluded in any child with 
genital anomalies and cryptorchidism. The diag-
nosis should be done before puberty to minimize 
psychological impact on adolescents. These cases 
must be evaluated by a multidisciplinary team 
including an endocrinologist, gynecologic/uro-
logic surgeon, fertility specialist, and clinical psy-
chologist with experience in these conditions for 
the long-term follow-up and the achievement of 
an integrated approach to the patient [1]. Fertility 
potential should be considered when addressing 
gender assignment, surgical management, and 
patient and family counseling.

Boys with an OT-DSD often have compro-
mised fertility that worsens with time [3]. While 
ovarian tissue is often normal, testicular tissue is 
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usually atrophic, with only focal spermatogenesis. 
Moreover, the hormonal production of the ovarian 
tissue induces a negative feedback on gonadotro-
pins with a deleterious effect on spermatogenesis 
and Leydig cell function.

43.2    Management

The multidisciplinary team planned for close sur-
veillance of the left gonad, which was kept in the 
scrotum, allowing easy examination. A pelvic 
MRI confirmed the presence of a normal prostate 
and seminal vesicles with no signs of tumor devel-
opment in the left gonad.

Treatment with escalating doses of testoster-
one was started immediately after right gonad-
ectomy. Testosterone, FSH, and LH levels were 
monitored every 6  months. Careful surveillance 
of the gonad was done by regular clinical and 
ultrasound evaluation. Left gonadectomy was 
postponed until the age of 15 to allow the pos-
sibility of fertility preservation.

43.3    Outcome

Under testosterone treatment, the penis size 
increased and the patient developed normal sec-
ondary sexual characteristics, reporting occa-
sional erections. Mild gynecomastia was observed 
but resolved during testosterone treatment. The 
psychological development was also continuously 
monitored by the DSD team psychologist.

Following a close discussion with the family 
and adolescent, plans were made for the removal 
of the left gonad, bilateral prosthesis placement, 
and gonadal tissue cryopreservation at the age of 
15 years.

After left gonadectomy, the organ was sent to 
the laboratory and the external fibrous tissue was 
cut. Tubular structures were macerated to see if 
any motile sperm cells were identified. Once motile 
sperm were observed, the tissue was then rinsed in a 
sperm-washing medium (Origio, Måløv, Denmark) 
and centrifuged to obtain the pellet. The sperm 
cells were cryopreserved using Sperm CryoProtec™ 
(Nidacon, Mölndal, Sweden) in accordance with 
the manufacturer instructions, with a standard pro-
gram (equilibration at nitrogen vapor for 30  min 
and immersion in liquid nitrogen for storage).

The remaining tissue, corresponding to 
testicular tissue, was cryopreserved accord-
ing to our slow-freezing protocol. The tissue 
was equilibrated in sterile phosphate-buffered 
saline (Gibco, Thermo Fisher Scientific, Paisley, 
Scotland, United Kingdom) with 1.5  M eth-
ylene glycol (Sigma-Aldrich, St. Louis, USA), 
10 mg/ml human serum albumin (CSL Behring, 
Marburg, Germany), and 0.1 M sucrose (Merck, 
Darmstadt, Germany) in cryopreservation tubes. 
Samples were frozen in a programmable freezer 
(CryoGenesis 5) with the following program: 
2 °C/min to −9 °C; manual seeding at −9 °C; −9 
to −40 °C at −0.3 °C/min; and −40 to −140 °C 
at −10 °C/min. Finally, the tubes were stored in 
liquid nitrogen.

The histological examination of the remain-
ing tissue confirmed the presence of hypo-
spermatogenesis and rare Leydig cells in the 
testicular parenchyma and a left epididymis and 
vas deferens.

Despite the late diagnosis of OT-DSD, this 
patient was able to successfully undergo normal 
sexual development, avoid the development of 
malignancy, and cryopreserve mobile sperm cells 
for future use.

Clinical Pearls and Pitfalls
 5 DSD are rare conditions that should be 

suspected and investigated in a timely 
manner. Karyotype is a mandatory part of 
the evaluation.

 5 Cryptorchidism should be corrected in 
early childhood in order to preserve the 
normal testicular environment and 
function.

 5 The presence of Y chromosome material 
in a patient with a DSD increases the  
risk of malignancy and should be 
addressed.

 5 Endocrine evaluation and treatment 
must be initiated in order to achieve an 
adequate pubertal development.

 5 Fertility potential should be discussed by a 
multidisciplinary team when addressing 
gender assignment and surgical manage-
ment. Fertility preservation must be 
considered in every patient and efforts 
made to cryopreserve germinal tissue 
and/or gametes.

Fertility Preservation in an Adolescent with an Ovotesticular Disorder of Sexual…
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 Review Questions and Answers

 ? Q1. How can a 46,XY/46,XX karyotype arise?

 v A1.  The presence of these two different cell 
lines (46,XY and 46,XX) in the same 
individual may arise from the early 
fusion of two different embryos 
(chimerism) or from a 47,XXY embryo 
that undergoes loss of a Y and an X 
chromosome in different mitosis, 
retaining only normal 46,XX and 46,XY 
cell lines.

 ? Q2.  What are the appropriate first steps of 
management once a child is diagnosed 
with abnormal external genitalia?

 v A2.  The child should be evaluated by a 
multidisciplinary team as soon as 
possible in order to diagnose the type of 
DSD disorder. After a comprehensive 
evaluation (including a karyotype and 
examination of pelvic structures), the 
possible therapeutic options are 
discussed with the child and the 
parents.

 ? Q3.  Why should cryptorchidism be corrected 
in early childhood?

 v A3.  Cryptorchidism must be diagnosed and 
corrected in early childhood in order to 
protect the fertility potential of the 
ectopic testis and to prevent the 
development of testicular tumors.

 ? Q4.  Why is fertility preservation an 
important issue in children with DSD?

 v A4.  DSD patients may need surgery for 
removal of ectopic gonads in order to 
prevent tumor development and/or 
prolonged treatment with hormones to 
ensure secondary sexual characters 
develop adequately. As both these 
interventions have the potential to 
negatively impact fertility, a discussion 
of fertility preservation is essential. 
Gonadal tissue may be cryopreserved 
for future use.
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 Case Presentation

A 30-year-old woman 
presented to a referring 
hospital emergency room 
with abdominal pain and 
vaginal bleeding. She worked 
as a musician and had limited 
financial security but had 
medical insurance. Ultrasound 
was performed, demonstrat-
ing lobulated, bilateral 
ovarian masses with concern 
for ovarian torsion. Emer-
gency surgery was performed 
to relieve ovarian torsion, and 
pathology revealed endome-
trioid adenocarcinoma of the 

right ovary and mixed 
clear-cell and endometrioid 
carcinoma. Unfortunately, the 
patient had a complicated 
postoperative course that 
included wound dehiscence 
and infection, delaying 
further cancer-directed 
therapy. She required a 
prolonged hospital stay, 
including prolonged 
antibiotics, a wound vac, and 
eventual discharge to a skilled 
nursing facility (SNF). She has 
limited social support, with a 
sister living locally whom she 

stayed with after recovering 
in the SNF. She was in a 
relationship, but it ended 
shortly after cancer diagnosis. 
Following recovery, she was 
referred to gynecologic 
oncology for further 
management where it was 
recommended she undergo 
three cycles of neoadjuvant 
chemotherapy with carbopla-
tin and paclitaxel followed by 
interval staging/debulking 
surgery and then an 
additional three cycles of 
adjuvant chemotherapy.

44.1    Assessment and Diagnosis

This young woman had an emergent presentation 
of newly diagnosed bilateral ovarian cancer with 
ovarian torsion. Her cancer-directed therapy was 
delayed due to postoperative complications, and it 
wasn’t until after this resolved that she was evalu-
ated by a gynecologic oncologist. At that point, 
neoadjuvant chemotherapy was recommended 
because she was deemed to be a poor surgical can-
didate. Chemotherapy prior to staging/debulking 
surgery is only recommended in the setting when 
it is determined that a complete cytoreduction is 
not likely or if the patient is not a good surgical 
candidate [1]. Fertility preservation in this setting 
would be very difficult, but the impact on fertility 
and any feasible options for fertility preservation 
should be addressed by the oncologist as this is 
still meaningful to an adolescent and young adult 
(AYA) patient [2, 3].

Options such as fertility-sparing surgery and 
oocyte or embryo cryopreservation have been 
reported in women with low malignant potential 
ovarian cancer and are controversial in the setting 
of more aggressive ovarian cancers [4, 5]. However, 
this young woman’s presentation prevented fertil-
ity preservation from being performed. She has 
already had cancer-directed therapy delayed so it 
was not advisable to necessarily delay therapy fur-
ther. She was having neoadjuvant chemotherapy 
due to a poor performance status, but if surgery 
were performed prior to chemotherapy, it would 
have been potentially possible to preserve oocytes 

during the surgery. Unfortunately, fertility preser-
vation including oocyte freezing and storage is 
expensive, and our patient had limited financial 
resources. For all of these reasons, fertility preser-
vation was not offered to this patient by her initial 
treatment team. Adoption would be the most real-
istic family-building option for this patient and 
should be addressed when appropriate depending 
on her level of interest and clinical course.

44.2    Management

This young woman was able to start cancer- 
directed therapy approximately 3  months after 
initial diagnosis. She received three cycles of car-
boplatin and paclitaxel as planned but was not of 
a functional status to tolerate surgery at that time. 
She then received an additional cycle of carbopla-
tin as a single agent in order to allow her to have 
better clinical recovery while still receiving some 
cancer-directed therapy. Approximately 6 months 
after diagnosis, she underwent a staging/debulking 
surgery that included a total abdominal hysterec-
tomy with bilateral salpingo-oophorectomy, bilat-
eral pelvic lymph node dissection, and infracolic 
omentectomy, and pathology was without residual 
carcinoma. Unfortunately, her postoperative 
course was again complicated; wound dehiscence 
and delayed wound healing required a second 
wound vac placement and further time rehabilitat-
ing in a SNF. Due to her poor performance status 
and negative pathology, she was recommended not 
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to have any further chemotherapy. Throughout this 
process, she lost her job and income but was able 
to maintain her healthcare coverage through state-
sponsored programs. Following this difficult recov-
ery, she had more psychosocial difficulties and 
moved home to live with her mother and estab-
lished care in an AYA- focused oncology program.

This complicated case, both medically and 
psychosocially, is not uncommon for an AYA with 
cancer. It also illustrates some of the difficulties 
that cancer survivors who have become infertile 
as a result of their cancer and therapy could have 
when considering building a family. Fortunately, 
this patient was able to achieve a complete remis-
sion from her cancer and remain cancer-free for 
3 years. Through many months of physical reha-
bilitation, in addition to rigorous work with a 
mental health professional, she was able to regain 
functional status. Her social support stabilized, 
and she established a relationship with a partner 
who was interested in adopting children. Even 
with this improvement, this young woman expe-
rienced some of the system-level barriers to adop-
tion that many cancer survivors face. Many 
adoption agencies require individuals to be can-
cer free for 5 years, which this patient has not yet 
attained. The adoption agency required a physi-
cian’s evaluation attesting to her overall health, 
which could influence the adoption agency’s deci-
sion to approve her application and/or birth 
mothers’ decisions in selecting the adoptive par-
ents [6]. Finally, this patient was financially devas-
tated by her inability to work and the cost of 
medical therapies although she was able to main-
tain health insurance which not all AYAs are able 
to do. Adoption can still be very costly, which can 
be very challenging for cancer survivors and their 
families.

On presentation to the AYA oncology pro-
gram, the patient and her partner had not received 
any information on their family-building options 
previously but wished to pursue adoption. While 
cancer care providers are increasingly addressing 
fertility issues with their AYA patients, fertility 
preservation and alternative family building 
options are not universally discussed [7–9]. 
Despite the potential obstacles, it is not uncom-
mon for cancer survivors to consider adoption. 
The vast majority of survivors have at least one 
concern about the adoption process, which their 
healthcare teams can begin to address by provid-
ing information and resources [10].

44.3    Outcome

The patient was diagnosed with bilateral ovar-
ian carcinoma and had a complicated course 
though was able to complete four cycles of 
neoadjuvant chemotherapy with a successful 
staging/debulking surgery that demonstrated a 
complete remission. She remained in remission 
for at least 3 years after completing therapy and 
was able to recover medically, financially, and, 
eventually, psychosocially. She and her partner 
are pursuing adoption but will still have to over-
come multiple barriers to be successful at this 
approach to family-building. They will require 
ongoing support from not only their social 
group but also from their medical community 
to be successful.

Clinical Pearls and Pitfalls
 5 Infertility can result from cancer and 

cancer- directed therapy, despite all 
planned interventions to preserve it.

 5 For some individuals, adoption can be 
the right option for family-building.

 5 There remain significant barriers for 
cancer survivors that will need to be 
addressed. These obstacles are system-
based, financially based, and related to 
the underlying, complicated nature of 
young peoples’ journey through cancer 
diagnosis, treatment, and eventual 
survival and return to “normalcy.”

 Review Questions and Answers

 ? Q1.  Name one concern that cancer 
survivors have expressed about 
adoption.
(a) Cost
(b) Lack of information
(c) Worry about not being perceived 

as a good candidate
(d) Personal health concerns about 

raising a child
(e) Preference for a biological child
(f ) Possible legal problems
(g) Time and effort to adopt
(h) All of the above

Case Presentation: Adoption in the Cancer Setting
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 v A1. (h)

 ? Q2.  Yes or no? Are adoption processes and 
regulations consistent across agencies, 
states, and nations?

 v A2. No

 ? Q3.  Yes or no? Must all cancer survivors 
undertake an extensive home study 
process before pursuing adoption?

 v A3. Yes

 ? Q4.  Name one resource relevant to cancer 
survivors interested in finding out more 
about adoption?
(a) American Society of Reproductive 

Medicine
(b) Oncofertility Consortium
(c) Fertile Action
(d) The National Infertility Association
(e) Academy of Adoption and Assisted 

Reproduction Attorneys
(f ) All of the above

 v A4. (f )
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 Case Presentation

A 27-year-old nulligravid 
woman with primary ovarian 
insufficiency (POI) underwent 
menarche at age 11 and had a 
history of irregular menses 
followed by 4 years of 
secondary amenorrhea. Her 
past medical history was 
unremarkable, and she had no 
family history of POI. Labora-
tory testing revealed elevated 
serum levels of luteinizing 
hormone (LH) 33.4 mIU/mL 
(menopause: 6.7–38.0 mIU/
mL) and follicle-stimulating 

hormone (FSH) 84.5 mIU/mL 
(menopause: 26.2–113.3 mIU/
mL). Due to symptoms of hot 
flushes, she received therapy 
with estrogen and progester-
one. An oocyte retrieval had 
been attempted since 
spontaneous follicle growth 
was observed, but no oocyte 
was obtained.

The patient was referred 
to our hospital for infertility 
treatment. At the time of 
presentation, physical 
examination was normal. 

Transvaginal ultrasonography 
(TVUS) was only notable for a 
6.5 × 6.0 cm serous right 
ovarian cyst. No antral follicles 
were visible in either ovary. 
Laboratory findings while on 
estrogen replacement were 
notable for normal serum 
estradiol (E2) of 59.1 pg/mL 
(menopause: <10 pg/mL), 
elevated LH of 28.5 mIU/mL 
and FSH of 51.69 mIU/mL, and 
diminished AMH of 4.9 pM. No 
chromosomal aberrations 
were detected.

45.1    Assessment and Diagnosis

Oocytes are derived from primordial follicles 
created during fetal life. Approximately one mil-
lion primordial follicles exist at birth [1], and the 
number subsequently decreases with age. When 
the number of remaining primordial follicles 
reaches approximately 1000, periodic follicular 
activation and recruitment are arrested, result-
ing in dormant status. Due to the lack of estradiol 
production from granulosa cells in developing 
follicles, endometrial cells do not proliferate, 
leading to amenorrhea and eventual menopause.

Primary ovarian insufficiency (POI) results 
from pathophysiologic follicular depletion before 
40 years of age, either due to a more rapid decline 
of the number of follicles or to a more limited 
number of residual follicles at birth. The incidence 
of POI is approximately 1% [2]. Although more 
than 50% of POI cases are idiopathic, identifiable 
causes include chromosomal/genomic abnormal-
ities, autoimmune diseases, ovarian surgery, and 
gonadotoxic cancer treatment such as chemo-
therapy and radiation [2]. POI following cancer 
treatment strongly affects the fertility and QOL of 
cancer survivors.

Although IVF using donated oocytes remains 
the most effective fertility treatment for POI, legal, 
financial, and religious restrictions can limit its 
utilization [3]. As a result, developing infertil-
ity treatment options using autologous oocytes 
in women with POI remains a research priority. 
We recently developed a new method for artificial 
activation of dormant primordial follicles using an 
in vitro culture of cryopreserved ovarian cortical 
tissues (IVA: in  vitro activation) [4, 5]. We have 

shown the importance of PI3K-Akt-Foxo3 signal-
ing in the activation of dormant primordial fol-
licles and succeeded in the short-term activation 
of dormant follicles using a PTEN inhibitor and 
PI3K activator in both mice and humans [4, 5].

A loss of the tumor suppressor gene PTEN 
and the activation of PI3K/Akt pathway could 
accelerate tumorgenesis and the development of 
malignancy [6]. Because the activation of tran-
sient PI3K/Akt signaling is a physiological event, 
short-term treatment with PTEN inhibitors and 
PI3K activators are unlikely to induce tumorgene-
sis in cancer patients. Although we demonstrated 
no tumorgenesis in non-cancer animals and 
POI patients, IVA should not be used in cancer 
patients until its safety can be confirmed.

Currently, two methods for cryopreserving 
biological tissue are available: slow freezing and 
vitrification. Although vitrification is frequently 
used to cryopreserve human embryos and oocytes, 
slow freezing remains the current standard for 
ovarian tissue cryopreservation (OTC). However, 
vitification offers several advantages over slow 
freezing for OTC, including higher efficiency and 
prevention of ice crystal formation [7] and DNA 
damage in primordial follicles, thus preserving the 
morphologic integrity of ovarian stroma [8].

45.2    Management

A unilateral laparoscopic oophorectomy was per-
formed for IVA treatment. The serous ovarian cyst 
seen on preoperative ultrasound was found to be a 
para-ovarian cyst and removed at the time of sur-
gery. After the removal of the ovary, the ovarian 
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cortex was dissected from the underlying medulla 
and cryopreserved using vitrification [7]. Three 
months later, the ovarian tissue was thawed [7], 
cut into 1–2 mm slices, and cultured with PTEN 
inhibitor and/or PI3K activator for 48 hours. After 
culture, we laparoscopically grafted the ovarian 
tissue beneath the serosa of the fallopian tubes. 
After transplantation, hormonal testing and 
transvaginal ultrasonography were performed to 
assess for follicle development. We found sponta-
neous follicle growth after IVA treatment and IVF 
was performed. Retrieved oocytes were fertilized 
with the husbands’ sperm, and day 3 embryos [9] 
were successfully vitrified. Once three embryos 
had been frozen, a frozen cycle with transfer of 
the two most favorable embryos was performed.

45.3    Outcome

Laboratory results revealed a serum human chori-
onic gonadotropin (HCG) level of 2814.0 mIU/mL 
and a sonographically visible fetus 3 weeks after the 
embryo transfer. There were no complications dur-
ing pregnancy, and a baby boy (birth weight 3254 g; 
Apgar scores, 9 at 1 min and 10 at 5 min) was deliv-
ered at 37  weeks and 2  days by cesarean section 
due to breech presentation. No visible abnormal-
ity was identified at the site of ovarian autografting 
at the time of cesarean section. The child, who is 
5-years old at the time of writing, has experienced 
normal development to date. The mother has had 
no abnormalities in her gynecological care to date.

. Box 45.1 shows the Edinburgh selection  
criteria.

Box 45.1 Edinburgh Selection Criteria 
(Reference: [10])

 5 <35 years of age
 5 No previous chemotherapy or radio-

therapy if aged >15 years at diagnosis, 
but mild or non- gonadotoxic chemo-
therapy acceptable if <15 years

 5 A realistic chance of surviving for more 
than 5 years

 5 A high risk of POI (>50%)
 5 Informed consent (from parents and, 

where possible, patient)
 5 Negative serology results for HIV, 

syphilis, and hepatitis B
 5 Not pregnant and no existing children

Clinical Pearls and Pitfalls
 5 POI occurs in about 1% of all women.
 5 The causes of POI include chromosomal/

genomic abnormalities, autoimmune 
disease, ovarian surgery, and chemo-
therapy and radiation.

 5 POI after cancer treatment strongly 
declines the QOL of cancer survivors.

 Review Question and Answers

 ? Q1. What are some identifiable causes of POI?

 v A1.  Identifiable causes of POI include 
chromosome/gene abnormalities, 
autoimmune diseases, ovarian surgery, 
and chemotherapy and radiation for 
cancer treatment.

 ? Q2.  Should artificial activation of dormant 
primordial follicles using PTEN inhibitors 
and PI3K activators be used in cancer 
patients?

 v A2.  A loss of the tumor suppressor gene 
PTEN and the activation of PI3K/Akt 
pathway could accelerate tumorgenesis 
and the development of malignancy. 
Because the activation of transient PI3K/
Akt signaling is a physiological event, 
short-term treatment with PTEN 
inhibitors and PI3K activators are unlikely 
to induce tumorgenesis in cancer 
patients. Although we demonstrated no 
tumorgenesis in non-cancer animals and 
POI patients, IVA should not be used in 
cancer patients until its safety can be 
confirmed.
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 Case Presentation

KG is a 31-year-old engineer, 
married for the past 4 years, 
with no children so far. In her 
family history, her mother was 
diagnosed with breast cancer 
and treated at age 45 and 
passed away at age 55, after a 
relapse. Her aunt is alive and 
survived breast cancer.

As for KG, her menarche 
was at 12, her menstrual cycles 
are regular, but she suffers 
from chronic pelvic pain and 
dysmenorrhea. In 2014, she 
underwent laparoscopic 
ovarian cystectomy and was 
diagnosed with stage IV 
endometriosis (AFS score) with 

many intra-abdominal 
adhesions. Later on that same 
year, she had an intrauterine 
insemination and then an 
in vitro fertilization procedure, 
without pregnancy.

The patient consulted on 
July 7, 2017, for a right breast 
lump represented on magnetic 
resonance imaging by an 
18 mm right breast nodule. 
Work-up was normal (total 
body CT scan and bone 
scintigraphy). Physical exam 
was normal, excluding the 
presence of the right breast 
nodule. A conservative surgery 
by lumpectomy plus axillary 

node dissection was per-
formed on July 13. Histology 
revealed a 19 mm lesion, 
invasive ductal carcinoma 
grade 2, negative HER2/neu, Ki 
67 at 19%, and negative 
axillary dissection (17 N-).

She was planned to have 
adjuvant chemotherapy 
(fluorouracil-epirubicin-
cyclophosphamide every 
21 days for 3 times, after 
paclitaxel 80 mg/m2 every 
week for 12 times).

Before chemotherapy, the 
patient was directly referred to 
our oncofertility preservation 
consult.

46.1    Assessment and Diagnosis

The goals of oncofertility were explained to the 
patient. Serum anti-Mullerian hormone (AMH) 
testing performed that same day was 0.8  ng/ml, 
showing a decreased ovarian reserve for her age. 
Transvaginal ultrasound showed a corpus luteum 
on the right ovary and an antral follicular count of 
four on the left ovary with a 2 cm endometrioma.

The endometriosis and the cystectomy for the 
endometrioma probably decreased the ovarian 
reserve of our patient [1]. In addition to that, a 
decreased AMH level in patients with breast can-
cer is reported in many articles [2]. Indeed, before 
even commencing chemotherapy or radiotherapy, 
oncology patients at the margins of reproductive 
age show a diminished ovarian reserve compared 
with the control group. A general catabolic state 
could explain the decline in ovarian reserve.

Furthermore, it has been demonstrated that a 
low level of AMH before chemotherapy is associ-
ated with an important risk of premature ovarian 
failure after. AMH rapidly decreases in women 
receiving chemotherapy for breast cancer [3].

46.2    Management

In this case, the patient is a 31-year-old woman 
with documented infertility for over 4 years, diag-
nosed with advanced endometriosis and decreased 
ovarian reserve. Endometriosis is well known to 

alter fertility and ovarian function [1]. The dam-
age of endometriosis on ovarian reserve, leading 
to a form of incipient ovarian failure has been 
demonstrated and is considered as an early sign 
of advanced ovarian depletion in young women. 
AMH can be used to follow ovarian reserve in 
patients with endometriosis [1]. Furthermore, 
the planned chemotherapy protocol is potentially 
gonadotoxic. So, the risk of ovarian function loss 
is considered to be very high in this case.

Considering all these parameters, the patient 
was advised to proceed to urgent fertility preser-
vation. Fertility preservation for gonadotoxicity 
of antineoplastic therapies represents an impor-
tant aspect of the quality of life of cancer survivors 
[4]. Oocyte/embryo vitrification is the gold stan-
dard of fertility preservation [4].

Oocyte vitrification is the standard method 
according to guidelines [4]. It requires ovarian 
stimulation with gonadotrophins, which will 
delay the chemotherapy for 12–15 days. Fertility 
preservation via banking of oocytes or embryos 
after controlled ovarian stimulation can increase 
the likelihood of a future live birth. It has been 
hypothesized that elevated serum estradiol levels 
during ovarian stimulation may induce breast 
tumor growth. This has led to the use of tamoxifen 
(anti-estrogen) or letrozole (aromatase inhibitor) 
to keep the estradiol level as low as possible [5].

Initially our patient preferred tissue cryopreserva-
tion (OTC). Many teams prefer this technique, though 
still considered to be experimental. It has been proven 
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that OCT is an effective method that can restore both 
fertility and endocrine function [4]. It requires a lapa-
roscopy and allows for chemotherapy to start the fol-
lowing day. Given her personal history of advanced 
endometriosis, the high operative risks, and her 
decreased ovarian reserve, she decided not to purse 
ovarian tissue cryopreservation and was interested in 
oocyte or embryo banking. She and her partner 
decided to proceed with embryo banking. In order to 
shorten the delay for chemotherapy, she started con-
trolled ovarian stimulation with a random start proto-
col initiated in the luteal phase with letrozole.

46.3    Outcomes

We started ovarian stimulation with 300 IU per day 
of menotropins and planned for an antagonist pro-
tocol with a GnRH agonist trigger for oocyte mat-
uration. This protocol is safe and allows maximal 
follicular development while minimizing the risk 
of ovarian hyperstimulation syndrome. Letrozole 
(5 mg per day) was prescribed at the start of stimu-
lation to reduce estradiol exposure [5].

By day 8 of stimulation, six follicles >17 mm 
were obtained with an estradiol level at 390 pg/ml. 
Ovulation was triggered day 9. Oocyte pickup was 
performed transvaginally. Eight oocytes were 
retrieved, seven of which were mature; a total of 
five day 3 embryos were vitrified. She continued 

letrozole for 7 days after oocyte pickup to reduce 
luteal estradiol exposure.

No complications occurred, and the patient 
was referred the day after oocyte pickup to start 
her chemotherapy.

. Table  46.1 shows ovarian stimulation  
monitoring.

Clinical Pearls and Pitfalls
 5 Reproductive age women with breast cancer 

who are interested in future fertility should 
be referred to a qualified oncofertility team.

 5 Ovarian reserve evaluation is based on age, 
AMH levels, and antral follicular final point. 

 5 The ovarian reserve may be reduced by 
endometriosis and ovarian surgery.

 5 Ovarian tissue cryopreservation should 
not be advised in a case with high 
operative risk.

 5 Oocyte and embryo vitrification are the 
preferred fertility preservation options.

 5 Random start protocols facilitate oocyte 
and embryo vitrification and minimize 
the delay in chemotherapy start.

 5 Aromatase inhibitors can be initiated 
during stimulation in women with 
hormone receptor- positive tumors and 
continued post oocyte pickup to 
minimize the exposure to estradiol.

       . Table 46.1 Ovarian stimulation monitoring

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10

HMG (UI) 300 300 300 300 300 300 300 Oocytes pickup

Gn-RH anta 0.5 mg 0.5 mg

Gn-RH 
agonist

0.2 mg

Letrozole 
2.5 mg

2 pills 2 pills 2 pills 2 pills 2 pills 2 pills 2 pills 2 pills 2 pills 2 pills/day until 
7 days after pickup

E2 (pg/ml) 279 390

Right ovarya 15
12
11–10

19
2 × 18
14

Left ovarya 3 × 12
2 × 11
10

3 × 17
12
11–10

Gn-RH anta: GN-RH antagonist
aFollicles size are expressed in mm
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 Review Questions and Answers

 ? Q1.  Which parameters are used to evaluate 
ovarian reserve in patients interested in 
fertility preservation?

 v A1.  Age, AMH, antral follicular count, and 
past medical and surgical history.

 ? Q2.  Which fertility preservation techniques 
are used in breast cancer patients?

 v A2.  Oocyte vitrification, embryo 
vitrification, and, possibly, ovarian 
tissue cryopreservation.

 ? Q3.  Which stimulation protocol is suitable 
in the case of breast cancer patients 
with hormone receptor-positive cancer?

 v A3.  Random start protocol with aromatase 
inhibitors.

 ? Q4. How do aromatase inhibitors act (AIs)?

 v A4.  AIs inhibit aromatase, the enzyme that 
converts androgens into estrogens.
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 Case Presentation

The patient is a 37-year-old 
Caucasian female with a 
history of stage IV Hodgkin 
lymphoma (HL) diagnosed in 
October 1994, at the age of 
13. At diagnosis, she had 
disease in the left supracla-
vicular, left axillary, and small 
paratracheal with metastasis 
of the lumbar spine at L4. Her 
chemotherapy regimen 

consisted of COPP/ABV 
including Cyclophosphamide 
(4 g/m2), Oncovorin, 
Procarbazine (42 g/m2), and 
Prednisone, alternating with 
Adriamycin (210 mg/m2), 
Bleomycin, and Velban. Her 
total anthracycline dose was 
210 mg/m2. She received 
consolidation radiotherapy of 
15 Gy to the mantle field, 

ending in May 1995. She did 
not have the opportunity to 
harvest eggs prior to her 
cancer treatment as that was 
not common practice at that 
time. Her HL remained in a 
complete remission, and she 
reached normal adolescent 
milestones, attended and 
graduated college, and 
worked in public health.

47.1  Assessment and Diagnosis

When the patient turned 23, she transitioned her 
cancer care from a pediatric hospital to a long- 
term, follow-up program specializing in adult 
survivors of childhood cancer in an academic 
medical center. Her care consisted of general 
medical care, along with follow-up recommenda-
tions from the Children’s Oncology Group (COG) 
Long-Term Follow-Up Guidelines for Survivors of 
Childhood, Adolescent, and Young Adult Cancers 
found at 7 http://www. survivorshipguidelines. org 
[1]. Her team of providers included a primary 
care physician, an advanced practice nurse with 
pediatric oncology expertise, and a clinical psy-
chologist. She established care with a gynecologist 
and had access to specialty providers as needed. 
Her plan of care included echocardiograms every 
2 years (due to a history of anthracycline chemo-
therapy and mantle radiation) and annual labs 
including a complete blood count, comprehen-
sive chemistry panel, and thyroid function tests 
(due to the history of mantle radiation) [2, 3]. 
At that time, recommendations for breast cancer 
screening included initiating screening mammo-
grams starting at age 25 years, which the patient 
had done in 2006. In 2007, the American Cancer 
Society changed their breast cancer guidelines 
for high-risk individuals (including those treated 
with chest radiation) to include annual adjunct 
bilateral breast MRI [4]. This recommendation 
was adopted by the COG guidelines. In September 
2007, she presented for her baseline screening 
breast MRI.  While no abnormalities were iden-
tified in the left breast, the right breast demon-
strated an indeterminate 5  mm circumscribed 

focus in the mid-third central breast as well as 
a 7 mm area of enhancement in the upper outer 
aspect of the right breast. Mammography and 
second-look ultrasound demonstrated no defi-
nite mammographic or sonographic correlate to 
these findings, and a 6-month MRI follow-up was 
recommended. This was done as directed in May 
2008 and showed a stable 5 mm enhancing mass 
in the mid-third central right breast. Around the 
same time, she had an abnormal Pap smear, and a 
LEEP procedure showed mild squamous dyspla-
sia (CIN1) [5].

In April 2009, at age 28, the patient’s breast 
MRI revealed a new 3 cm speculated enhancing 
mass in the right breast and enlarged, abnormal- 
appearing, right axillary lymph node and a new 
6  mm mass in the left breast. An ultrasound- 
guided core biopsy of the right breast and right 
axillary lymph node was performed and was posi-
tive for invasive ductal carcinoma grade 3 
(3 + 3 + 3), 0.7 cm in maximum dimension (no in 
situ component identified), and a 2.6 cm mass of 
the right axilla (ER/PR positive, HER2 negative) 
with a minute fragment of metastatic adenocarci-
noma (less than 0.1 cm) in lymphoid tissue. She 
met with multiple breast cancer surgeons and 
decided to undergo bilateral mastectomies. A 
right modified radical mastectomy confirmed 
infiltrating poorly differentiated ductal carcinoma 
with associated lymphoid infiltrate, grade 3 
(3 + 3 + 3) of 3, measuring 2.5  cm in greatest 
dimension. Additionally, ductal carcinoma in situ 
(DCIS), nuclear grade 3, solid type with comedo 
necrosis and microcalcifications, minor compo-
nent. Her surgical resection margins were nega-
tive for carcinoma as were her skin and nipple. 
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She did have metastatic carcinoma in one of four 
lymph nodes, with extranodal extension, meta-
static deposit measured at least 2.3 cm. Her right 
axillary lymph node dissection revealed meta-
static carcinoma in one of five lymph nodes 
(T2 N1 ER+). Lymphovascular invasion was pres-
ent with two of nine positive nodes (2.5  cm in 
greatest dimension) (pT2 N1a M0) overall stage 
IIB breast cancer [6, 7]. The patient also had a left 
simple mastectomy the same day with no evi-
dence of malignancy. She opted for breast recon-
struction and began this process at the same time.

47.2  Management

Prior to starting chemotherapy in July 2009, the 
fertility navigator was contacted, and the patient 
saw a reproductive endocrine specialist. She 
underwent controlled ovarian hyperstimulation 
and had five embryos frozen. She was engaged to 
be married at that time. Adjuvant chemotherapy 
consisted of Cyclophosphamide (600  mg/m2) 
and Taxotere (75 mg/m2) every 3 weeks for four 
cycles. She was admitted to the hospital after cycle 
one with neutropenic fever and bone pain. She 
received Neulasta with the following cycles. This 
was followed by 6 weeks of right chest wall radia-
tion, with a total dose of 61 Gy ending December 
2009. Near the same time, the selective estrogen 
receptor modulator (SERM), Tamoxifen, was pre-
scribed by her medical oncologist, and the patient 
was told to wait 2 years to attempt pregnancy. In 
May 2011, the patient reported that she temporar-
ily stopped taking the medication due to vulvar fis-
sures and vulvar pain. She developed ovarian cysts 
and an endometrial polyp, which was treated with 
a hysteroscopy with polypectomy. Additionally, 
in 2011, she was diagnosed with hypothyroidism 
and began treatment with Levothyroxine Sodium.

In January 2012, her Tamoxifen was temporar-
ily discontinued by her medical oncologist 
because she wanted to attempt pregnancy. She and 
her husband met with her reproductive endocri-
nologist and had eight cycles of in vitro fertiliza-
tion (IVF) without success (two SABs) over a 
2-year period of time (five fresh cycles and three 
frozen transfers). At that time, she used all five of 
her frozen embryos. Her medical oncologist was 
concerned about her being off of Tamoxifen dur-
ing this time and discussed options of donor egg 

IVF, donor egg with a gestational carrier, and 
autologous IVF with a gestational carrier. The 
patient and her husband also looked into adop-
tion. She and her husband decided to pursue using 
donor egg IVF. During this time she had frequent 
visits with the reproductive endocrinologist, who 
managed her thyroid levels. In April 2014, with 
her first transfer of two donor embryos, she 
achieved a viable pregnancy (twins). She was fol-
lowed by maternal-fetal medicine for the majority 
of her pregnancy. At 21 weeks gestation, she had a 
cerclage placed emergently due to a short cervix 
affecting pregnancy. In November 2014, she deliv-
ered twin boys at 30 weeks gestation in the setting 
of suspected chorioamnionitis and fetal tachycar-
dia. The twins were discharged home after 7 weeks 
in the neonatal intensive care unit.

The patient still had ten frozen donor embryos 
but was advised against an additional pregnancy, 
as her medical oncologist recommended that she 
resume hormone therapy for the next 10  years 
due to her node-positive disease and break in hor-
mone therapy. She resumed Tamoxifen after the 
delivery of her twins and Goserelin Acetate 
(Zoladex) monthly injections were added in May 
2015. Tamoxifen was changed to an Aromatase 
Inhibitor (AI)—Anastrozole—in November 2015, 
and the patient is tolerating the regimen well with 
occasional joint pain and mild hot flashes at 
nighttime [8].

Throughout the time of attempting pregnancy 
and after the birth of her twins, she frequently dis-
cussed the extreme emotional rollercoaster she 
and her husband experienced. She said that the 
process of getting pregnant was more difficult 
emotionally than her first or second cancer expe-
rience. She was supported by her family and team 
and had frequent visits with the reproductive 
team’s psychologist which she felt was instrumen-
tal in helping her cope during this trying time [9, 
10]. She continued to take her AI but consulted 
with a fertility navigator to discuss options, given 
her ten remaining embryos. She reported feeling 
sad about the idea of not having more children but 
ultimately decided that she was not willing to risk 
going off medications for fear of cancer reoccur-
rence. In addition, the cost of a gestational carrier 
was a barrier for her and her husband. She reports 
being thankful for each day, extremely grateful for 
the birth of her children and the past and ongoing 
medical surveillance she receives [11, 12].
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Clinical Pearls/Pitfalls
 5 Lifelong cancer survivorship care is 

recommended for childhood, adoles-
cent, and young adult (CAYA) cancer 
survivors and should include surveil-
lance for secondary cancers and late 
effects of therapy per survivorship 
guidelines based on patient age at 
diagnosis.

 5 Educating CAYA survivors about poten-
tial or actual late effects of treatment is 
instrumental in assisting them in 
relaying this information to primary care 
providers they may see if a 
 comprehensive survivorship program is 
not available to them.

 5 If a secondary malignancy is detected, 
CAYA survivors should be immediately 
referred to reproductive endocrine to 
discuss fertility options prior to initiating 
treatment.

 5 A multidisciplinary team approach for 
infertility is recommended including 
psychosocial support and counseling.

 Review Questions and Answers

 ? Q1.  A 33-year-old woman with a history of 
Hodgkin lymphoma at age 15 presents 
for general care. Which resource would 
you consult for the treatment-related 
potential late effects of therapy and 
surveillance recommendations?
(a) American Cancer Society
(b) ASCO compendium
(c) Children’s Oncology Group Long 

Term Follow-Up Guidelines
(d) All of the above

 v A1.  (d) (but C is also appropriate due to her 
age at diagnosis)

 ? Q2.  A 24-year-old patient treated for acute 
lymphocytic leukemia at age 19 has a 
late relapse of her disease. The plan is 
to treat with a hematopoietic stem cell 
transplant. Please name the specialists 
that she should be referred to during 
this emotional time.

 (a) Medical Oncologist
 (b) Reproductive Endocrinologist
 (c) Psychologist or Social Worker
 (d) All of the above

 v A2. (d)

 ? Q3.  Which of the following is/are risk 
factors for secondary breast cancer?
(a) Anthracycline chemotherapy
(b) Alkylating agent chemotherapy
(c) Mantle radiation
(d) All of the above

 v A3. (c)

 ? Q4.  True or False: Hypothyroidism can occur 
after cancer treatment with mantle 
radiation.

 v A4. True
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48.1    Assessment and Diagnosis

This 41-year-old patient with breast cancer would 
be expected to complete her tamoxifen at 51 years 
of age, the average age of menopause [1]. At the 
time of her fertility preservation consultation, she 
was faced with an abrupt loss of fertility from mul-
tiple insults: the significant passage of time related 
to her impending tamoxifen usage, physiologic 
age-related decline which renders many women 
infertile at her current age of presentation, and a 
personal history of endometriosis.

Female fertility declines dramatically in the 
fourth decade of life due to a decline in ovarian 
reserve and a concomitant increase in aneuploid 
embryo formation [2]. Assisted reproductive tech-
nologies (ART) do little to overcome age- related 
fertility decline [2]. Based on national IVF suc-
cess rates, the likelihood of live birth following 
IVF is 13.3% in women 41–42 years and 3.9% for 
women >42  years [3]. Other risk factors such as 
endometriosis and BRCA1 mutations contribute 
to a diminished ovarian reserve [4, 5]. While this 
patient does not have a BRCA mutation, it is often 
a consideration in patients with breast cancer or 
those presenting for fertility consultation due to 
known BRCA mutations.

Patients and providers alike grossly overesti-
mate the likelihood of fertility at advanced repro-
ductive ages and, importantly, overestimate the 
ability of ART to overcome age-related infertil-
ity [6]. The consequence for many is unintended 
childlessness. This phenomenon is particularly 
pertinent among patients with a cancer diagno-
sis presenting for fertility preservation, as these 
women may not have the time or resources to 
embark on multiple cycles of ART to overcome 
age-related diminished ovarian reserve and  
aneuploidy.

Among 41-year-old women pursuing IVF with 
preimplantation genetic screening, nearly 70% of 
embryos are expected to be aneuploid, with this 
number climbing to over 88% by 44 years [7]. Given 
the impact of age-related aneuploidy, patients of 
advanced reproductive age often require multiple 
IVF cycles to achieve a euploid embryo. Across 
all age ranges, the rates of no euploid cycles have 
been reported up to 25%, a rate that is significantly 
higher in the fifth decade [7]. Patients should be 
counseled on the possibility of no euploid embryos 
available for transfer following IVF or, in the case 
of fertility preservation, no euploid embryos 
available for cryopreservation. This knowledge 
is particularly critical in the oncofertility patient 

 Case Presentation

A 41-year-old G2P0020 (gravida 2, 
para 0, abortus 2) female with a 
history of endometriosis and newly 
diagnosed stage I estrogen recep-
tor positive, progesterone receptor 
positive, human epidermal growth 
factor receptor 2 negative (ER+/
PR+/HER2−) breast cancer pre-
sented to discuss fertility preserva-
tion. The patient was diagnosed 
with breast cancer 3 months prior 
to presentation and had under-
gone a bilateral mastectomy with 
concurrent reconstruction with 
tissue expanders. Breast cancer 
type 1 and 2 susceptibility genes 
(BRCA1/BRCA2) testing was nega-
tive. Her treatment plan included 
a 10-year tamoxifen course but no 
requirement for chemotherapy. 
Her medical oncologist was willing 

to delay therapy to allow for fertil-
ity preservation.

The patient was in a 12-year 
sexually intimate relationship with 
a 54-year-old healthy male using 
a copper intrauterine device (IUD) 
for contraception. Prior to her 
breast cancer diagnosis, she had 
intended to remove her IUD at its 
10-year expiration and passively 
try for pregnancy; she would 
have been 41 years old. She had 
a history of two prior spontane-
ous miscarriages after unplanned 
pregnancies at age 27 years and 
31 years. Her partner had not 
previously conceived with her or 
previous partners. Her gynecologic 
history was notable for irregular 
menses and surgically confirmed 
endometriosis requiring two lapa-

roscopic resections for pelvic pain 
at ages 33 and 40. She was without 
other major medical problems.

She presented with normal 
vital signs, a BMI of 21 and a 
normal physical exam. Pelvic 
ultrasound was normal. Ovarian 
reserve testing demonstrated an 
antral follicle count (AFC) of 9, 
anti-mullerian hormone (AMH) 
level of 1.52 ng/mL, day two fol-
licle stimulating hormone (FSH) 
level of 12.5 mIU/mL, and estradiol 
of 55 pg/mL. Her partner’s semen 
analysis confirmed a volume of 
1.5 mL, count 9 × 106/mL, motil-
ity 6%, morphology 3% normal 
forms. Appropriate screening was 
performed according to state and 
federal requirements for a future 
gestational carrier.
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who deserves a realistic expectation of the likeli-
hood of future conception with her cryopreserved 
embryos.

Oncofertility patients may require the use of 
a gestational carrier (GC), and in this patient’s 
case, it would be warranted because of her antici-
pated age upon completion of tamoxifen. Given 
the tremendous cost and effort associated with 
the use of GC, understanding an embryo’s poten-
tial prior to beginning the GC process is critical. 
 Preimplantation genetic testing for aneuploidy 
(PGT-A) can aid in optimal embryo selection for 
patients utilizing a GC [8]. Understanding the low 
likelihood of producing a euploid embryo based 
on her age, this patient elected to undergo PGS to 
understand the future pregnancy potential of any 
embryos produced.

48.2    Management

The patient elected to proceed with embryo cryo-
preservation with preimplantation genetic testing 
for aneuploidy (PGT-A). She intended to use a ges-
tational carrier during her tamoxifen course or, if 
safe from an oncology perspective, to pursue preg-
nancy with her cryopreserved embryo(s) during 
a tamoxifen holiday. She was carefully counseled 
regarding age-related aneuploidy rates and the pos-
sibility of a negative outcome. A standard antago-
nist protocol was planned with letrozole 5  mg 
daily for estrogen suppression. On cycle day 2, the 
patient initiated treatment with daily subcutaneous 
follitropin alfa 300 mg and menopur 150 mg, oral 
letrozole 5 mg, and subcutaneous cetrorelix initi-
ated on cycle day 6. Five follicles were produced, 
ranging from 14.5 to 22.5 mm. Ovidrel was admin-
istered on day 11 with retrieval 35 hours later on 
day 13. One germinal vesicle (GV) and four meta-
phase II (MII) oocytes were retrieved, and intracy-
toplasmic sperm injection (ICSI) was performed 
based on semen parameters. Two pro-nuclei 
embryos resulted and were cultured to the blasto-
cyst stage, with both blastocysts meeting criteria for 
trophectoderm biopsy (Grade 3BB on days 5 and 6, 
respectively). PGS with next-generation sequenc-
ing (CooperGenomics, Livingston, NJ, USA) was 
performed; both blastocysts were deemed “com-
plex abnormal” with ≥3 aneuploidies each.

After extensive counseling, and with oncology 
approval, the patient elected to pursue a second 
cycle. Following the same protocol, three oocytes 

were retrieved, including two MII oocytes and 
one Metaphase I (MI) oocyte. The MII oocytes 
underwent ICSI and both fertilized abnormally. 
The patient was counseled that, unfortunately, the 
cycle was unsuccessful.

48.3    Outcome

Tamoxifen therapy was initiated for an antici-
pated 10-year course, thus ending the patient’s 
fertility preservation attempts. She was coun-
seled regarding alternate family-building options, 
including donor oocyte IVF and adoption. While 
she did not achieve her desired outcome, she was 
grateful to know that her two blastocysts were, 
in fact, aneuploid rather than maintaining hope 
(and storage fees) for embryos that could not have 
resulted in pregnancy. She noted a degree of com-
fort knowing that she had made every attempt to 
preserve her fertility.

Clinical Pearls and Pitfalls
 5 Owing to diminished ovarian reserve 

and age-related aneuploidy, women 
pursuing ART at advanced reproductive 
ages often require multiple IVF cycles to 
produce a euploid embryo; oncology 
patients often cannot afford the time 
required to achieve multiple cycles.

 5 Preimplantation genetic testing for 
aneuploidy (PGT-A) increases the knowl-
edge of potential fertility preservation.

 5 A collaborative approach between 
oncology and reproductive endocrinol-
ogy is required to give patients the best 
chance of fertility preservation without 
compromising oncologic outcomes.

 5 Psychosocial support and resources are 
critical for patients navigating the 
emotionally challenging path of fertility 
preservation.

 Review Questions and Answers

 ? Q1.  The likelihood of a live birth from one 
cycle of IVF at 41 years is:
(a) 5.5%
(b) 13.3%

Fertility Preservation at an Advanced Reproductive Age: When Hope and Reality…
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(c) 30.9%
(d) 45.1%

 v A1.  (b) [3]. To achieve this rate, the transfer 
of multiple embryos is often required. In 
patients pursuing PGS at 41 years old, 
multiple IVF cycles are often required to 
achieve a euploid embryo. The 
likelihood of pregnancy following the 
transfer of a euploid embryo is 60–70%; 
a patient cryopreserving embryos for 
fertility preservation should, therefore, 
attempt to cryopreserve >1 euploid 
embryo to achieve future pregnancy. 
Patients seeking fertility preservation at 
advanced reproductive ages should 
understand the significant impact of 
age on success rates.

 ? Q2.  All factors decrease ovarian reserve 
and, therefore, typically lower 
responses to IVF except:
(a) BRCA1 mutation
(b) Prolonged long-acting reversible 

contraception (IUD) use
(c) Endometriosis
(d) Advanced age

 v A2.  (b). Prolonged long-acting reversible 
contraception (IUD). Prior studies reveal 
no difference in pregnancy rates upon 
the discontinuation of both hormonal 
and non-hormonal IUDs compared to 
nonusers [9]. BRCA genes play critical 
roles in the repair of double-stranded 
DNA breaks, and germ line mutations 
plausibly lead to accelerated oocyte 
apoptosis and depletion. Decreased 
ovarian reserve has been demonstrated 
by decreased AMH levels, a marker for 
ovarian reserve, in patients with BRCA 
mutations compared with 
aged-matched controls [4]. 
Endometriosis is an estrogen-
dependent chronic inflammatory state 
causing infertility and pelvic pain. The 
cause of infertility is multifactorial, 
including the decreased quantity and 
quality of oocytes. Oocytes retrieved 
from women affected by endometriosis 
are more likely to fail in vitro 

maturation and show altered 
morphology [5]. The number of oocytes 
decreases naturally and progressively 
through atresia, starting from a 
maximum complement of 6–7 million 
at 20 weeks of gestation in the female 
fetus, to 1–2 million at birth, 
300–500,000 at puberty, 25,000 at age 
37 years, and 1000 at age 51 years, the 
average age of menopause [2].

 ? Q3. Undergraduate American students:
(a) Plan to have their first child within 

the window of a woman’s fertility
(b) Overestimate the age as which 

fertility declines
(c) Overestimate the chances of 

successfully IVF treatments
(d) All of the above

 v A3.  (d). All of the above. While a survey 
study by Peterson et al. found that 
American undergraduate students plan 
to have their first child within the 
window of a woman’s fertility, over half 
of men and nearly 40% of women 
planned to have their second child 
between ages 35 and 44 years old. 
Two-thirds of women and 81% of men 
inaccurately believed that female 
fertility markedly declines after the age 
of 40 (instead of gradually at 32 years 
and rapidly at 37 years), and one-third of 
women and nearly half of men believed 
the decline takes place after age 
44 years – when IVF success rates are 
3.2% per IVF cycle. The expected success 
of IVF treatments was also greatly 
overestimated [6]. Similar findings are 
well supported in multiple other studies 
across many countries, beaconing the 
need for increased education. 
Unfortunately, these misconceptions are 
also prevalent among healthcare 
providers, including gynecologists.

 ? Q4. Female fertility decreases significantly at:
(a) 28 years
(b) 32 years
(c) 37 years
(d) 42 years
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 v A4.  (b). The fecundity of women decreases 
gradually but significantly beginning at 
age 32 years. It decreases more rapidly 
after age 37 years. Expedited evaluation 
for infertility is warranted in women 
35 years and older after 6 months of 
failed attempts to conceive. At age 
40 years, immediate evaluation and 
treatment are warranted [2].

 ? Q5.  Miscarriage rates for women 41 years old 
after IVF with fresh embryo transfer is:
(a) 9.9%
(b) 11.4%
(c) 13.7%
(d) 19.8%
(e) 29.6%
(f ) 36.6%

 v A5.  (e). Prior studies of women conceiving 
with IVF indicate 9.9% of women fewer 
than 33 years have a miscarriage after 
7 weeks and confirmed fetal heart 
activity. Rates progressively increase to 
11.4% for women 33–34 years, 13.7% 
for women aged 35–37 years, 19.8% for 
women aged 38–40 years, 29.9% for 
women aged 41–42 years, and 36.6% 
for women older than 42 years. 
Autosomal trisomy is the most frequent 
finding in spontaneous abortion and 
increases with age. It is partially 
mediated through changes in the 
meiotic spindle, predisposing to 
nondisjunction [2].
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 Case Presentation

MF was a 35-year-old, married, 
nulliparous female who 
presented to her primary 
physician with shortness of 
breath, dry cough, night sweats, 
and chest discomfort. Her chest 
X-ray revealed a 10 cm, right 
anterior, mediastinal mass and 
PET/CT demonstrated pancreatic 
and liver infiltration. US-guided 
biopsy of the large mediastinal 
mass revealed findings consis-
tent with a mediastinal large 
B-cell lymphoma. She was 
hospitalized given her significant 
shortness of breath, and it was 
recommended that she undergo 
chemotherapy immediately with 
cyclophosphamide, doxorubicin, 
vincristine, prednisone, and 
rituximab (R-CHOP). She refused 
chemotherapy initially because 
she was very concerned about 
the effects on her future fertility. 
A fertility preservation consulta-
tion was requested and MF was 
informed of the moderate risk of 
infertility and ovarian failure 
related to this chemotherapeutic 
regimen at her age [1]. Options 
for fertility preservation were 
discussed including embryo 
cryopreservation, oocyte 
cryopreservation, ovarian 
cryopreservation, and ovarian 
suppression with GnRH agonists 
[2]. Given the severity of her 
respiratory symptoms, it was 
recommended that she proceed 
with chemotherapy immediately 
and not delay therapy to 
undergo ovarian stimulation. 
Instead, she was interested in 
undergoing ovarian tissue 
cryopreservation after one cycle 
of chemotherapy was complete. 
Ovarian reserve testing was 
performed prior to chemother-
apy exposure, and her anti-
Mullerian hormone (AMH) was 
noted to be 0.3 ng/mL at that 
time. She subsequently was 
treated with R-CHOP. After her 
first cycle of chemotherapy, she 
was counseled extensively about 
ovarian tissue cryopreservation 
and was enrolled in an IRB-

approved experimental ovarian 
tissue cryopreservation protocol 
at our institution [3]. A laparo-
scopic right ovarian cortical 
biopsy was performed. During 
this procedure, approximately 
1/3 of the ovarian cortex was 
removed from the left ovary, 
dissected into small fragments, 
and cryopreserved using a slow 
freeze technique utilized by the 
Oncofertility Consortium [4]. She 
experienced no complications 
and subsequently completed a 
total of six cycles of R-CHOP and 
mantle radiation.

After therapy, her menstrual 
cycles did not resume and her 
reproductive hormones 
suggested acute menopause. 
She was treated with hormone 
replacement therapy to manage 
menopausal symptoms and to 
optimize bone health. Three 
years after her diagnosis, she 
remained in good health with no 
evidence of disease. Hormone 
therapy was stopped and 
reproductive hormone testing 
was found to be compatible with 
menopause with an AMH 
<0.08 ng/mL, FSH >80 mIU/mL, 
and E2 <20 pg/mL [5]. She was 
counseled regarding her options 
for having a family. Several 
options were discussed including 
ovarian tissue transplantation 
and alternatives such as donor 
egg or adoption. She strongly 
desired ovarian tissue transplan-
tation in order to attempt to have 
a genetically related child. Before 
proceeding with the surgery, a 
consultation was performed by 
her oncologist to determine the 
safety of autologous ovarian 
tissue transplant using her 
previously frozen tissue. She was 
also referred to a maternal- fetal 
medicine specialist to discuss the 
safety of pregnancy. There was 
agreement amongst the 
specialists that it was safe for her 
to attempt pregnancy with 
ovarian tissue transplantation. 
She enrolled in an IRB-approved 
experimental ovarian tissue 

transplantation protocol at our 
institution. Laparoscopy was 
performed, and all of the frozen 
ovarian cortical tissue was 
thawed. Both ovaries were 
incised and the vascular medulla 
was exposed. Each fragment of 
ovarian tissue was sutured to the 
existing ovaries. A hysteroscopy 
and chromopertubation of the 
fallopian tubes was performed at 
the time of surgery and 
confirmed a normal uterine 
cavity and tubal patency.

After surgery, she was 
monitored with serial ultra-
sounds and bloodwork to assess 
ovarian activity. Approximately 
6 months after transplant, she 
reported an improvement in her 
menopausal symptoms and was 
noted to have a dominant follicle 
on ultrasound. An intrauterine 
insemination was performed, but 
she failed to conceive. Menstrual 
cycles stopped thereafter. She 
subsequently pursued pregnancy 
using an egg donor and has 
delivered two healthy children.

Oocyte and embryo 
cryopreservation are typically 
recommended as first-line 
therapies for fertility preservation 
in women facing fertility-threaten-
ing treatments like chemotherapy. 
However, ovarian tissue 
cryopreservation is an excellent 
option for patients who must 
proceed with chemotherapy 
urgently and do not have 
sufficient time to undergo ovarian 
stimulation due to health 
concerns or aggressive disease [6]. 
Live births from ovarian tissue 
transplantation have been 
reported in patients who had 
been exposed to chemotherapy 
before ovarian tissue cryopreser-
vation. However, it is possible that 
such exposure may reduce the 
number of follicles available for 
cryopreservation. Indeed, the 
success of OTC appears to be 
highest in young patients with 
excellent ovarian reserve at the 
time of cryopreservation. 
Unfortunately, the patient 
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described in this case was 35 years 
of age and already had evidence 
of diminished ovarian reserve. No 
doubt these factors played a role 
in the limited duration of ovarian 
function after transplantation and 
the failure to achieve pregnancy. 
Nonetheless, ovarian function 
resumed for a short period of 
time. One of the principal risks 
related to ovarian tissue 
transplantation is the potential to 
cause a cancer recurrence by 
seeding the patient with cancer 
cells resident in the ovarian tissue. 
This risk appears to be highest in 
cancers that involve the ovary or 
liquid tumors like leukemia [2]. 
Therefore, consultation with an 

oncologist and maternal-fetal 
medicine specialist is recom-
mended before transplantation. 
Ovarian tissue transplantation is 
still considered experimental and 
should be conducted as part of an 
IRB-approved protocol.
This case highlights how strongly 
patients feel about their fertility. 
This patient was highly educated 
and vocal at the time of 
diagnosis. In fact, she demanded 
to speak with a reproductive 
specialist before accepting 
chemotherapy in the hospital. 
Evidence suggests that fertility 
preservation counseling is 
extremely important and 
minimizes regret after treatment, 

even if patients do not pursue it 
[7]. Therefore, all patients facing 
fertility-threatening therapies 
should be counseled about the 
potential reproductive risks and 
options for extending fertility. 
Even though fertility preserving 
strategies are not always 
successful, they provide patients 
with an opportunity to attempt 
to have a genetic child after 
treatment. Thankfully, other 
highly successful options exist 
for family building, including IVF 
with egg or embryo donation 
and adoption. Ultimately, this 
patient is extremely happy that 
she has been able to complete 
her family as a cancer survivor.

 Review Questions and Answers

 ? Q1.  Which of the following options would 
be most appropriate for a patient 
who has already begun 
chemotherapy treatment for Hodgkin 
disease?

 (a) Oocyte cryopreservation
 (b) Embryo cryopreservation

 (c) Ovarian tissue cryopreservation
 (d) Ovarian suppression with 

combined oral contraceptives

 v  A1. (c). Ovarian tissue cryopreservation

 ? Q2.  Ovarian function typically resumes 
after how many months post 
transplant:

 (a) 2–3 months
 (b) 4–6 months
 (c) 9–11 months
 (d) 12–15 months
 (e) 18–24 months

 v  A2.  (b). Ovarian function typically resumes 
4–6 months post transplant

 ? Q3.  Ovarian tissue cryopreservation and 
subsequent transplantation are most 
appropriate in patients with which of 
the following types of cancer:

 (a) Leukemia
 (b) Lymphoma
 (c) Breast cancer in a BRCA carrier
 (d) Ovarian cancer

 v  A3.  (b). Lymphoma rarely involves the 
ovaries and, therefore, is unlikely to be 
related to recurrent cancer after 
ovarian tissue transplantation.

Clinical Pearls and Pitfalls
 5 Ovarian tissue cryopreservation may be an 

option for patients who are not candidates 
for delaying therapy either because of 
health concerns or aggressive disease.

 5 Ovarian tissue cryopreservation may be 
performed after exposure to chemotherapy.

 5 Ovarian function often resumes after 
ovarian tissue transplantation but the 
duration may be limited by the number of 
follicles in the tissue.

 5 Ovarian transplantation should not be 
performed in patients whose cancer is likely 
to contain cancer cells that could lead to a 
recurrence.

 5 Ovarian tissue transplantation is still 
considered experimental and should be 
conducted as part of an IRB-approved 
protocol.

 5 Because pregnancy may be high risk in 
cancer survivors, consultation with an oncolo-
gist and maternal-fetal medicine specialist is 
recommended before transplantation.

Case Presentation: Ovarian Tissue Cryopreservation and Subsequent…
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 Case Presentation

A 34-year-old primigravid woman was diagnosed 
with acute lymphocytic leukemia (ALL) during her 
17th week of pregnancy. Her oncology team 
determined that chemotherapy must start immedi-
ately with the standard induction I and II protocols as 
described by the German Multicenter Study Group 
for Adult Acute Lymphoblastic Leukemia (GMALL). At 
the beginning of her third trimester, the patient will 
receive the standard consolidation I protocol with 
high-dose methotrexate.

Due to the ongoing pregnancy and potential 
risks of chemotherapy-induced gonadotoxicity, the 
patient was referred to the reproductive medicine 
department for fertility preservation counseling 
and further management.

50.1    Assessment and Diagnosis

In this pregnant patient with ALL, several com-
plex challenges are raised, including:

 5 Leukemia in pregnancy is a rare condition 
with a prevalence of ~1 in 100,000 pregnan-
cies. Consequently, limited data or 
evidence-based management strategies 
are available [1].

 5 Although the administration of chemother-
apy during the second and third trimesters 
does not increase the incidence of fetal 
anomalies or childhood malignancies, it  
may result in increased incidence of preterm 
labor, intrauterine growth retardation, or fetal 
death [2].

 5 Proper management of leukemia in 
pregnancy necessitates a high level of 
coordination and collaboration between 
oncologists, obstetricians, and neonatologists 
in order to improve the maternal and fetal 
outcome.

 5 While fertility preservation should be 
considered before initiation of chemotherapy, 
the 5-year relative survival for adults with 
ALL is only about 40% [3].

50.2    Management

Due to the ongoing pregnancy and the necessity 
for immediate initiation of chemotherapy in this 
patient, ovarian tissue cryopreservation was the 
only feasible option for emergency fertility pres-

ervation. Informed consent was obtained from 
the patient prior to the surgical procedure [4].

After coordination with the oncology team, 
the patient underwent laparoscopic right oopho-
rectomy 1 day before the initiation of chemother-
apy. The ovarian tissue was transported to our 
laboratory within 10 min of extraction for further 
processing. Except where otherwise stated, all 
chemicals were obtained from Sigma (Sigma 
Chemical Co., St. Louis, MO, USA). As previously 
described by our group, the basal medium used 
for transport and dissection was composed of 
Leibovitz L-15 supplemented with 5% Dextran 
Serum Substitute (Irvine Scientific, Santa Ana, 
CA, USA). The temperature of the sample was 
maintained between 32 °C and 34 °C. The ovarian 
cortex was dissected into small strips (medulla- 
containing strips: 0.5–1 × 0.5–1  cm, 1–2  mm 
thickness) using tweezers and a number 22 scal-
pel under aseptic conditions.

Ovarian tissue strips were cooled at 5  °C for 
24 hours with plans for cryopreservation using a 
slow freezing protocol on the following day. On 
the day of cryopreservation, the ovarian tissue 
strips were placed for 30 min at room temperature 
in 20  ml freezing medium composed of basal 
medium supplemented with 6% dimethyl sulfox-
ide, 6% ethylene glycol, and 0.15 M sucrose. Then, 
each ovarian tissue strip was put into a standard 
5 ml cryovial (Thermo Fisher Scientific, Rochester, 
NY, USA) previously filled with 4.5  ml freezing 
medium and frozen in an IceCube 14S freezer 
(SyLab, Neupurkersdorf, Austria). The slow cool-
ing profile was started at −6  °C, and then the 
cryovials were cooled from −6 °C to −34 °C at a 
rate of −0.3 °C/min. This slow freezing protocol 
included the auto-seeding step at −6 °C. Finally, 
at −34  °C, cryovials were plunged into liquid 
nitrogen and stored until future use.

50.3    Outcome

Chemotherapy protocols were administered as 
planned. At the 31st week of gestation, elective 
Cesarean section was performed to avoid chemother-
apy-induced pancytopenia. No maternal or neonatal 
complications were recorded.

If the patient successfully completes her anti-
cancer therapy and is medically cleared for preg-
nancy, her endocrine and ovarian reserve testing 

 M. Salama et al.



491 50

will be reassessed. If the patient suffers from POI, 
she may then wish to use her cryopreserved ovar-
ian tissue to restore her fertility. As the autotrans-
plantation of cryopreserved-thawed ovarian 
tissue is absolutely contraindicated in leukemia 
due to the high risk of ovarian tissue contamina-
tion with malignant cells, the only feasible way to 
restore fertility in this patient may be with artifi-
cial ovary technology [5, 6].

An artificial ovary is a novel experimental 
technology that aims to produce mature oocytes 
for in  vitro fertilization through an ex  vivo mul-
tistep strategy including sequential in  vitro cul-
tures of ovarian tissue, follicles, and oocytes [7–9]. 
Although successful only in mice, further advances 
in research will help to establish a human model. 
Briefly, cryopreserved- thawed cortical ovarian 
tissue pieces can be cultured in  vitro for up to 
6–10 days to activate primordial follicles within the 
ovarian tissue to develop to the pre-antral stage [10, 
11]. The pre-antral follicles are then enzymatically 
or mechanically isolated from the ovarian tissue 
and further cultured for up to 4 weeks in a biode-
gradable 3D micro- environment made of alginate, 
matrigel, or fibrin [12]. The 3D in  vitro culture 
helps pre-antral follicles develop to the early antral 
stages [13–17]. The early antral follicles are then 
enzymatically or mechanically isolated from the 
surrounding 3D micro-environment and finally 
punctured to release oocytes [18]. Oocytes are usu-
ally immature, and they may be cultured in vitro 
for 24–48 hours in order to mature into metaphase 
II (MII) oocytes for use in in vitro fertilization.

Clinical Pearls and Pitfalls
 5 Leukemia in pregnancy is a rare condition 

with a prevalence of ~1 in 100,000 
pregnancies.

 5 Proper management of leukemia in 
pregnancy necessitates a high level of 
coordination and collaboration between 
oncologists, obstetricians, and neona-
tologists in order to improve the 
maternal and fetal outcome.

 5 As the autotransplantation of 
cryopreserved- thawed ovarian tissue is 
contraindicated in leukemia patients  
due to the high risk of ovarian tissue  
contamination with malignant cells, 

artificial ovary technology may be the 
only feasible option to restore fertility in 
this population.

Conflict of Interest All authors state that they have 
no conflicts of interest.

 Review Questions and Answers

 ? Q1.  What are the different side effects of 
chemotherapy administration during 
the second and third trimesters?

 v A1.  Although the administration of 
chemotherapy during the second and 
third trimesters does not increase the 
incidence of fetal anomalies or 
childhood malignancies, it may result in 
an increased incidence of preterm 
labor, intrauterine growth retardation, 
or fetal death.

 ? Q2.  What are the survival statistics for 
adults with ALL?

 v A2.  The 5-year relative survival for adults 
between ages 25 and 64 with ALL is 
about 40%.

 ? Q3.  Why is ovarian tissue autotrans-
plantation contraindicated in leukemia?

 v A3.  Ovarian tissue autotransplantation is 
contraindicated in leukemia due to the 
high risk of ovarian tissue 
contamination with hematological 
malignant cells.

 ? Q4. Explain the concept of an artificial ovary.

 v A4.  An artificial ovary is a novel 
experimental technology that aims to 
produce mature oocytes for in vitro 
fertilization through an ex vivo 
multistep strategy including sequential 
in vitro cultures of ovarian tissue, 
follicles, and oocytes.

Ovarian Tissue Cryopreservation in a Rare Case of a Pregnant Woman with Acute Leukemia
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51.1  Assessment and Diagnosis

This young man had an emergent presentation of 
newly diagnosed acute myeloid leukemia with a 
high blast count, acute kidney injury, and signifi-
cant upper airway edema. Beyond the medical 
challenges of remission induction, his risk for leu-
kemia relapse depended on the results not imme-
diately available, including his cytogenetics and 
molecular testing and then his response to first- 
line chemotherapy. These risk factors would later 

determine his post-remission therapy, including 
decisions about the intensity of chemotherapy 
and the use of bone marrow transplantation  
[1–3]. Thus, the possible impact of his leukemia 
therapy on future fertility was difficult to fully 
assess at initial presentation. However, the impact 
on his fertility was very likely to be considerable, 
and the topic of future fertility is often meaningful 
to an adolescent and young adult (AYA) patient, 
so it is important to discuss the potential impacts 
of therapy prior to starting whenever possible [4]. 

       . Fig. 51.1 Peripheral blood smear of circulating blasts notable for a high nuclear to cytoplasmic ratio, a moderate 
amount of basophilic cytoplasm, open chromatin, and prominent nucleoli

 Case Presentation

A 23-year-old man presented to a 
referring hospital emergency room 
with gradually worsening throat 
pain. He was febrile to 38.4°C and 
his exam was notable for very 
large, erythematous tonsils. His 
labs were notable for a white 
blood cell (WBC) count of 119.8 K/
cu mm (3.50–10.80 K/cu mm) with 
91% blasts, creatinine elevated to 
1.63 mg/dL (0.70–1.30 mg/dL), and 
lactate dehydrogenase (LDH) of 

1122 U/L (≤250 U/L). Computed 
tomography (CT) of the neck was 
remarkable for the enlargement of 
tonsils and lymph nodes with a 
narrowing of the nasopharyngeal 
airway. He was started empirically 
on cefepime and transferred to a 
tertiary care intensive care unit 
(ICU) due to concern for impend-
ing airway compromise in the 
setting of likely new acute 
leukemia. Upon arrival, his 

peripheral blood smear was 
notable for numerous circulating 
blasts with a high nuclear to 
cytoplasmic ratio, a moderate 
amount of basophilic cytoplasm, 
open chromatin, and prominent 
nucleoli suggestive of monoblastic 
differentiation (. Fig. 51.1). Flow 
cytometry confirmed an 
immunophenotype consistent 
with acute myeloid leukemia 
(AML).

 A. S. DuVall et al.



497 51

Current reports suggest that 25% of AYAs will 
attempt to preserve fertility before cancer treat-
ment begins when offered the opportunity, 
although some of the major barriers to do so are 
that they do not know their fertility is at risk and 
there is not adequate time to pursue fertility pres-
ervation options [5].

AML is considered an oncologic emergency 
and outcomes have been found to be dependent 
on the time from diagnosis to treatment initiation 
in younger patients, necessitating that this patient 
start therapy as soon as possible to maximize out-
comes [6]. Yet, he was not clinically stable enough 
to be referred to a fertility specialist nor to travel 
to a center where sperm cryopreservation could 
be performed. Initial treatment with cytarabine 
and an anthracycline was discussed with the 
patient, including the possible effects on future 
fertility. The patient expressed interest in fertility 
preservation prior to therapy initiation.

Unfortunately, there are not large randomized 
control trials published about the safety and effi-
cacy of fertility preservation prior to the initiation 
of chemotherapy. There is a theoretical concern 
that leukemia cells could infiltrate reproductive 
organs, such as ovaries or testes, and then be 
transferred along with reproductive material. 
There is a large amount of observational data 
showing that a variety of fertility-preservation 
techniques can be performed safely in women, 
and there have been no reports of transferring 
leukemia [7]. There is less published experience 
with male fertility preservation, and though tes-
ticular leukemia is a well-described clinical entity, 
there have been large retrospective studies dem-
onstrating safety and efficacy [8–10]. However, 
previous reports have established that sperm 
count is decreased in leukemia patients even in 
comparison to other cancers and chronic disease 
prior to therapy [10].

51.2  Management

Optimal timing for sperm cryopreservation 
before any therapy is given to maximize the qual-
ity and DNA integrity of the semen specimen, 
which can be damaged by just one round of che-
motherapy [11]. Even though there is significant 
emotional stress and difficulty, it is important to 
discuss this at the time of diagnosis. However, less 
than 50% of people remember discussing fertility 

risks with their health care provider in some stud-
ies [12]. Ideally, this discussion would be held 
with a multidisciplinary team focused on provid-
ing patient education and providing fertility pres-
ervation procedures. These teams have become 
more common, particularly at institutions where 
there is expertise in caring for the AYA popula-
tion with cancer.

This patient did have a discussion about the 
potential impact of therapy on his future fertility 
shortly after his diagnosis, and he desired to 
attempt fertility preservation if possible. Although 
he was not able to leave the hospital, he was clini-
cally stable enough to manually provide semen 
for sperm cryopreservation, even in the ICU.  A 
multidisciplinary approach was taken, and pri-
vacy was coordinated between nursing, social 
work, the ICU team, the hematologic malignancy 
team, and the patient’s family. His father was able 
to transport the specimen immediately to the 
local lab for cryopreservation, and the patient  
was subsequently starting on induction chemo-
therapy.

Another option could have been testicular 
sperm extraction (TESE), which is called onco- 
TESE when used as an option for patients with 
cancer. Microdissection-TESE (micro-TESE) uti-
lizes an operating microscope to identify small 
pockets or crypts of sperm production in com-
parison to tissue extraction done with TESE, 
which success depends on a higher level of sper-
matogenesis. It has been shown to increase yield 
in certain clinical settings with a similar clinical 
complication rate and decreased hematoma and 
testicular fibrosis [13]. It does, however, require 
sedation, so he was not eligible for this procedure 
due to upper airway edema and concern for respi-
ratory compromise. In many situations though, 
this procedure could be coordinated with seda-
tion used for other cancer diagnostic procedures.

51.3  Outcome

Patient was diagnosed with high-risk AML based 
on molecular markers and inadequate response to 
the initial conditioning therapy. He achieved a 
remission after re-induction therapy and under-
went a matched unrelated donor hematopoietic 
stem cell transplant. Unfortunately, he was only 
able to bank 1.015 mL of semen with 0.07 million 
motile sperm (>20 million) and will establish care 

Case Presentation: Sperm Banking in Patient Diagnosed with Acute Myeloid Leukemia
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with a fertility specialist in the future if proce-
dures such as in vitro fertilization (IVF) or intra-
uterine insemination (IUI) are to be considered.

Clinical Pearls and Pitfalls
 5 The impact on fertility of antineoplastic 

therapy can be significant and impact 
the quality of life of patients undergoing 
therapy long after its completion.

 5 There are options for fertility preserva-
tion even in some of the more seriously 
ill patients.

 5 It is important to discuss these potential 
impacts early after diagnosis and ideally 
prior to initiating therapy.

 5 Multidisciplinary teams are encouraged, 
including fertility preservation specialists 
and other health care providers who care 
for AYAs with cancer.

 Review Questions and Answers

 ? Q1.  What is NOT a barrier to preserving 
fertility for those with cancer requiring 
chemotherapy?
(a) Providers taking the time during a 

busy period to go over the risks to 
fertility

(b) Cost of fertility-preserving measures
(c) Medical status of the patient
(d) Importance of fertility preservation 

to patients
(e) Available facilities for fertility 

preservation

 v A1. (d)

 ? Q2.  True or false? There have been reports of 
transferring leukemia through egg or 
sperm preservation.

 v A2. False

 ? Q3.  What percentage of patients remembers 
discussing the impact of fertility of 
therapy with his/her provider?
(a) 10%
(b) 25%

(c) 50%
(d) 65%
(e) 90%

 v A3. (c)

 ? Q4.  What is the best option for a male 
patient who has reached sexual maturity 
but is unable to provide semen and still 
wishes to preserve fertility?
(a) Nothing
(b) TESE
(c) Sexual education
(d) Only offering fertility treatment 

following therapy

 v A4. (b)

 ? Q5.  True or false? Men with leukemia have 
decreased sperm counts in comparison 
to their healthy peers and to those of 
similar age with chronic diseases making 
sperm backing successfully more 
challenging.

 v A5. True
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52.1    Assessment and Diagnosis

The most likely etiology for the patient’s infertil-
ity is related to his cancer treatment. Cytotoxic 
cancer therapies can negatively affect sperm 
production. Sperm cells divide quickly and are, 
therefore, susceptible to chemotherapy-induced 
damage. Permanent infertility can result if sper-
matogonial stem cells are damaged to the point 
that they can no longer produce maturing sperm 
cells. The risk of chemotherapy causing infertility 
varies depending upon the patient’s age, the type 
of drug used, and the doses of the drug given. 
Sperm banking is a reliable strategy to preserve 
fertility in male patients who receive gonadotoxic 
chemotherapy [1]. Chemotherapy drugs and the 
risk of infertility in men are listed in . Table 52.1. 
Higher doses of these drugs are more likely to 
cause permanent fertility changes. Combinations 
of drugs can lead to greater toxicity. The risks of 
permanent infertility are even higher when males 
are treated with both chemotherapy and radiation 
therapy to the abdomen or pelvis. In addition, 
radiation directed at the central nervous system 
can affect the hypothalamus and pituitary gland 
leading to a decrease in LH or FSH.  Reduction 

       . Table 52.1 Chemotherapeutic agents and risk 
of infertility

Highest risk of infertility Lower risk of infertility

Actinomycin D 5-fluorouracil

Busulfan 6-Mercaptopurine

Carboplatin Bleomycin

Carmustine Dacarbazine

Chlorambucil Daunorubicin

Cisplatin Doxorubicin

Cyclophosphamide Epirubicin

Cytarabine Etoposide

Ifosfamide Fludarabine

Lomustine Methotrexate

Melphalan Mitoxantrone

Nitrogen mustard Thioguanine

Procarbazine Thiotepa

Vinblastine

Vincristine

 Case Presentation

A 33-year-old male with a history 
of Hodgkin lymphoma at age 14 
presents with his wife to discuss 
fertility. He and his wife have 
been attempting pregnancy for 
the last 1 year, without success. 
His wife has recently undergone 
fertility testing and results thus 
far have been normal. She has 
regular menses, is not on birth 
control pills, and has achieved no 
prior pregnancies. The patient 
does not remember having a 
discussion about his fertility at 
the time of his lymphoma diagno-
sis. He had achieved puberty at 
the time of cancer treatment but 
did not cryopreserve sperm. The 

patient does have a history of 
chemotherapy, radiation therapy, 
and stem cell transplant. He does 
not report any recent fevers or 
history of urological trauma, 
including testicular torsion. He 
does not report a history of 
prostatitis, epididymitis, nor 
orchitis. He denies a history of 
post- pubertal mumps. There is no 
known family history of fertility 
problems. He is not taking any 
current medications. He is able to 
find his lymphoma treatment 
history and reports that he was 
treated with Cytoxan, Adriamycin, 
vincristine, IV methotrexate, 
intrathecal methotrexate and 

ARA-C, ifosfamide, VP-16, 
L-asparaginase, and cisplatin. He 
received 2500 cGy of mini-mantle 
radiation. He received his bone 
marrow transplant 2 years after 
the initial diagnosis and was 
treated with ARA-C, VP-16, 
cisplatin, thiotepa, and Cytoxan. 
On exam, his penile exam is 
normal, with no evidence of 
plaques or induration. His urethral 
meatus is normal. His testes are 
descended bilaterally with no 
evidence of abnormal masses or 
tenderness. Both testes are 10 cc 
in volume. Epididymis, vas 
deferens, and cord structures are 
normal bilaterally.

 A. Didwania
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in these hormone levels can lead to a decrease in 
sperm production and infertility.

Hormonal therapy can also affect sperm pro-
duction. These medications can also cause sexual 
side effects, such as a lower sex drive and erectile 
dysfunction. The decrease in sperm production 
and sexual side effects usually start to improve 
once patients have completed therapy.

Our patient underwent hormonal testing and 
semen analysis. His hormone testing included an 
analysis of prolactin, LH, FSH, estradiol, and tes-
tosterone. His hormonal levels are normal, except 
for low testosterone and elevated FSH. Results of 
his two semen analyses show azoospermia with 
normal volume.

Volume (ml)

Value Low High Units

3.2 1.0 5.0 ml

2.9 1.0 5.0 ml

Sperm concentration (M/ml)

Value Low High Units

0.0 20 200 M/m

0.0 20 200 M/m

% Motility (%)

Value Low High Units

0.0 50 100 %

0.0 50 100 %

% Normal morphology (%)

Value Low High Units

0.0 14 100 %

0.0 14 100 %

Based on this analysis, the patient was diag-
nosed with nonobstructive azoospermia second-
ary to the chemotherapy he received as part of his 
Hodgkin’s lymphoma therapy.

52.2    Management

To address his infertility, he was offered clomi-
phene citrate therapy in preparation for testicular 
sperm extraction (TESE).

TESE and intracytoplasmic sperm injec-
tion (ICSI) were first introduced in 1993 for the 
treatment of obstructive azoospermia [2]. This 
technique was subsequently used for azoosper-
mia secondary to nonobstructive etiologies [3]. 
Quantitative histological studies in patients under-
going TESE confirmed that there was a threshold 
amount of spermatogenesis that must be exceeded 
in order for spermatozoa to be released into the 
ejaculate [4]. Micro-TESE provides the advantage 
of allowing a surgeon to selectively identify the 
seminiferous tubules most likely to contain sper-
matozoa based on the larger and more opaque 
appearance of these tubules. With micro-TESE, 
successful sperm retrieval has been reported in up 
to 63% of men [5], whereas conventional and more 
limited sperm retrieval procedures have reported 
success rates from 20% (percutaneous testicular 
biopsies) [6] to 45% (open testis biopsies) [7].

Clomiphene citrate is a well-established agent 
that has been reported in numerous studies to 
improve semen quality and increase pregnancy 
rates among the partners of men to whom it is 
administered. Clomiphene citrate increases pitu-
itary secretion by blocking the feedback inhibition 
of estradiol, thereby increasing serum FSH and LH 
levels. The administration of clomiphene citrate 
may result in sperm in the ejaculate of patients 
with nonobstructive azoospermia or the simplifi-
cation of testis sperm retrieval [8]. Surgeons often 
consider a course of clomiphene citrate adminis-
tration prior to surgical sperm retrieval in patients 
with nonobstructive azoospermia.

52.3    Outcome

Our patient received chemotherapeutic agents at 
the time of puberty that resulted in azoospermia. 
He was not offered sperm banking at the time of 
his treatment. He, however, was able to success-
fully father two children after two cycles of micro- 
TESE and ICSI. Given his low testosterone levels, 
the patient was offered testosterone replacement 
therapy to manage symptoms of hypogonadism.

Management of Male Infertility Secondary to Chemotherapeutic Agents During…
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Clinical Pearls and Pitfalls
 5 Chemotherapy and directed radiation 

therapy can affect spermatogenesis 
temporarily and permanently.

 5 Sperm banking prior to receiving cancer 
therapies is an effective method to 
preserve fertility options but many 
patients are not offered this at the time 
of treatment.

 5 Newer techniques, such as micro-TESE 
with ICSI, have allowed men with 
nonobstructive azoospermia to have 
biological children even after cancer 
therapy.

 Review Questions and Answers

 v Q1.  Why do some chemotherapy agents 
lead to male infertility and what factors 
increase the likelihood of this outcome?

 v A1.  Sperm cells divide quickly and are, there-
fore, susceptible to damage induced by 
chemotherapy. Permanent infertility can 
result if spermatogonial stem cells are 
damaged to the point that they can no 
longer produce maturing sperm cells. 
The risk of chemotherapy causing infer-
tility varies depending upon the patient’s 
age, the type of drug used, and the doses 
of the drug given.

 v Q2.  At the time of cancer treatment, what 
treatment factors can affect male fertility?

 v A2.  Chemotherapy agents have varying 
likelihoods of resulting in male infertility 
and are listed in . Table 52.1. Hormonal 
therapy can also affect sperm produc-
tion. These medications can also cause 
sexual side effects, such as a lower sex 
drive and problems with erections. The 
decrease in sperm production and sex-
ual side effects usually start to improve 
once patients have completed therapy. 
Radiation aimed directly at the testicles 
or at the pelvic region can affect male 

fertility by destroying spermatogenic 
stem cells. Radiation directed at the cen-
tral nervous system can affect the hypo-
thalamus and pituitary gland, leading to 
a decrease in LH or FSH.

 ? Q3.  What is the advantage of micro-TESE 
over other sperm retrieval methods in 
patients with nonobstructive azoosper-
mia?

 v A3.  Micro-TESE provides the advantage of 
allowing a surgeon to selectively iden-
tify seminiferous tubules most likely to 
contain spermatozoa based on the larger 
and more opaque appearance of those 
tubules. With micro-TESE, successful 
sperm retrieval has been reported in up 
to 63% of men, whereas conventional and 
more limited sperm retrieval procedures 
have reported success rates from 20% 
(percutaneous testicular biopsies) to 45% 
(open testis biopsies).
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53.1    Assessment and Consultation

Puberty describes the transition from childhood 
to adulthood during which time adolescents 
become sexually mature and are capable of repro-
duction [1]. In males, this results in a number 
of physical changes which include the penis and 
testis getting bigger; hair developing on the face, 
armpits and pubic areas; the voice becoming 
deeper; muscles growing and becoming strong; 
and an increase in height velocity. These changes 
are coordinated by a complex neuroendocrine 
mechanism influenced by both genetic and envi-
ronmental factors [2]. The Tanner scale or stage is 
a method of defining the stage of physical devel-
opments to document the timing and progression 
of pubertal development. In males, it assesses the 
development of penis and testicular volume and 
pubic hair development [3]. The testicular volume 
is measured using an orchidometer.

The onset of spermatogenesis is an early 
pubertal event with a wide variation in the onset 
and timing with the development of secondary 
sexual characteristics [4]. The median age of sper-
matogenesis is 13.4 years (range, 11.7–15.3 years) 
with a median testicular volume of 11.5 ml (range 
4.7–19.6  ml) and a public hair distribution of 
Tanner 1–5 (median, 2.5 on a Tanner scale) 
[4]. Sperm cryopreservation is very successful 
in 12–18-year-olds with 88.4% of patients hav-
ing spermatozoa in their ejaculate and of these 
93.4% having motile spermatozoa which are a 
good enough quality for cryopreservation [5]. 

Age should not be a limiting factor for referring 
patients for fertility preservation consultation 
with fertility experts who can provide expertise 
in fertility risk and fertility preservation (FP) 
options as well as assessing a patient’s suitability. 
Patients who are a Tanner 3 or above [6] or who 
have a testicular volume of greater than 5 ml [5] 
are ideal candidates, and hence accurate assess-
ment of younger patients is important.

Despite 20 national and international fertil-
ity preservation guidelines recommending that 
fertility risk and options should be discussed 
with cancer patients, the rates of referral and 
consultations are still lower than expected. The 
reproductive needs of younger male patients are 
similar to older patients; however, there are a 
number of additional things to consider in the 
consultation and management of younger chil-
dren and adolescent young adult (AYA) male 
patients:
 1. Consultation differences: AYA patients are 

eager to receive verbal and written informa-
tion about their fertility risk and options [7, 
8], but both young patients and their parents 
feel that these discussions should be age 
appropriate and have support provided [8]. 
Consultations should also provide informa-
tion in an honest and respectful manner. 
Younger adolescent male patients often 
find the fertility consultation embarrassing, 
but patients feel less stressed when staff are 
informal, friendly, not embarrassed, and 
speak clearly and directly to them [9]. Having 

 Case Presentation

A 12-year-old boy was diagnosed 
with relapsed acute lymphoblas-
tic leukaemia 4 years after the 
completion of standard risk leu-
kaemia treatment. Diagnostic and 
staging assessments confirmed 
that he had a combined bone 
marrow, central nervous system 
and left-sided testicular relapse.

He did not have fertility pres-
ervation at the commencement 
of his initial diagnosis due to his 
age and the low-fertility risk of 
his previous treatment, but the 
proposed curative treatment has 
a high gonadotoxic risk due to the 

dose of alkylating agents in the 
chemotherapy for bone marrow 
transplant conditioning and total 
body irradiation (TBI). As he had 
testicular disease, he also requires 
either testicular radiotherapy or 
consideration of an orchidectomy. 
if he does not respond to the 
proposed treatment, he could be 
offered other new novel agents 
or immune therapy as part of the 
clinical trial, and many of these 
treatments have an unknown 
fertility potential.

The paediatric oncologist 
asked specific reproductive 

questions and assessed his Tan-
ner stage. He had sparse faintly 
pigmented pubic hair and a 
testicular volume of 8 ml. He has 
erections and ‘wet dreams’ but 
had not masturbated before. 
He became very embarrassed 
having this conversation, and 
his parents felt that it was not 
relevant to ask their son these 
questions.

The oncologist was unsure 
whether it was appropriate to 
refer this patient for sperm bank-
ing, and he seeks further advise 
from a fertility colleague.
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longer consultations which are not rushed 
and healthcare professionals (HCPs) with 
expertise and training [10] has been shown to 
improve the uptake for fertility services and 
is reported more favourably by patients and 
parents.

 2. Availability of resources: Access to age-
appropriate FP resources improves patient 
satisfaction [11]; however, FP educational 
 materials are not consistently provided to 
patients [12].Although more resources are 
available about sperm banking, the qual-
ity of these resources is very variable, and 
the readability is often assessed as difficult 
or complex [13] for younger patients or 
patients with low health literacy. Paediatric 
decision aids have been shown to be impor-
tant for younger patients, but parents and 
healthcare providers still have concerns 
about the content and readability [14] in 
younger patients.

 3. Health literacy of patient: The reproductive 
health knowledge and understanding of 
patients is an important factor required for 
discussion and understanding about fertil-
ity preservation as well as comfort levels 
of patients. However, the health literacy 
of AYA will vary depending on access to 
sexual health education at home and school 
and family as well as cultural and religious 
values. The health literacy will also change 
dependent on the age and maturity of 
patients. It is very important that before 
HCPs start having a conversation about 
fertility preservation they determine patient’s 
reproductive health literacy and adapt the 
consultations depending on the level of 
understanding a patient has.

 4. Parental role in sperm banking: Parents have a 
very important role in fertility consultations. 
Many AYA rely on their parents to provide 
support during the consultations, to sum-
marize the discussions and to take part in 
decision-making [15]. Parents are also gener-
ally involved in organisation of appointments 
and in some countries for the payment, and 
so AYA are dependent on them during this 
process [15]. Both mother and father recom-
mendations and coordination have been 
showed to be statically significant with AYA 
men attempting to sperm bank. Patients who 
discuss the risks and benefits of sperm bank-

ing with their parents are also more likely to 
attempt sperm banking [15].

 5. Healthcare professional’s role in oncofertility 
consultations: HCPs also play an important 
role in discussions about fertility risk and 
fertility options, education of patients and 
supporting patients and parents through the 
process [16]. Paediatric oncologists receive 
little training about oncofertility care [17, 18], 
and this has an impact on the implementa-
tion of FP guidelines and the referral of 
patients to fertility services. HCPs commu-
nication has been shown to influence sperm 
banking, and when adolescent patients are 
referred to specialised fertility providers, they 
are five times more likely to bank sperm [5, 
16]. However, HCPs take on different roles, 
and despite the expertise of nurses and allied 
health professionals, fertility conversations 
are still carried out more commonly by clini-
cians [5, 18, 19]. Many HCPs report a lack of 
training and comfort level [20] with repro-
ductive consultations, and additional training 
is required to ensure the multidisciplinary 
team members in cancer and fertility centres 
have a good understanding about the repro-
ductive needs of cancer patients and how 
to adapt oncofertility services for younger 
patients.

 6. Psychosocial impact of cancer: The threat of 
temporary or permanent infertility has been 
shown to be associated with psychological dis-
tress, such as depression and anxiety, in both 
males and female cancer patients [21, 22]. For 
younger male patients, the consultation can 
be very embarrassing and cause additional 
distress or result in patients declining fertility 
consultations or not being fully invested in 
the consultations which may lead to regret at 
a later time. With age-appropriate support, 
patients experience less distress and decision 
regret [23] and feel more positive about the 
future. It is very important to have counsel-
lors, social workers and psychologists who 
have expertise in the reproductive concerns 
of cancer treatment and who can provide 
psychological and practical support [22, 24, 
25]. Psychological support is also required for 
parents who often experience psychological 
distress based on actual or potential infertil-
ity of their child or the distress of the fertility 
preservation process or later follow-up and 
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disclosure. Psychological support is associated 
with improved patient satisfaction, improve-
ments in decision- making and improvements 
in patient quality of life.

 7. Who should be present at consultations? 
Oncofertility consultations occur very early in 
the relationship between HCPs, patients and 
family members. It is unlikely that HCPs know 
enough about a family to understand indi-
vidual family’s relationships, religious and cul-
tural narratives which influence consultations. 
Studies have shown that an equal amount of 
adolescents want parents to be present [26]
or to have the consultations without par-
ent’s presence. Clinicians treating adolescent 
patients often want to provide care to adoles-
cents without the parents present [27, 28]. This 
can lead to conflict with some parents who feel 
they should be present to provide support and 
guidance and ensure that they approve of the 
choices that are given and made. HCPs have to 
ensure that they give patients the choice about 
who is present at the start of the consultations 
and to ensure that patients can make choices 
without upsetting family members. It would 
be beneficial to give parents information about 
why patients may want consultations on their 
own or with a specific support person.

 8. Assent and consent: The consent process for 
fertility preservation can be confronting, 
depending on national and local regulations 
and ethical guidelines. The risks and benefits 
of sperm banking will be discussed, leading 
to discussion of the use or disposal of semen 
in the event of a patient’s death. This can 
obviously be very distressing for patients who 
are about to start initial or relapse treatment. 
For minors less than 18 years of age, it is stan-
dard practice to ensure that they are included 
in these consultations and understand and 
agree to the fertility procedures occurring 
and then assent. Parents will be required to 
sign the consent form after the assent has 
been signed, and although it is uncommon, 
it is possible to have situations when patients 
and parents have differences of opinions 
about fertility choices. Ethical situations are 
considered in a separate chapter.

 9. Legal parameters to consider: It is a standard 
practice for clinics to provide pornographic 
material to assist with adult males producing 
semen in a very clinical environment. Although 

the practice may also be useful for underage 
children, there are a number of ethical, legal 
and parental issues in this practice which vary 
depending on the country, and clearer recom-
mendations are required [29]. Clinics may 
invite patients to bring their own material.

53.2    Management

It is important that all cancer patients get an 
opportunity to discuss the reproductive risk of 
cancer treatment and possible fertility options 
even when fertility preservation is not possible 
or unlikely. This consultation provides additional 
patient satisfaction even when patients do not 
have fertility preservation as they have access to 
reproductive expertise support and follow up.

Despite consultation and assessment, younger 
male peri-pubertal patients may not be able to 
produce a sample collected by masturbation, and 
so other alternate methods can be considered 
such as testicular sperm extraction [30] (TESE) or 
electroejaculation [31].

Support during the fertility consultation and 
sperm banking is important, particularly for young 
male patients who may be very embarrassed about 
this process. It is very important for them to under-
stand that their wishes will be respected, informa-
tion is confidential and that they will be given the 
time and privacy to collect a sample. Sometimes, 
in our attempts to support patients, HCPs can 
make them more anxious by trying to organise a 
collection on a ward with limited privacy, having 
staff accompanying patients to the andrology clinic 
(patients may worry about the conversations they 
may have or if they will wait outside the room) or 
making jokes with the intention of reducing the 
tension but they can inadvertently make patients 
more anxious.

53.3    Outcome

After discussions between the oncologist and 
fertility provider, the patient and his parents 
agreed to be referred to a fertility specialist, and 
he attended this appointment with his father. The 
patient demonstrated Tanner stage III develop-
ment, so semen cryopreservation was thought 
to be possible although other options of fertility 
preservation were also discussed.
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After time to consider the consultation and 
age-appropriate resources, the patient and his 
father had a further consultation to ask further 
questions, complete the assent and consent forms 
and have blood taken for serology. On the day of 
the collection, the patient was overcome by anxi-
ety and initially put off the collection; however 
after discussion with the AYA nurse practitioner 
and counsellor, he agreed to come to the fertil-
ity centre with his older brother. The patient was 
reminded that the specimen container did not 
need to be filled and was reassured that he would 
be left on his own with no interruptions from his 
brother or staff members.

A sample was successfully banked and the 
andrologist was able to confirm viable sperm 
motility and forms. The patient was given two 
other appointments so that further samples could 
be collected and stored.

Clinical Pearls and Pitfalls
 5 Semen cryopreservation should be 

offered to all pubertal boys diagnosed 
with cancer.

 5 The onset of spermatogenesis is an 
early pubertal event with a wide 
variation in the age of onset and 
development of secondary sexual 
characteristics, and so male patients in 
early puberty with a testicular volume 
greater than 5 ml should be given an 
opportunity to undertake semen 
cryopreservation.

 5 Parents have a vital part to play in 
organisation of consultation, support 
and shared decision- making which 
increases the changes of AYA attempting 
to sperm bank.

 5 Clinicians with clear age-appropriate 
communication provide additional 
support to patients and improve the 
chance of cancer patients undertaking 
fertility preservation and patient 
satisfaction.

 5 Younger cancer patients require age- 
appropriate consultations and support 
which involves staff having expertise in 
communicating with younger patients, 
access to age-appropriate resources and 
support.

 Review Questions and Answers

 ? Q1.  How do you assess the suitability of 
younger boys and adolescents to 
undertake sperm cryopreservation?

 v A1.  Patients who are a Tanner 3 or above [6] 
or who have a testicular volume of 
greater than 5 ml [5] are ideal 
candidates for sperm cryopreservation.

 ? Q2.  What are the components of 
age-appropriate care that need to be 
considered when providing fertility 
preservation consultations to children 
and adolescents?

 v A2.  Younger cancer patients require 
age-appropriate consultations and 
support which involves staff having 
expertise in communicating with younger 
patients, access to age-appropriate 
resources and support. Parents have a vital 
part to play in organisation of 
consultation, support and shared 
decision-making which increases the 
changes of AYA attempting to sperm bank.
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54.1    Assessment and Diagnosis

A 17-year-old boy with relapsed T-cell acute 
lymphoblastic leukemia is preparing to start re-
induction chemotherapy with the goal of under-
going an allogeneic bone marrow transplantation 
and is considering options for fertility preserva-
tion. The patient initially presented at age 13 
with abdominal pain, fatigue, and fever. Initial 
labs were notable for a white blood cell count of 
478 K/mcL with 82% blasts, a hemoglobin of 6 g/
dL, and platelets of 23,000. He was also found on 
exam to have splenomegaly and an enlarged, firm 
right testicle (. Fig. 54.1). A chest x-ray showed a 
large mediastinal mass with a small right pleural 
effusion. Flow cytometry on his peripheral blood 
revealed T-cell lymphoblastic leukemia.

54.2    Management

Soon after presentation, the patient developed an 
oxygen requirement and became clinically unsta-
ble. A lumbar puncture was performed, steroids 
were started, and systemic chemotherapy was ini-
tiated urgently.

The patient went into remission, with negative 
minimal residual disease (MRD) testing, at the end 
of the consolidation therapy (after 3 months of che-
motherapy). His testicular disease resolved by the 
end of the 1st month of treatment. He was doing well 
with chemotherapy and completed his maintenance 
chemotherapy as scheduled. However, 2  months 
after the end of chemotherapy, he presented with 
pancytopenia and a new left testicular mass. 

Work-up revealed a bone marrow and testicular 
relapse. Plans were made to begin re-induction che-
motherapy. Due to the high risk nature of relapsed 
T-cell disease, HLA typing was sent with the plan for 
a bone marrow transplant in second remission.

An andrologist met with the patient to discuss 
fertility preservation options. Semen analysis 
showed an ejaculate volume of 1.8 mL, azoosper-
mia with a positive fructose test, and 3.2 million 
round cells per mL.  Because these findings pre-
cluded sperm banking as a fertility preservation 
option, the patient was enrolled in a testicular tis-
sue cryopreservation study. During anesthesia 
administered for line placement, the patient under-
went a scrotal incision, and a wedge biopsy of the 
left testis was performed. A portion of the biopsy 
was sent for permanent sections and flow cytome-
try analysis. No leukemic cells were seen in the 
biopsy samples. Most of the remainder of the biopsy 
was sent for cryopreservation for patient use, and a 
small portion was used for research purposes.

54.3    Outcome

The patient achieved a second MRD negative 
remission following his first month of re- induction 
chemotherapy. He underwent a matched unrelated 
donor allogeneic transplantation with a Cytoxan 
and total body irradiation preparatory regimen. 
He experienced mild acute skin and gastrointes-
tinal graft vs host disease that was medically man-
aged. The patient is now disease- free 2 years after 
his bone marrow transplant. His testicular tissue 
remains in cryostorage.

       . Fig. 54.1 Scrotal 
ultrasound demonstrated 
an enlarged right testicle 
with no distinct intraparen-
chymal masses
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Semen analysis was repeated and revealed an 
ejaculate volume of 2 mL, 12 million sperm/mL, 
30% motility, and 4% normal morphology.

Clinical Pearls and Pitfalls
 5 Pre-therapy sperm banking remains first 

choice therapy. Pre-treatment sperm 
should not be discarded until patient is 
done with his family. Men should NOT 
discard if/when sperm return to the 
ejaculate if they are not done with their 
family. Many men require IVF even if they 
have motile sperm in ejaculate post-
treatment (could be because of low count, 
could be because of an unrelated female 
factor infertility, etc.) and sometimes the 
pre-treatment sperm is better quality than 
the post-treatment sperm and may 
improve their chance of IVF success.

 5 Patients should have their frozen speci-
men QC (quality control) reviewed by a 
male fertility specialist; often the viability 
post-thaw are poor and additional vials 
need to be frozen to account for loss. 
Freezing any specimen is NOT always 
adequate; viability and quality of what is 
frozen have to be ensured.

 5 Testicular tissue cryopreservation is still 
investigational, whereas testicular sperm 
cryopreservation is not investigational 
and can be necessary pre-treatment in 
men who cannot ejaculate or have 
obstructed azoospermia.

 5 There is no standard recommended 
minimum number of vials that need to be 
frozen. Patients and providers should plan to 
maximize the number of vials cryopreserved 
to maximize the chance of future pregnancy.

 5 Patients should be prepared to quickly 
transition to surgical sperm retrieval 
(electroejaculation or testicular aspiration) 
if there is any concern with producing an 
ejaculate or question of obstruction.

 5 Post-therapy sperm analysis is warranted 
and should be recommended when the 
patient is planning a family (e.g., not 
done for curiosity sake before patient is 
ready to start trying to get pregnant).

 5 If the post-treatment semen analysis is 
abnormal, he should be sent immedi-
ately to infertility specialist and his 

female partner sent to reproductive 
endocrinologist as her egg reserve/
fertility status will largely dictate their 
treatment options.

 5 Azoospermia immediately after chemo 
does not negate the possibility of 
testicular tissue cryopreservation. 
Moreover, even men who are still 
azoospermic after treatment have the 
option of microTESE.

 Review Questions and Answers

 ? Q1.  Which of the following is most closely 
associated with increased likelihood to 
attempt sperm banking?
(a) Consultation with a fertility specialist
(b) Parent recommendation to bank
(c) Higher Tanner stage
(d) Adolescent history of masturbation
(e)  Medical team recommendation to 

bank

 v A1. (a)

 ? Q2.  Which of the following is true regarding 
sperm banking via masturbation?
(a)  The majority of pubertal males are 

unable to produce semen prior to 
cancer treatment

(b)  Males must be Tanner V to produce 
semen via masturbation

(c)  Patients with leukemia are unable  
to produce semen prior to 
chemotherapy

(d)  All males Tanner III and above 
should be offered sperm banking 
prior to initiation of chemotherapy

(e)  All males Tanner III or above should 
be offered sperm banking once the 
cancer has been put into remission

 v A2. (d)
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55.1   Introduction

Hematopoietic stem cell transplant (HSCT) is used 
for treatment of both oncologic and non- oncologic 
conditions (e.g., thalassemia, sickle cell disease). 
Infertility is a known late effect of HSCT. 
Prepubertal status does not protect male patients 
from gonadotoxicity of either the chemotherapy 
agents used in HSCT conditioning regimens or 
from the effects of total body irradiation [1]. 
Spermatogenesis (development of mature sperm) 
does not begin until puberty. Therefore, the only 
fertility preservation option available to a prepu-
bertal male is testicular tissue cryopreservation 
(TTC), an experimental option currently offered at 
limited number of pediatric institutions. TTC is 
investigational and thus should occur as part of an 
institutional review board- approved research pro-
tocol. Although TTC is experimental, a recent 
study indicates that most parents and patients will 
pursue TTC when faced with a diagnosis requiring 
gonadotoxic therapy such as HSCT [2].

There are many challenges related to offering 
TTC.  Given the limited number of institutions 
offering TTC, access to the procedure may be lim-
ited due to distance, insurance coverage issues, 
challenges coordinating care between multiple 
institutions, and lack of awareness of pediatric 

institutions offering TTC.  For families who are 
being treated for an oncologic diagnosis at a cen-
ter that does not offer TTC, the burden of 
decision- making about TTC, while also establish-
ing care with a new medical team and then return-
ing to their primary institution, may be 
overwhelming. Additionally, decision-making 
about TTC occurs at a time when families are vul-
nerable and fearful about their child’s future. If 
patient has a hereditary condition, genetic coun-
seling prior to TTC to assess understanding of 
inheritance is imperative and continues as the 
patient matures.

Culture, religion, language, and health literacy 
all intersect when counseling families about pre-
pubertal TTC prior to HSCT.  Guiding families 
through the decision-making process requires 
dialogue between the referring medical team and 
the fertility preservation team to appropriately 
assess risk of infertility. The goals of counseling 
about TTC are to provide streamlined care with 
an awareness of the many factors which impact a 
family’s decision-making and to have families feel 
a sense of control about their final decision about 
whether or not to pursue TTC [2]. The two cases 
below highlight important considerations and les-
sons learned from counseling families about pos-
sible TTC prior to HSCT.

 Case 1: Fertility Preservation Chosen

 Case Description
Patient 1 is an 11-year-old male 
from Mexico who was referred 
from an outside institution for 
consultation about possible TTC 
prior to HSCT. He was diagnosed 
with standard risk pre-B acute 
lymphoblastic leukemia at 
5 years old and completed 
treatment at 8 years old. 
Gonadotoxic chemotherapy at 
that time included cyclophos-
phamide (1000 mg/m2). No radia-
tion therapy was administered. 
At 11 years old, he was 
diagnosed with acute myeloblas-
tic leukemia and scheduled to 
undergo HSCT and total body 
irradiation.

This case presented several 
challenges for the family and 

healthcare providers. It is not 
clear how development of a 
second malignancy affects 
parents’ decision-making ability 
regarding possible TTC, 
compared with considering TTC 
in the setting of a primary 
oncologic diagnosis. HSCT was 
planned for a tertiary hospital 
not affiliated with the referring 
institution or the hospital 
offering TTC, requiring 
coordination of care between 
three institutions that were 
located several hours away 
from each other. The impact on 
the family when traveling hours 
for care must be considered, as 
they juggle time away from 
work, childcare issues, and 
costs with medical care.

 Counseling Process
The patient’s primary oncologist 
contacted the Fertility Preserva-
tion Advanced Practice 
Registered Nurse (FP-APRN) at 
our institution to determine 
patient eligibility for TTC. Once 
eligibility was confirmed, the 
primary oncologist asked the 
family to contact the FP-APRN to 
schedule a consultation. The 
family’s primary language is 
Spanish; thus, all counseling was 
performed with the aid of an 
interpreter. A phone consult 
with the FP-APRN was com-
pleted, and the parents 
preliminarily decided to pursue 
TTC based on that conversation. 
Prior to the day of surgery, the 
parents and patient met with 
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       . Fig. 55.1 Open biopsy for testicular tissue 
cryopreservation. (Image courtesy of Duong Tu, MD)

the FP-APRN and pediatric urolo-
gist who was to perform the 
procedure. The parents were 
engaged in the consult process 
but struggled with burden of 
making this decision about 
undergoing an elective 
procedure for experimental TTC 
on behalf of their son. During 
the consult, the patient’s father 
paused the discussion between 
the healthcare providers and the 
family. He then asked the 
patient if he trusted his parents 
to make this decision for him. 
The child responded “yes,” and 
the parents felt comfortable 
proceeding and  consented to 

the procedure. TTC was 
performed the following day.

 Procedure and Outcome
An open testicular wedge biopsy 
was performed as an outpatient 
procedure under general 
anesthesia. A transverse incision 
was made over the left hemiscro-
tum, the testis was delivered. The 
tunica vaginalis over the testis 
was opened and the testicle 
exposed. A wedge of testicular 
parenchyma was sharply excised 
(. Fig. 55.1). Tunica albuginea 
was closed using absorbable 
suture, and the scrotum closed in 
multiple layers. There were no 

intraoperative or postoperative 
complications. A portion of the 
wedge was sent to pathology and 
a portion sent for experimental 
TTC. Testicular pathology revealed 
peripubertal testicular paren-
chyma with no significant 
histopathological changes. 
Microscopic section from the 
testicle revealed peripubertal 
testicular parenchyma, with no 
evidence of malignancy. Testicular 
parenchyma was composed of 
seminiferous cords as well as 
tubules with lumen development, 
containing spermatogonia, but 
without evidence of progressive 
spermatogenesis (. Fig. 55.2).

       . Fig. 55.2 Hematoxylin 
and eosin-stained testicular 
histopathologic specimen, 
400× – peripubertal 
testicular parenchyma, no 
progressive spermatogen-
esis
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 Case 2: Fertility Preservation Not Chosen

 Case Description
Patient 2 is 20-month-old male 
from Mali with a history of sickle 
cell disease who was referred to 
FP team from an outside hospital 
for consideration of TTC prior to 
HSCT. The parents were 
considering HSCT to minimize 
complications of sickle cell 
disease and improve life 
expectancy. In meetings with the 
stem cell team at the referring 
hospital, the parents identified 
the risk of infertility as their 
biggest concern about proceed-
ing with HSCT. This patient had 
two factors which may adversely 
impact his fertility. The condition-
ing regimen prior to HSCT was 
planned to include melphalan, 
which is a known gonadotoxic 
agent. Additionally, men with 
sickle cell disease are at risk for 
infertility due to hypogonadism, 
sperm abnormalities, and erectile 
dysfunction [3].

 Counseling Process
The transplant team from the 
referring hospital counseled the 
parents on several occasions 
about the risk of infertility 
associated with HSCT. A phone 
consult was performed by the 
FP-APRN and the father. The 
parents initially declined to meet 
with the FP team due to the 
distance from the hospital. Upon 
the further requests of their 
transplant team, the family 
reconsidered and proceeded to 
travel to our institution, planning 
for their son to undergo TTC.

The FP-APRN and pediatric 
urologist met with the parents 
to discuss TTC as an experimen-
tal FP method for patients 
undergoing HSCT. Mother 
spoke French and Father spoke 
English and French. Institutional 
policy to proceed with TTC 
requires both mother’s and 
father’s consent, so a French 
medical interpreter was utilized 

for the consultation. Parents 
stated they understood sickle 
cell disease is a hereditary 
condition and TTC would not 
alter the risk of inheritance. For 
TTC to be performed, a wedge 
resection is completed (as 
described in 7 Case 1), but the 
consent states an orchiectomy 
may be performed if medically 
necessary. The father struggled 
with any possibility of 
orchiectomy and wanted 
assurances that an orchiectomy 
would not be performed. The 
parents and surgeon discussed 
the rare scenarios in which an 
orchiectomy would be 
indicated (i.e., unexpected 
intraoperative damage to the 
testis, volume of tissue needed 
for TTC too great for wedge 
resection to be possible). 
Ultimately, the parents declined 
TTC because the potential for 
orchiectomy, however unlikely, 
was unacceptable.

55.2   Challenges in Counseling 
Families About TTC

TTC is an experimental procedure with no guar-
antee of success. For prepubertal patients, it is the 
only FP option available. Research shows that 
majority of parents see benefit to TTC, even 
though it is unknown whether the tissue will be 
able to be used for reproduction in the future [2]. 
Counseling requires healthcare providers to dis-
cuss risks and benefits and allow families to make 
their decision. TTC is offered at few pediatric insti-
tutions and most families will need to leave their 
home institution to complete the procedure. Lim-
ited access to services requires families to develop 
a relationship with another medical team during a 
time of great stress. Cost of travel, loss of income, 
and impact on the family are not insignificant.

Access to fertility preservation, including 
TTC, is limited by numerous factors. Barriers 
identified by physicians include concerns about 

family’s ability to pay for services, urgency to 
starting treatment, and survival potential [4]. 
Pediatric oncologists, APRNs, and registered 
nurses state that lack of educational resources and 
knowledge of available FP services impacts their 
ability to educate families [5], making it challeng-
ing to offer TTC to all patients who might be eli-
gible. Institutions providing FP services have a 
responsibility to inform both healthcare provid-
ers and families of the services available.

The impact of gender, culture, and language 
on decision-making about TCC must also be con-
sidered when counseling families. Studies exam-
ining fertility preservation practice in adult 
patients suggest a patient’s race may influence 
counseling patients receive; in several studies, 
Caucasian patients were more likely to receive 
information on FP options than non-whites [6, 
7]. Healthcare providers have a responsibility to 
educate all patients on the risk of infertility and 
options for FP [8].

 E. K. Johnson et al.
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 Review Questions and Answers

 ?  Q1.  Which of the following statements is 
incorrect regarding prepubertal TTC 
for patients undergoing HSCT?

 (a) Families should be counseled 
regarding TTC in their native 
language.

 (b) TTC is experimental because it is 
unknown whether conditioning 
regimens for HSCT put patients at 
risk for infertility.

 (c) TTC generally requires an open 
testicular biopsy under general 
anesthesia.

 (d) TTC is currently only available at a 
few pediatric centers in the United 
States.

 (e) TTC is experimental because it is 
unknown whether the tissue will 
be able to be used in the future.

 v  A1. (b)

 ?  Q2.  True or False? Recent research 
indicates that Caucasian patients may 
be more likely to be provided fertility 
preservation counseling compared 
with non-white patients

 v  A2. True

 ?  Q3.  True or False? Patients undergoing 
HSCT for non-oncologic conditions are 
not eligible for TTC

 v  A3. False
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Clinical Pearls and Pitfalls
 5 Families of prepubertal boys undergoing 

HSCT will consider, and often pursue, 
experimental TTC.

 5 Information about TTC must be given to 
families in their native language, by a 
medical interpreter.

 5 Cultural differences and language 
barriers can make the counseling 
process more difficult but should not 
preclude counseling about TTC for other-
wise eligible patients.

 5 Families may struggle with parental proxy 
decision-making given that TTC requires 
an elective procedure with risks to the 
patient, and there is no guarantee the 
tissue will be able to be used in the future.

 5 Possibility of transmission of a genetic 
condition to offspring should be discussed 
in any consultation regarding possible TTC.

 5 For patients considering TTC at an 
institution remote to where they live, an 
initial phone consultation can be helpful, 
but is not a substitute for in-person 
communication.

 5 Other challenges related to prepubertal 
TTC include:

 5 Cost of the procedure and storage.
 5 Cost and time burden of travel.
 5 Coordination of care between teams 

providing HSCT and TTC.
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56.1  Assessment

Fertility is an important, though often overlooked, 
aspect of care for adolescent and young adult men 
with newly diagnosed malignancy. The majority 
of these men desire biological children in the 
future, yet a large proportion of these patients are 
not informed about the effect of treatment on 
their future fertility potential [1]. While most 
oncologists agree that fertility counseling and 
sperm banking should be offered to men with 
newly diagnosed malignancy, only half of physi-
cians actually initiate this discussion when caring 
for patients with a new cancer diagnosis [2]. The 
American Society of Clinical Oncology recom-
mends that providers caring for men of reproduc-
tive age with a newly diagnosed malignancy 
should discuss fertility at the earliest possible 
opportunity, prior to initiation of treatment [3].

Sperm cryopreservation obtained from a 
freshly ejaculated semen specimen is the most 
reliable and least invasive method of fertility pres-
ervation. Specimens can be conveniently collected 
at home or in the outpatient clinic without any 
morbidity to the patient. Physical examination 
alone is sufficient for patient evaluation prior to 
attempted ejaculation, as ancillary testing such as 
hormonal evaluation or imaging does not reliably 
predict sperm in the ejaculate [4].

Assessment of sexual development and pro-
gression of puberty is an essential component 
of patient evaluation prior to fertility preserva-
tion. Spermarche is an early pubertal event, 
occurring at a median age of 13.4  years, at 
which time adolescents may display a wide 
range of secondary sex characteristics [5]. 
Physical examination and Tanner stage may 
provide insight regarding spermatogenesis. A 
detailed sexual history with focus on prior noc-
turnal emission or experience with self-stimu-
lation and masturbation will further elucidate 
whether the patient is capable of producing a 
semen specimen for cryopreservation.

In patients who are incapable of producing a 
semen specimen or in whom psychosocial, ethical, 
or religious concerns are barriers to masturbation, 
additional procedures may be utilized to induce 
ejaculation for fertility preservation. Penile vibra-
tory stimulation (PVS) has been employed success-
fully in adolescent boys with hematologic 
malignancy and is an attractive option as it can be 
performed in the outpatient setting without general 
anesthesia [6]. Electroejaculation (EEJ) requires 
general anesthetic but has also achieved high rates 
of success in this patient population [7–9].

When azoospermia is present in an ejaculated 
specimen or a semen specimen cannot be obtained, 
surgical sperm retrieval can be employed. 

 Case Presentation

A 16-year-old male presented to 
a community hospital with 
2 weeks of decreased urinary 
flow, which ultimately pro-
gressed to urinary retention. An 
indwelling Foley catheter was 
placed, and initial evaluation 
revealed no laboratory 
abnormalities. Magnetic 
resonance imaging (MRI) of the 
abdomen and pelvis demon-
strated an enhancing mass 
within the anterior prostate 
measuring 4.2 × 5.2 × 4.6 cm. A 
right femoral head lesion was 
also noted. Percutaneous biopsy 
of the prostatic lesion confirmed 
a diagnosis of embryonal 
rhabdomyosarcoma, and further 
staging evaluation revealed 
Stage 4, high-risk disease. The 
patient was transferred to a 

tertiary-care pediatric hospital 
for treatment with the following 
chemotherapeutic regimen: 
vincristine, irinotecan, ifosfamide, 
etoposide, doxorubicin, 
cyclophosphamide, dactinomy-
cin, and human IgG1 monoclonal 
antibody. The total cyclophos-
phamide equivalent dose (CED) 
for the planned treatment 
regimen was 16,290 mg/m2.

Prior to initiation of therapy, 
the oncology team counseled 
the patient and his family 
regarding the potential impact of 
treatment upon his future 
fertility and options for fertility 
preservation. The patient and his 
family expressed a strong desire 
to pursue fertility preservation 
prior to initiation of gonadotoxic 
chemotherapy. Sperm banking 

with cryopreservation through 
masturbation was not feasible 
due to the presence of the 
indwelling Foley catheter, which 
the medical team determined 
could not be removed.

A reproductive urologist was 
consulted to discuss the 
feasibility of testicular sperm 
extraction (TESE). Upon physical 
examination, the urologist noted 
that the patient had well-devel-
oped secondary sex characteris-
tics consistent with Tanner stage 
4. Bilateral testes had a normal, 
slightly firm consistency, 
measured approximately 18 mL, 
and were without masses. Serum 
hormone levels (follicle 
stimulating hormone, luteinizing 
hormone, and testosterone) were 
all within normal limits.
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Microdissection testicular sperm extraction 
(microTESE) is a minimally invasive procedure 
that has been used for fertility preservation in both 
adults and adolescents [10]. Testicular tissue is 
harvested through a small scrotal incision with the 
assistance of an operating microscope, which 
enables identification of  seminiferous tubules 
most likely to contain viable sperm. While a 
 number of factors including preprocedural hor-
mone levels and type of malignancy may impact 
success, approximately 33% of adolescents who 
undergo microTESE will have successful sperm 
retrieval [10].

56.2  Management

The reproductive urology team discussed the 
risks and benefits of microTESE with the patient 
and his family. The procedure carries a low risk of 
complications including hematoma, wound infec-
tion, testicular fibrosis, and long-term decrease in 
serum testosterone [11]. The patient elected to 
proceed with sperm extraction, which was per-
formed concurrently with central venous port 
placement.

Chemotherapy was initiated 3 days following 
the TESE procedure. The patient experienced no 
complications, and his wound healed without 
issue. He subsequently received external beam 
radiation therapy totaling 50.4 Gy to the prostate 
gland and the right femoral head.

56.3  Outcomes

The patient had successful sperm retrieval with 
four vials of sperm cryopreserved. He tolerated 
his course of chemotherapy and radiation with 
minimal adverse effects and had a complete 
response. At 1-year follow up, he had no evidence 
of residual or recurrent disease. Semen analysis at 
1 and 2  years following chemotherapy revealed 
persistent azoospermia.

56.4  Summary

A 16-year-old adolescent male presented with 
urinary retention and was found to have prostatic 
rhabdomyosarcoma. The optimal treatment regi-
men entailed high-dose alkylating agents and 

radiotherapy posing risks to his future fertility. 
After consultation with a multi-disciplinary team 
including oncologists and a reproductive urolo-
gist, the patient opted to proceed with microTESE 
prior to initiation of chemotherapy. Sperm extrac-
tion was successful, and the patient proceeded 
immediately to treatment without delay.

Clinical Pearls and Pitfalls
 5 Consider fertility preservation in any 

male with a new cancer diagnosis, 
regardless of malignancy or patient age.

 5 A multi-disciplinary approach with 
inclusion of a reproductive urologist will 
optimize outcomes.

 5 Physical examination is paramount, 
specifically testicular size and secondary 
sex characteristics.

 5 In adolescents who cannot ejaculate or 
in whom ethical, religious, or psychoso-
cial barriers to ejaculation exist, PVS or 
EEJ may be utilized.

 5 microTESE should be offered to adoles-
cents with azoospermia who desire fertil-
ity preservation.

 5 Even if a patient starts on a “fertility-
friendly” chemotherapy protocol, sperm 
cryopreservation should be considered 
because treatment sometimes pro-
gresses to more spermatotoxic regimens.

 Review Questions and Answers

 ?  Q1.  What is the dose-dependent impact of 
chemotherapy and radiotherapy upon 
long-term fertility potential?

 v  A1.  Spermatogonia and spermatogonial 
stem cells are highly chemosensitive, 
rendering these cells vulnerable to a 
variety of chemotherapeutic agents [12]. 
The deleterious effect on 
spermatogenesis is most pronounced 
among the alkylating agents, where 
there is a dose-dependent risk of 
gonadotoxicity with increasing 
cumulative doses. The 
cyclophosphamide equivalent dose 
(CED) has emerged as the best predictor 

Adolescent Testicular Sperm Retrieval
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of long-term fertility in men who receive 
therapy with alkylating agents [13]. 
Normospermia is typically seen in 
patients with CED less than 4000 mg/m2, 
though approximately 10% of patients 
with this low-dose exposure will have 
either oligospermia or azoospermia. 
Radiation therapy also impairs 
spermatogenesis by inducing DNA 
damage or apoptosis in spermatogonia 
[14]. Spermatogenesis may be impaired 
with doses as low as 0.15 Gy. Reversible 
azoospermia can result from doses of 
0.35 Gy, and permanent azoospermia 
typically results from cumulative doses 
of >2.5 Gy. Semen parameters nadir 
approximately 4–6 months after therapy, 
and recovery of spermatogenesis, when 
present, may occur up to 18 months 
following treatment [15, 16].

 ?  Q2.  What are the outcomes of sperm 
retrieval if non-obstructive 
azoospermia persists after conclusion 
of therapy?

 v  A2.  MicroTESE is the preferred approach to 
non-obstructive azoospermia in this 
setting, as it typically yields higher 
success than conventional TESE [17]. In 
men with azoospermia secondary to 
alkylating agents, microTESE has a 37% 
success rate for sperm retrieval [18].

 ?  Q3.  What is the risk of birth defects in the 
offspring of men with a history of cancer?

 v  A3.  For men receiving chemotherapy or 
radiotherapy, there may be concern 
regarding transmission of germline 
mutations to future offspring. A large 
study of adult cancer survivors found 
no difference in the incidence of 
cytogenetic syndromes, single-gene 
disorders, and simple malformations 
between the offspring of cancer 
survivors and those of healthy controls 
(3.4% versus 3.1%) [19]. Nonetheless, 
patients are typically encouraged to 
defer family planning until 
approximately 1–2 years after 
completion of therapy in order to 

reduce the perceived risk of transient 
DNA damage or aneuploidy during 
the period immediately following 
therapy.

 ?  Q4.  What are the success rates with use of 
cryopreserved sperm for assisted 
reproductive technologies (ART) in 
patients with malignancy?

 v  A4.  For men who do not have return of 
sperm in the ejaculate after the 
completion of cancer therapy, 
cryopreserved sperm are typically 
used for efforts at conception with 
in vitro fertilization (IVF)/
intracytoplasmic sperm injection 
(ICSI). The IVF success rates for patients 
banking sperm prior to cancer therapy 
are quite good, with one study 
reporting fertilization rates up to 
71.4%, though these rates were lower 
among men with specific malignancies 
such as testis cancer or lymphoma 
[20]. An additional series reported a 
66% live birth rate when 
cryopreserved sperm were used for 
IVF and intracytoplasmic sperm 
injection (ICSI) [21].
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 Case Presentation

In 2013, a 34-year-old carrier of a BRCA2 mutation 
presented with a 4 mm suspicious retroareolar 
nodular lesion in the left breast, diagnosed in her 
annual combined magnetic resonance and 
mammography screening. Both the right breast 
and axillas were normal.

57.1  Assessment and Diagnosis

An “invasive carcinoma NOS, grade 2, estro-
gen receptor (ER) and progesterone receptor 
(PR) 100% positive, human epidermal growth 
factor receptor 2 (HER-2) SISH negative” was 
found in the ultrasound-guided biopsy, and the 
systemic staging work-up excluded metastatic 
disease.

Considering the hereditary risk, a left mastec-
tomy and contralateral prophylactic mastectomy 
was decided and so a nipple-areola-sparing mas-
tectomy with immediate breast reconstruction 
and a sentinel node biopsy was carried out. 
Pathologic analysis revealed a 20  mm grade 3 
invasive carcinoma, without lymphovascular 
invasion and clear surgical margins. The sentinel 
node was negative for carcinoma cells, and the 
final tumor staging was pT1cN0snM0 (stage IA, 
AJCC 2010). Besides, a 6 mm “ductal carcinoma 
in situ, intermediate grade, ER 100% positive” was 
found in the right breast.

57.2  Management

Since the tumor was poorly differentiated (grade 
3), adjuvant chemotherapy was decided. Despite 
having already two children, the patient desired a 
third child, so she was referred to a fertility spe-
cialist for discussion of fertility preservation 
options. After ovarian stimulation with gonado-
tropins and letrozol, eight oocytes were retrieved 
and vitrified. Due to a mastectomy skin flap necro-
sis, chemotherapy with four cycles of TC regimen 
(Docetaxel 75  mg/m2 and Cyclophosphamide 
600 mg/m2 Day 1 every 21 days) was delayed until 
6 weeks after surgery.

Endocrine therapy with tamoxifen and monthly 
goserelin was initiated at 6 months, after recovery 
from chemotherapy-induced amenorrhea.

57.3  Outcome

After completing 3 years of tamoxifen, although 
informed of the lack of evidence to support the 
safety of early interruption of endocrine therapy, 
the patient decided to try to get pregnant and con-
ceived spontaneously 5 months later giving birth 
in 2017 to a 39-week healthy baby. The patient 
reinitiated tamoxifen and is currently waiting for 
bilateral prophylactic salpingo-oophorectomy.

Clinical Pearls and Pitfalls
 5 This case highlights the need to discuss 

fertility preservation in young cancer 
patients, even if they already have children. 
This patient, despite already having two 
children, desired a third child before 
undergoing prophylactic surgery.

 5 After surgery for an estrogen-dependent 
breast cancer, the patient underwent 
ovarian stimulation for oocyte banking 
which did not impact the prognosis. She 
later decided to interrupt tamoxifen 
treatment in order to try to conceive 
spontaneously.

 Review Questions and Answers

 ?  Q1.  Why should fertility preservation 
options be discussed even in patients 
that already have children?

 v  A1.  All guidelines recommend that 
infertility risk after cancer treatment 
and fertility preservation options 
should be discussed with every cancer 
patient before starting gonadotoxic 
treatment. In fact, the healthcare 
provider should not assume that 
fertility is not an important issue for 
patients that already have children.

 ?  Q2.  What are the risks involved in ovarian 
stimulation in hormone receptor- 
positive breast cancer patients?

 v  A2.  Evidence is still limited, but several 
studies have shown that the 
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co-administration of aromatase 
inhibitors namely letrozol can keep 
estrogen levels similar to spontaneous 
pre-ovulatory levels in most women 
undergoing multiple follicular 
development for oocyte 
cryopreservation. So, after discussing 
this issue with the patient, the ovarian 
stimulation can be done with the 
association of letrozol.

 ?  Q3.  How can we select breast cancer 
patients that will become infertile 
because of ovarian gonadotoxicity of 
chemotherapy?

 v  A3.  Although several markers have been 
studied (age, AMH, AFC), none of them 
has proved to be reliable enough to 
discriminate the patients that will 

enter premature ovarian failure after 
chemotherapy. Moreover, even if there 
are chemotherapy regimens that seem 
to be less gonadotoxic, it is advisable 
to discuss with every patient the 
advantages and disadvantages of 
oocyte banking, taking into account 
her age and ovarian reserve.

 ?  Q4.  What are the risks of prematurely 
interrupting hormone treatment to 
allow pregnancy?

 v  A4.  The interruption of hormonal 
treatment must be discussed with the 
oncologist. If tamoxifen is interrupted, 
pregnancy should not be attempetd in 
3 months to avoid teratogenicity. 
Tamoxifen treatment can be reinitiated 
after pregnancy.

Spontaneous Conception in a Breast Cancer Woman Carrying a BRCA2 Mutation…
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58.1  Assessment and Diagnosis

On exam, we observed a well-nourished girl weigh-
ing 48 kg with a height of 163 cm (BMI 18.2). She 
had Tanner stage 2–3 breast development, Tanner 
stage 2 pubic hair development, and normal exter-
nal female genitalia. A transabdominal pelvic 
ultrasound demonstrated an anteverted uterus, a 
normal vagina, and two ovaries that were easily vis-
ible. The right ovary had an antral follicle count of 
5, with the largest follicle measuring 9 mm, and the 
left ovary had an antral follicle count of 6. No 
abnormalities were observed on ultrasound. 
Vaginal exam and transvaginal ultrasound were 
not performed in this patient to minimize patient 
discomfort as this exam would not additionally 
impact her fertility preservation care. A hormone 
assessment revealed an AMH level of 0.95 ng/mL, 
an estradiol level of 65  pg/mL, a FSH level of 
5.0 IU/L, and LH level of 2.9 IU/L, consistent with 
her state of undergoing the pubertal transition.

For counseling on her fertility risk, we assessed 
the impact of her treatment exposures, which 
included busulfan, an alkylating agent, and fluda-
rabine, a purine analog, on ovarian reserve and 
uterine function. Antimetabolites such as fludara-
bine are hypothesized to impact only dividing 
cells and hence would pose less risk to the ovarian 
follicle pool. Alkylating chemotherapy has been 
shown to adversely impact ovarian reserve, 
increasing risks of infertility. In contrast to pelvic 

radiation, chemotherapy alone has not been asso-
ciated with increased spontaneous abortion or 
intrauterine growth restriction [2].

In order to individualize her risk from busulfan, 
we calculated the Cyclophosphamide Equivalent 
Dose (CED) using an equation derived from multi-
ple observational studies of toxicities associated 
with cyclophosphamide and other alkylating agents 
(. Fig. 58.1) [3]. This equation allows for the con-
version of different alkylating agents into an equiva-
lent dose of cyclophosphamide, for which there are 
data on risks of primary ovarian insufficiency (POI) 
and infertility [3, 4].Our patient’s CED was calcu-
lated to be 3.7  g/m2. Based on data from the 
Childhood Cancer Survivor Study (CCSS), children 
receiving <4 g/m2 CED did not have higher rates of 
POI compared to children who did not receive 
alkylating agents (risk ratio 0.56, 95% CI 0.07–4.27, 
p = 0.58) [3].For children receiving <8 g/m2 CED, 
the hazard ratio of POI was 1.55 (95% CI 0.77–3.11, 
p = 0.10), compared to children who did not receive 
alkylating agents [5]. Within the CCSS, the risk of 
clinical infertility in females was reported to be 
13%. Relative to girls who did not receive alkylating 
agents, those in the lowest tertile of alkylating agents 
exposure had a relative risk of infertility of 0.91 
(95% CI 0.69–1.20, p = 0.51) [4].

Based on these estimates, the patient and 
her family were counseled that her fertility risk 
from these exposures was limited, but it is still 
not possible to predict individual risk. We then 

 Case Presentation

A 13-year-old girl with severe 
eczema and dermatitis since 
infancy; recurrent skin, ear, and 
throat infections; and plantar 
warts was diagnosed with 
DOCK8 deficiency. DOCK8 
deficiency is a rare autosomal 
recessive form of Hyper-IgE 
syndrome (incidence 
<1:1,000,000) associated with 
early mortality due to sepsis and 
infectious complications [7]. 
While treatment has focused on 
prevention of infections, bone 
marrow transplantation (BMT) 
using myeloablative condition-
ing protocols has been 
described as a curative approach 
for this deadly disease [8]. 

Following counseling, the family 
desired to participate in a 
DOCK8 deficiency clinical trial at 
the National Institutes of Health 
using a reduced-intensity 
conditioning regimen with 
fludarabine and busulfan prior 
to allogeneic hematopoietic 
stem cell transplant [1]. As part 
of her BMT counseling, the 
patient and her family were 
referred by the pediatric 
oncology team to reproductive 
endocrinology to discuss fertility 
risk and fertility preservation 
options. The oncology team 
provided estimated cumulative 
doses for the conditioning 
regimen.

The patient and her family 
presented to the reproductive 
endocrinology team. She reported 
thelarche 1 year prior, adrenarche 
around the same time, and no 
menarche. Maternal age for 
menarche was 15. The patient 
reported no prior sexual 
intercourse and denied smoking, 
alcohol, and drug use. Her current 
medications included antibiotics 
and inhaled steroids and 
beta-agonist for asthma. Her 
surgical and family history was 
non- contributory. She verbalized 
her desire to have children in the 
future, and her mother reported 
that this is a longstanding wish for 
the patient.

 K. Shliakhsitsava et al.



537 58

discussed fertility preservation options for pre-
menarchal girls are all experimental, as there is 
a dearth of data on treatment efficacy in this 
population. The options that we discussed 
included expectant management, ovarian stim-
ulation for oocyte or embryo freezing, ovarian 
tissue freezing, and ovarian suppression with 
GnRH agonist. On oocyte retrieval, we dis-
cussed transvaginal approach once deep seda-
tion was achieved. Following counseling, the 
patient and her family verbalized understand-
ing of risks and wished to proceed with oocyte 
freezing.

58.2  Management

In preparation for oocyte retrieval, the patient 
signed oocyte freezing assents, and her parents 
signed consents. The family met with the treating 
anesthesiologist prior to stimulation. Random 
start ovarian stimulation was initiated 2 months 
prior to patient’s planned BMT (. Table  58.1). 

Estradiol and progesterone levels on the day stim-
ulation started were <20 pg/mL and <0.2 ng/mL, 
respectively. She received 150  IU of menotropin 
and 75 IU of follitropin daily. Estradiol levels were 
followed every other day starting on day 3 of 
stimulation. Serial abdominal ultrasound was 
performed to monitor follicle growth. GnRH 
antagonist was initiated on day 6 when the lead 
follicle was at least 14 mm in diameter. On stimu-
lation day 10, her lead follicles were 21  mm by 
size, a total of six follicles greater than 10  mm 
were observed, estradiol level was 2312  pg/mL, 
and 10,000  IU of hCG was administered intra-
muscularly to trigger oocyte maturation.

On the day of oocyte retrieval, the patient was 
brought to the operating room, and her parents 
were able to accompany her while the IV catheter 
was placed. Then, they were escorted to the wait-
ing room, and deep sedation was administered to 
the patient. She was positioned in dorsal lithot-
omy, and vaginal preparation was performed. The 
transvaginal ultrasound probe was introduced, 
and the oocyte retrieval was then completed with-

CED
(mg/m2)

1.0 (cumulative cyclophosphamide dose (mg/m2)

0.244 (cumulative ifosfamide dose (mg/m2)

0.857 (cumulative procarbazine dose (mg/m2)

14.286 (cumulative chlorambucil dose (mg/m2)

15.0 (cumulative BCNU dose (mg/m2)

16.0 (cumulative CCNU dose (mg/m2)

40 (cumulative melphalan dose (mg/m2)

50 (cumulative Thio-TEPA dose (mg/m2)

100 (cumulative nitrogen mustard dose (mg/m2)

8.823 (cumulative busulfan dose (mg/m2)

+

+

+

+

+

+

+

+

+

       . Fig. 58.1 Cyclophosphamide equivalent dose (CED) calculation

Fertility Preservation in a Premenarchal Girl



538

58

out difficulty. Care was taken during preparation 
and retrieval to minimize tear to the hymen, 
which remained intact after the procedure. Ten 
oocytes were retrieved (eight metaphase II and 
two metaphase I). All ten oocytes were vitrified. 
The patient tolerated the procedure well and was 
discharged home 2  hours after surgery without 
complications. Onset of menses started 2  weeks 
following the procedure. She then underwent 
BMT as scheduled.

58.3  Outcome

This case demonstrates several key aspects of fer-
tility risk counseling and fertility preservation 
procedures in adolescents. First, patient education 
of fertility risk was initiated by the treating oncol-
ogy team, in line with professional society guide-
lines to address the possibility of infertility with 
patients and parents prior to cancer therapy. The 
oncology team had a longstanding partnership 
with the reproductive endocrinology team and 
the fertility preservation program at a National 
Cancer Institute-designated Comprehensive 
Cancer Center, facilitating a streamlined referral. 
Importantly, the oncology team provided the 
planned cumulative doses for chemotherapy to 
enable the reproductive endocrinology team to 
help estimate risk for counseling.

Second, the fertility preservation team inclu-
sive of the reproductive endocrinologist, anesthe-
siologist, nurse, embryologist, administrative staff, 
and operating room staff had prior experience 
with treating adolescents. In addition, a thorough 
literature search was performed to provide up-to-
date evidence on fertility risk and review the few 

published experiences with ovarian stimulation in 
pre-menarchal girls [6]. Then, the fertility preser-
vation team was able to discuss coordinated care of 
this patient prior to stimulation start. The repro-
ductive endocrinologists reviewed the patient’s 
pubertal stage, gonadotropin and estradiol levels, 
and size of antral follicles and surmised that these 
antral follicles should be responsive to exogenous 
gonadotropins for ovarian stimulation. Her nor-
mal body habitus enabled ultrasound monitoring 
of follicular development abdominally in conjunc-
tion with estradiol levels. The anesthesiologist and 
operating room staff worked to confirm that 
equipment would be suitable for a patient of this 
size. The administrative team worked with the 
patient’s family to determine insurance coverage 
and help apply for donated medications. The nurse 
helped to support the family through injection 
teaching and communication during stimulation. 
We met with the patient and her family on two 
occasions prior to ovarian stimulation and talked 
with the patient individually without her parents 
to ascertain that she understood and wished to 
undergo this procedure.

Third, it was important to estimate the magni-
tude of her risk, as cancer treatments from che-
motherapy to radiation to surgery pose differential 
risks to fertility outcomes. Even with exposure to 
alkylating agents, fertility outcomes, particularly 
in girls, can be normal without fertility preserva-
tion procedures [4]. Hence, as part of informed 
consent, it is critical to convey the magnitude of 
risk to facilitate discussions in light of significant 
physical, emotional, and financial costs of under-
going fertility preservation in an adolescent girl. 
Ultimately, this patient clearly verbalized her 
desire to prevent infertility if possible, and there is 

       . Table 58.1 Ovarian stimulation monitoring

Stimulation day 1 2 3 4 5 6 7 8 9 10

Menotropin dose (IU) 150 150 150 150 150 150 150 150 150

Follitropin dose (IU) 75 75 75 75 75 75 75 75 75

hCG (IU) 10,000

Estradiol level (pg/mL) <20 70 207 760 1194 2312

Progesterone level 
(ng/mL)

<0.2

Lead follicle 
diameters(mm)

7, 9 11, 13 15, 16, 
16

19, 18, 16, 
15, 13, 11

21, 21, 
19, 17
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still a lack of tools to predict precise risk of infer-
tility for an individual. Hence, in line with sup-
porting patient autonomy, we proceeded with 
ovarian stimulation and oocyte cryopreservation.

Clinical Pearls and Pitfalls
 5 Fertility and ovarian failure risk from 

alkylating chemotherapy can be 
estimated using the CED. There are also 
risk estimates for abdominal and pelvic 
radiation [3–5].

 5 In the pubertal transition, antral follicle 
count (AFC) and AMH levels are lower 
than at peak reproductive age. Low AMH 
and AFC prior to cancer therapy in this 
population likely do not indicate 
decreased ovarian reserve.

 5 There are cases of successful ovarian 
stimulation in pre-menarchal girls that 
have resulted in cryopreservation of 
mature oocytes. In conjunction with 
estradiol levels, abdominal ultrasounds 
can be used to monitor stimulation.

 5 Quality fertility preservation care involves 
a multi-disciplinary team inclusive of 
oncology, reproductive endocrinology, 
anesthesia, nursing, and administration.

 Review Questions and  
Answers [1, 2]

 ?  Q1.  True or False? Alkylating 
chemotherapy always poses high risk 
to fertility in girls.

 v  A1.  False, fertility risk is dependent on 
cumulative dose, which can be 
calculated using the CED. The CED can 
then be used to estimate risks of POI 
and infertility based on data from the 
Childhood Cancer Survivor Study [3–5].

 ?  Q2.  True or False? Fertility preservation 
using controlled ovarian stimulation 
and oocyte cryopreservation is not 
possible in pre-menarchal girls.

 v  A2.  False, fertility preservation using 
controlled ovarian stimulation and 
oocyte cryopreservation is possible in 
pre-menarchal girls as demonstrated 
by our successful case and previously 
published report [6].

 ?  Q3.  True or False? Monitoring of ovarian 
stimulation must be performed using 
a transvaginal ultrasound.

 v  A3.  False, abdominal ultrasound monitoring 
in conjunction with estradiol levels can 
be used in select individuals of 
low-normal BMI if their clinical history 
precludes transvaginal monitoring (e.g., 
virginal status or vaginismus).
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59.1  Assessment of Ovarian 
Reserve and Ovarian  
Function Loss Risk

The aim and headlines of oncofertility were 
explained before the individual evaluation of the 
gonadotoxicity. For this purpose (and on the same 
day), serum anti-Mullerian hormone (AMH) test-
ing was performed and resulted on a level of 0.88 ng/
ml suggestive of a decreased ovarian reserve. A 
decreased AMH level in patients with hematologic 
malignancies is reported by some authors [1] but 
still controversial [2]. The pathophysiology and the 
long-term implications are unknown, but extreme 
catabolic state could be one of the mechanisms.

In this case, risk of loss of ovarian function was 
considered intermediate. Indeed, the initially 
planned chemotherapy protocol contains no alkyl-
ant agent (the most gonadotoxic supress). On the 
other hand, the decreased initial ovarian reserve 
was a risk factor of premature ovarian failure [3]. In 
addition, a switch for a more aggressive chemo-
therapy (in case of unsuccessful first-line treatment) 
was estimated as possible by the hematologists.

59.2  Management

Considering all these parameters, the patient was 
advised to proceed with fertility preservation.

Oncofertility possibilities were explained to the 
patient and her parents. Because NT was post- 
pubertal, she was offered ovarian tissue cryopreser-
vation (OTC) or oocytes vitrification (OV). In our 
case, advantages and disadvantages of each technique 
were discussed with the patient and her parents.

Although preferred by many oncofertility 
teams, OTC is still considered as experimental. 
Despite this label, it was shown that OTC is an 

effective method that can restore fertility but also 
endocrine activity. Moreover, 18–23% pregnancy 
rates are reported [4, 5] with half of the pregnancy 
occurring spontaneously.

This method requires a laparoscopy and there-
fore, theoretically, allows the patient to start chemo-
therapy, one  day after the surgical removal of the 
ovarian tissue. However, in our particular case, NT 
presented mediastinal compression due to large tho-
racic nodes, and the anesthetist recommended that 
she would need at least 10 days of prednisone before 
being able to have a laparoscopy, which would delay 
the start of chemotherapy. Long-term risks of OTC 
were also discussed including the risk of introducing 
malignant cells when grafting the ovarian tissue after 
recovery, even though Hodgkin Lymphoma is low 
risk [6]. Finally, we considered in this case, that in a 
patient with low ovarian reserve and low risk che-
motherapy (which may not induce premature ovar-
ian insufficiency), removing ovarian tissue may be 
more harmful than the chemotherapy itself.

Oocytes vitrification is the standard method 
according to the guidelines [7], and it has been 
shown to be associated with 32% of pregnancy rates 
[4]. It requires ovarian stimulation with gonadotro-
phins, which would delay the start of chemotherapy 
by 12–15 days using a random start protocol. The 
window of stimulation would allow for prednisone 
administration to reduce her thoracic compression. 
The patient and her parents gave consent for ovar-
ian vitrification on the day of consultation, and 
ovarian stimulation was started (on day 15 of cycle).

Ovarian stimulation was started with human 
menotropins 300 international units per day with an 
GnRH antagonist for prevention of ovulation and a 
GnRH agonist trigger for oocyte maturation. This 
protocol minimizes the risk of ovarian hyperstimu-
lation ovarian syndrome risk. In this case, the GnRH 
antagonist was started on day 10 (. Table 59.1) as it 

 Case Presentation

NT is a 15-year-old post-menarchal 
girl; she was complaining of 
cervical enlargement, a weight 
loss of 21 kg in 3 months, night 
sweats, and fever. Clinical 
examination of the patient found 
a 2 cm fixed painless and firm 
right lateral jugular lymphade-
nopathy. The left cervical 
lymphadenopathy biopsy 
revealed a scleronodular 

Hodgkin’s disease. The patient’s 
disease was staged IIBb with 
mediastinal bulky according to the 
Ann Arbor classification system.

She was planned to receive 
two cures of OEPA (vincristine, 
etoposide, prednisone, 
doxorubicin) followed by an early 
PET scan assessment (according 
to the Euronet-Paediatric 
Hodgkin Lymphoma Group).

According to guidelines, 
hematologists addressed the 
issues of chemotherapy side 
effects including possible risk of 
ovarian toxicity. The patient and 
her parents (she was minor) 
were offered to be referred for 
fertility preservation. They 
consulted one day after being 
referred.

 M. Khrouf et al.
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is possible to delay the start of the GnRH antagonist 
when stimulation occurs in the luteal phase and 
endogenous progesterone remains elevated [8].

After 12 days of stimulation, we obtained seven 
follicles with four measuring more than 17  mm 
indicating a triggering with GnRH agonist. GnRH 
agonist triggering should be used only in women 
with proof of normal hypothalamic- pituitary-
ovarian axis activity, and an LH assay should be 
performed 12 hours after GnRH agonist adminis-
tration to verify the LH surge (>15 mIU/ml).

59.3  Outcome

The patient and her parents were uncomfortable 
with idea of transvaginal oocyte pickup procedure 
so we offered them the possibility of using perure-
thral transvesical pickup which represents an 
effective and safe alternative [9].

Eight oocytes were retrieved; seven of them 
were mature and then vitrified. No complications 
occurred, and the patient was referred the day after 
oocyte pickup to start chemotherapy, 15 days after 
being referred to the oncofertility unit.

59.4  Conclusion and Keypoints

 5 Malignant hemopathies especially Hodgkin 
Lymphoma are common indications for 
fertility preservation.

 5 Fertility preservation counselling should be 
individualized based on the patient, her 
diagnosis, and her ovarian reserve.

Clinical Pearls/Pitfalls
 5 Ovarian reserve markers may be low in 

hematologic malignancies before any 
chemotherapy.

 5 According to guidelines, every patient who 
had not achieved his parenthood should 
be referred to an oncofertility program.

 5 Both ovarian tissue cryopreservation and 
oocyte vitrification are effective tech-
niques and offer realistic chances of 
becoming a parent.

 5 For oocyte vitrification, the preferred 
protocol for ovarian stimulation protocol 
is a Gn-RH antagonist with GnRH agonist 

trigger to maximize the oocyte yield in a 
safe and expeditious manner.

 5 Confirmation of an LH surge after a 
GnRH agonist trigger should be verified 
by an LH and possibly progesterone level 
performed 12 hours after Gn-RH agonist 
administration.

 Review Questions and Answers

 ?  Q1.  What are the most important factors 
for the evaluation of gonadotoxicity 
risk of chemotherapy?

 v  A1.  Age, pre-existing ovarian reserve, 
chemotherapy agents, and additional 
therapies (radiation, surgery).

 ?  Q2.  What is the best cycle day to start 
ovarian stimulation for fertility 
preservation?

 v  A2.  Ovarian stimulation can be started at 
any day of cycle with the exception of 
the periovulatory window. Delaying 
ovarian stimulation to the 1st day of 
cycle is not recommended.

 ?  Q3.  What are the alternatives to vaginal 
oocyte pickup in adolescents?

 v  A3.  Peruretheral transvesical, abdominal, 
or laparoscopic oocyte pickup may be 
more acceptable than transvaginal 
oocyte aspiration in some adolescents.
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 Case Presentation

A 14-year-old female living in South Africa 
presented with a history of 7 months of worsening 
right lower back pain and progressive neurological 
symptoms including radiating pain, numbness, and 
tingling down her right leg. The initial MRI 
performed revealed a bony lesion involving the 
right iliac bone, right SI joint, and right sacrum 
associated with a large soft tissue component 
(9.6 × 8 × 8.4 cm). The imaging was concerning due 
to a malignant process requiring further evalua-
tion. The family transferred care to a tertiary 
pediatric hospital in the USA where diagnostic 
testing was completed.

60.1  Assessment and Diagnosis

Ultrasound-guided core biopsies of the mass were 
positive for CD99+ small round blue cells. RT 
PCR analysis of the cells was positive for the 
EWSR1-FLI1 fusion transcript, confirming the 
diagnosis of Ewing Sarcoma. A single metastatic 
lesion was noted in the in the left sacrum. CT 
chest was negative for metastatic disease.

Ewing Sarcoma (ES) is the second most com-
mon malignant bone tumor of childhood/adoles-
cence. ES is a chemo- and radiosensitive tumor. 
Treatment consists of both systemic treatment 
(chemotherapy) and local control (surgical resec-
tion or radiation therapy). The management of 
local disease depends on the anatomical location 
of the tumor as well as the associated risks and 
benefits of each treatment modality. Large pelvic 
tumors, in particular, are not typically amenable 
to surgical resection [1].

60.2  Management

The treatment plan included neo-adjuvant che-
motherapy followed by radiation therapy 
(55.80  Gy) with adjuvant chemotherapy. 
Chemotherapy would consist of alternating cycles 
of vincristine, doxorubicin, cyclophosphamide 
(8400  mg/m2), ifosfamide (63,000  mg/m2), and 
etoposide every 14  days. The radiation therapy 
field would include the right pelvis as well as the 
focal lesion identified in the left sacrum.

Infertility is a known side-effect of both 
alkylating agents and radiation to the ovaries or 
pelvis. The cyclophosphamide equivalency dose 

(CED) of this treatment is 23,772 mg/m2. Based 
on a CED of 23,772 plus radiation therapy to 
the pelvis, her risk for ovarian failure is greater 
than 80% [2–4].

Fertility preservation counseling was initiated 
once diagnosis was confirmed. The family met 
with the Advance Practice Registered Nurse 
(APRN) to discuss risk of infertility and preserva-
tion options. Oocyte harvesting and oophoropexy 
were discussed with the family as standard fertil-
ity preservation options. Ovarian tissue cryo-
preservation was presented as an investigational 
procedure [5]. Oocyte harvesting was not avail-
able at the pediatric institution and required 
transfer of care to reproductive medicine special-
ists at a partnering adult hospital. Both ovarian 
tissue cryopreservation and oophoropexy would 
be performed at time of routine venous port 
placement and bone marrow aspirate and biopsy.

The family decided to proceed with ovarian 
tissue cryopreservation and oophoropexy. They 
understood oocyte harvesting is standard of care 
and ovarian tissue cryopreservation was consid-
ered experimental. The family stated they based 
their decision on a desire to start treatment as 
soon as possible due to increasing pain. Delay of 
treatment initiation for fertility preservation is a 
concern often expressed by families at the time of 
cancer diagnosis [6]. Additional concerns identi-
fied were the intensity of the stimulation process 
for oocyte harvesting as well as invasive ultra-
sounds required to monitor oocyte maturation. 
Potential for ovarian insufficiency from gonado-
toxic treatment was also a worry for the mother. 
The reports of restoration of hormone function 
from transplanted tissue also factored into the 
family’s decision to pursue OTC [7].

60.3  Operative Considerations

Most girls undergoing potentially sterilizing ther-
apy will receive symmetric exposure to both ova-
ries. Therefore, in most cases, either ovary can be 
removed at the discretion of the surgeon during 
laparoscopic oophorectomy for cryopreservation. 
If diagnostic laparoscopy confirms normal bilat-
eral fallopian tubes and ovaries, the right ovary is 
often removed out of convenience due to the 
proximity of the sigmoid colon to the left ovary. 
An exception is for girls who are expected to 
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receive asymmetric pelvic radiation. In this 
patient’s case, the primary tumor involved the 
right hemipelvis, and the radiation field was 
anticipated to disproportionately affect the right 
ovary. Therefore, in discussion with the radiation 
oncologist, the decision was made to perform a 
laparoscopic right oophorectomy in the usual 
fashion and oophoropexy of the left ovary. This 
was accomplished using a single laparoscopic 
suture between the mesovarium and the perito-
neum overlying the iliac vessels to suspend it out 
of the pelvis. The goal of oophoropexy was to 
minimize the radiation exposure of the contralat-
eral ovary.

60.4  Outcome

The patient went home on the day of surgery and 
had an uncomplicated postoperative course. 
Chemotherapy was initiated on the fourth post-
operative day.

Clinical Pearls
 5 Calculating potential for infertility 

includes assessment of chemotherapy, 
both high-risk medications and cumula-
tive dosing, radiation, and surgical risks.

 5 Determination of fertility preservation 
options requires discussion between 
medical oncologist, radiation oncologist, 
and surgeon.

 5 Family may choose an experimental 
fertility preservation option if the 
standard procedure will delay onset of 
treatment or if the investigation option 
offers a perceived benefit not provided 
by standard therapy.

 5 In girls receiving potentially sterilizing 
therapy who will undergo asymmetric 
pelvic radiation, laparoscopic oophorec-
tomy for cryopreservation should 
remove the ovary anticipated to receive 
the higher radiation dose.

 5 Concurrent laparoscopic oophoropexy 
can be used to suspend the contralateral 
ovary out of the pelvis and minimize its 
radiation exposure.

 Review Questions and Answers

 ?  Q1.  Which patient is at highest risk for 
infertility due to treatment?

 (a) Four-year-old female receiving 
vincristine, doxorubicin, 
dactinomycin, and 10.8 Gy 
radiation to the right flank for 
treatment of Wilms’ tumor

 (b) Twelve-year-old female receiving 
18 Gy cranial radiation and 
cyclophosphamide 1000 mg/m2 for 
treatment of acute lymphoblastic 
leukemia

 (c) Twenty-year-old female receiving 
55 Gy radiation to the right thigh for 
treatment of synovial cell sarcoma

 (d) Fifteen-year-old receiving 
cyclophosphamide 8400 mg/m2 
and 54 Gy to the right hip for 
alveolar rhabdomyosarcoma

 v  A1. (d)

 ?  Q2.  What factors may influence the 
decision regarding ovarian tissue 
cryopreservation?

 (a) Urgency to start treatment
 (b) Patient’s age
 (c) Standard therapy versus 

investigational
 (d) All of the above

 v  A2. (d)

 ?  Q3.  In which of the following patients is 
there a side preference for laparoscopic 
oophorectomy for cryopreservation?

 (a) Two-year-old female with 
neuroblastoma of the right adrenal 
gland

 (b) Eleven-year-old female with recurrent 
AML undergoing stem cell transplant

 (c) Fourteen-year-old female with 
alveolar rhabdomyosarcoma of the 
retroperitoneum in the right 
hemipelvis

 (d) Four-year-old female with metastatic 
but local stage I Wilms’ tumor

 v  A3. (c)
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61.1  Assessment and Diagnosis

61.1.1  Screening for Thalassemia

Hemoglobinopathies are genetic disorders of 
hemoglobin (Hb) due to mutations in the globin 
genes, which encode the globin chain compo-
nents of hemoglobin. They can be divided into 
two groups: thalassemia syndromes, which are a 
result of mutations leading to reduced or absent 
synthesis of the affected globin chains, and struc-
tural variants such as sickle cell anemia [1]. The 
major categories of severe hemoglobinopathies 
include sickle cell disease, Hb E thalassemia, 
β-thalassemia major, and Hb Bart’s hydrops fetalis 
syndrome. The clinical manifestations can range 
from a mild anemia with an associated microcy-
tosis (thalassemia trait) to a severe fatal anemia 
seen in β-thalassemia major or Hb Bart’s hydrops 
fetalis syndrome [2].

The American College of Obstetricians and 
Gynecologists (ACOG) currently recommends 
that information regarding comprehensive carrier 
screening be provided to all pregnant women [3]. 
ACOG notes that it is important to understand 
that newborn screening is not replaced by prena-
tal carrier screening [3], and that if an individual 
is found to be a carrier of a genetic condition, he 
or she should be encouraged to inform existing 
relatives who may also be at risk [4].

The diagnosis of sickle cell or thalassemia 
requires a complete blood count (CBC) with 
erythrocyte indices, reticulocyte count, and 
hemoglobin electrophoresis or isoelectric focus-
ing (IEF) for quantification of Hb A, Hb A2, and 
Hb F.  More recently, cation-exchange HPLC is 
becoming the preferred method of choice for 
screening [2, 5–8]; however, DNA analysis may 
also be needed for a definitive diagnosis of many 

forms of thalassemia. The clinical symptoms of 
β-thalassemias range from a mild, microcytic 
hypochromic anemia for thalassemia minor (trait) 
to long-term transfusion-dependent anemia for 
thalassemia major (homozygous or compound 
heterozygous β-thalassemia), also called transfu-
sion-dependent thalassemia (TDT). Thalassemia 
intermedia, or non-transfusion- dependent thalas-
semia (NTDT), results in moderate anemia and 
may be associated with jaundice, splenomegaly, 
and paraspinal masses due to extramedullary 
hematopoiesis [9].

61.1.2  Thalassemia and 
Hypogonadism

One of the most common endocrinopathies asso-
ciated with thalassemia major is hypogonadism, 
affecting approximately 70–80% of individuals 
with the disease [10]. The underlying mechanism 
is likely due to excess iron deposition in the gonads 
and/or pituitary gland, the latter being more com-
mon [10]. Normal iron homeostasis is maintained 
by iron absorption, but in patients with thalas-
semia, there is a lack of proper excretory mecha-
nisms resulting in iron overload. The anterior 
pituitary is very sensitive to this excess iron, with 
the end result being a significant decrease in folli-
cle-stimulating hormone (FSH) and luteinizing 
hormone (LH) [10, 11]. Iron toxicity in thalas-
semia patients is also thought to affect adipocytes 
and leptin, as lower leptin levels have been shown 
in studies of varying age groups with thalassemia. 
These decrease leptin levels have been proposed as 
the etiology of delayed puberty in thalassemia 
patients due to leptin’s role in indirect stimulation 
of the hypothalamic- pituitary- gonadal (HPG) axis 
through Kisspeptin neurons in the arcuate nucleus 

 Case Presentation

A 16-year-old female with a 
history of β-thalassemia 
presented to our Reproductive 
Endocrinology and Infertility (REI) 
clinic prior to undergoing 
hematopoietic stem cell 
transplantation (HSCT). Her 
gynecologic history was 
significant for spontaneous 
menarche at age 13 years and 
regular monthly menses. She was 

not sexually active but did use 
tampons. Her history was 
otherwise significant for mild 
asthma and a history of 
depression for which she saw a 
therapist but was not prescribed 
medications. She was able to 
tolerate a transvaginal ultrasound, 
which revealed a normal-sized 
uterus and an antral follicle count 
of 12. Laboratory results were 

notable for an anti-Müllerian 
hormone (AMH) level of 3.41 ng/
mL. She was counseled that the 
preconditioning regimens used 
prior to HSCT could lead to 
premature ovarian insufficiency, 
and therefore she should consider 
fertility preservation. She was 
counseled about preservation 
options and elected to undergo 
oocyte cryopreservation.

 M. E. Pavone et al.
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[10, 12]. The prevalence and severity of the hypo-
gonadism depend upon the type of thalassemia 
and age of the individual [10].

61.2  Management

The management of β-thalassemia depends on the 
type and severity of the disease. Supportive 
treatment for TDT includes chronic transfusions 
and iron chelation to reduce or prevent iron 
overload. The recommended frequency of 
transfusions is usually every 2–4 weeks to maintain 
a pretransfusion hemoglobin level of 9–10  g/dL. 
Chelation therapy is initiated after 10–20 units, or 
when serum ferritin concentration exceeds 
1000 ng/mL. Splenectomy can mitigate transfusion 
requirements; however, it is associated with 
increased risk of infection and pulmonary 
hypertension. Hematopoietic stem cell 
transplantation (HSCT) is a curative option for 
thalassemia major if an appropriate stem cell 
donor is available [13]. Gene therapy, which 
involves ex vivo transduction of the patient’s own 
stem cells with a viral vector containing the human 
beta globin gene, is a promising new approach.

61.2.1  Hematopoietic Stem Cell 
Transplant (HSCT)

The primary objective of HSCT for thalassemia is 
to correct the genetic defect resulting in abnor-
mal globin chain synthesis and subsequent 
hemolytic anemia [13]. This can be accomplished 
by using suitably matched hematopoietic stem 
cells from a family or unrelated donor. In general, 
only one- third of patients have an available 
matched related donor [14, 15]. Patients under-
going this treatment are risk stratified into three 
classes based on the following risk factors pres-
ent: liver size (>2 cm), presence of liver fibrosis, 
and inadequate iron chelation. Class I has none of 
these risk factors, Class II has one to two of the 
risk factors, and Class III has all of the three risk 
factors [16–18]. Those individuals identified as 
Class I and II are considered low risk and have 
very favorable outcomes with HSCT, whereas 
Class III individuals are high risk and have poorer 
outcomes [16–18]. Prior to transplant, a condi-
tioning regimen (which is a treatment used to 
prepare a patient for receiving HSCT), is utilized 
to eradicate the thalassemic marrow. The 

 traditional conditioning regimen used in treating 
β-thalassemia major is a myeloablative busulfan 
and cyclophosphamide- based treatment. Various 
conditioning regimens have been introduced 
since the original busulfan and cyclophospha-
mide regimen to reduce related toxicity and graft 
rejection. Some of these regimens involve reduc-
ing the cyclophosphamide dose. Regimens for 
high-risk or Class III individuals involve adding 
fludarabine and azathioprine to the conditioning 
regimen along with intensive chelation and 
hyper-transfusion therapy with hydroxyurea and 
growth factors at specific time points. A more 
novel approach to conditioning regimens is the 
use of treosulfan due to its lower toxicity profile, 
especially in high risk patients [18]. With these 
newer regimens, HSCT has provided up to a 90% 
long-term survival rate, even in high-risk indi-
viduals [15, 19, 20].

Following the conditioning regimen, the allo-
geneic normal or heterozygous stem cells are 
infused into the patient. Potential early complica-
tions include graft failure, graft versus host dis-
ease, and life-threatening infections. Late 
complications (those occurring after more than 
2 years) include disease relapses, chronic graft-vs- 
host disease (GvHD), infections, and secondary 
cancers [18, 21].

Recent gene therapy studies have demonstrated 
transfusion reduction or elimination in severe beta 
thalassemia without many of the risks associated 
with allogeneic HSCT [22, 23]. Autologous stem 
cells are mobilized with plerixafor and GCSF, then 
harvested from peripheral blood by apheresis. 
Stem cells undergo CD34 selection in the labora-
tory, followed by transduction with a lentiviral vec-
tor containing the human beta globin gene. 
Patients receive myeloablative doses of chemother-
apy prior to reinfusion of their genetically modi-
fied stem cells. Adverse events thus far appear to be 
related to the conditioning regimen. No replication 
competent lentivirus, clonal dominance, or graft 
failure has been reported.

61.2.2  Hematopoietic Stem Cell 
Transplant (HSCT) 
and Primary Ovarian 
Insufficiency (POI)

The majority of existing data from long-term out-
comes using HSCT comes from cancer studies. 
The use of SCT has been utilized globally for other 
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diagnoses in young patients and may potentially 
represent the only curative therapy for certain 
malignancies [24]. Though beneficial, one must 
be aware of the long-term risks associated with 
SCT.  Of particular interest, conditioning thera-
pies used in conjunction with SCT can be gonado-
toxic and significantly diminish fertility in treated 
young individuals, resulting in primary ovarian 
insufficiency (POI), previously reported or 
denoted as premature ovarian failure (POF). In 
studies in which myeloablative conditioning regi-
mens were used, POI was seen in 95–100% of 
patients following conventional allogeneic trans-
plantation [24].Some of these standard myeloab-
lative treatments include alkylating agents such as 
cyclophosphamide and busulfan and/or radia-
tion. One of the first reports using reduced inten-
sity conditioning (RIC) regimens, characterized 
by decreased doses of chemotherapy and/or radi-
ation, demonstrated POI in 86.3% of treated 
patients indicated for a hematologic malignancy. 
However, it was concluded that this may be attrib-
uted to prior chemotherapy for treatment of the 
malignancy as decreases in fertility due to 
gonadotoxic treatments were noted to be dose- 
dependent [24, 25]. In a separate study of SCT in 
lymphoma and leukemia patients, vasomotor 
symptoms were prevalent following transplanta-
tion [24, 26]. SCT is also readily used in treatment 
of sickle cell disease with cure rates exceeding 
90% [27]. A more recent report of SCT use in 
sickle cell patients discussed the hesitation of 
accepting HSCT due to its potential risks of sub-
fertility or infertility. There is no accurate method 
to calculate individual risks of infertility; there-
fore, when consenting for HSCT, the patient must 
realize that there exists some unknown but likely 
significant risk to future fertility.

61.2.3  The Use of Controlled 
Ovarian Hyperstimulation 
(COH) in Adolescents

A growing point of focus in the field of reproduc-
tive medicine is fertility perseveration in adoles-
cents [28], due in part to the large number of 
adolescent patients undergoing gonadotoxic 
therapies for cancer or hemoglobinapthies. It was 
previously thought that ovarian tissue cryopreser-
vation may be the only means of fertility preser-
vation available to pre-pubertal females and was 

utilized as the primary treatment modality in this 
patient population who were undergoing high- 
risk gonadotoxic treatments [28, 29]. However, it 
has been subsequently reported that controlled 
ovarian hyperstimulation (COH) was able to be 
safely and successfully used in a pre-pubertal 
female resulting in cryopreservation of mature 
oocytes [28]. In this particular study, oocyte mat-
uration was achieved by both in vivo and in vitro 
mechanisms. In postpubertal adolescents, matu-
ration in  vivo is less of an issue, and COH has 
been successfully demonstrated in other case 
studies with MII yields approaching rates similar 
to adult women undergoing the same procedure 
[30, 31]. Although ovarian tissue cryopreserva-
tion has been a highly promoted option in this 
population, the efficacy has not been fully demon-
strated [28] and this method carries a risk of rein-
troduction of malignant cells in those patients 
who underwent preservation for a cancer diagno-
sis [28, 32–35]. Although a limited number of 
studies exist, COH has been used in adolescents 
with sickle cell disease [30], Turner’s syndrome 
[31], and malignancies [28]. Therefore, COH 
offers a safe fertility preservation option in ado-
lescents and young adults if a multi-disciplinary 
approach is taken, with the appropriate support 
team available and cautionary steps taken.

61.2.4  Controlled Ovarian 
Hyperstimulation (COH) 
Protocol

Our patient opted for oocyte cryopreservation and 
underwent a cycle start (CS) antagonist stimulation 
protocol. Prior to beginning the process, the 
patient met with a psychologist to ensure that she 
understood the procedure and wanted to move 
forward. She then gave assent in addition to 
 written consent from her parents/guardians. Our 
ovarian stimulation protocols have previously 
been described in other studies [36, 37] and will be 
briefly summarized. Traditionally, patients have 
undergone a CS protocol, but at Northwestern we 
have transitioned to include more random start 
(RS) protocols, giving patients the option of allow-
ing gonadotropins to be initiated at any point of 
the menstrual cycle. For CS protocols, gonadotro-
pin injections were initiated on the 3rd day of the 
cycle. Initial dosages of medication were based on 
ovarian reserve and age, then adjusted based on 
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response to medication, which was monitored by 
routine ultrasounds and E2 measurements. For a 
CS protocol, a daily injection of GnRH antagonist 
to prevent ovulation was began based on reaching 
one of two criteria: the leading follicle measuring 
at least 12 mm in diameter or E2 reached 300 pg/
mL.  For a RS protocol, GnRH antagonist injec-
tions began once the new lead follicle reached 
12  mm in diameter. Final follicular maturation 
was triggered by an injection of hCG when at least 
three follicles measured 16 mm in diameter, and 
oocyte retrieval was performed 36  hours later. 
Prior to 2008, slow cooling was used for oocyte 
cryopreservation in our practice, after which vitri-
fication became a standard practice.

61.3  Outcome

Ovarian stimulation was initiated using an antag-
onist protocol as described above. Injectable 
gonadotropins were started at the beginning of 
her menstrual cycle and given for a total of 
10 days. Her peak estradiol level was noted to be 
302  pg/mL on stimulation day 10. 
Choriogonadotropin alfa injection (Ovidrel, EMD 
Serono) was given to induce the final maturation 
of the oocytes, and an oocyte retrieval was per-
formed 36 hours later. A total of 14 oocytes were 
retrieved, of which 12 were mature, 1 was imma-
ture, and 1 had an empty zona. A total of 13 
oocytes were cryopreserved using vitrification (12 
mature and 1 immature). There were no complica-
tions from the oocyte retrieval. Three months 
later, the patient started a conditioning regimen 
that included busulfan and subsequently under-
went HSCT. After 6 months post-infusion, she has 
discontinued transfusions, has normal hemoglo-
bin levels, and has resumed normal activities.

Clinical Pearls and Pitfalls
 5 All patients undergoing HSCT for any 

indication should receive fertility 
preservation counseling and offered 
options given the undetermined risks of 
subfertility.

 5 It is important to be aware of post-
transplant- related complications such as 
engraftment syndrome, ITP, DVT, and 
hemorrhagic cystitis.

 5 Locating a matched donor for HSCT can 
be a limiting factor.

 5 COH is safe in the adolescent population 
as long as the appropriate precautions are 
taken and a multi-disciplinary support 
team is involved in the patient’s care.

 Review Questions and Answers

 ?  Q1.  What are the different types of 
thalassemia categories?

 v  A1.  β-thalassemia major (or transfusion-
dependent thalassemia (TDT))
β-thalassemia intermedia (or 
non-transfusion-dependent 
thalassemia (NTDT))
Hb E/β-thalassemia major
β-thalassemia minor
Hb Bart’s hydrops fetalis

 ?  Q2.  What is conditioning therapy? What 
are some of the associated risks?

 v  A2.  Conditioning therapy is a treatment 
used to prepare a patient for receiving 
HSCT that is utilized to eradicate the 
thalassemic marrow. The traditional 
conditioning regimen used in treating 
β-thalassemia major is a myeloablative 
busulfan and cyclophosphamide-
based treatment. Various conditioning 
regimens have been introduced to 
reduce related toxicity and graft 
rejection, including the reduction of 
the cyclophosphamide dose. 
Regimens for high-risk or Class III 
individuals involve adding fludarabine 
and azathioprine to the conditioning 
regimen along with intensive 
chelation and hyper-transfusion 
therapy with hydroxyurea and growth 
factors at specific time points.

Conditioning therapies used in 
conjunction with SCT can be 
gonadotoxic and significantly diminish 
fertility in treated young individuals, 
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resulting in primary ovarian 
insufficiency (POI), previously reported 
or denoted as premature ovarian 
failure (POF). In studies in which 
myeloablative conditioning regimens 
were used, POI was seen in 95–100% 
of patients following conventional 
allogeneic transplantation.

 ?  Q3.  When should a patient who is 
diagnosed with a hemoglobinopathy 
be counseled on fertility preservation?

 v  A3.  Patients diagnosed with a 
hemoglobinopathy should be 
counseled on fertility preservation 
prior to initiating any gonadotoxic 
conditioning treatments.

 ?  Q4.  What are some current ACOG 
recommendations regarding carrier 
screening?

 v  A4.  ACOG recommends that information 
regarding comprehensive carrier 
screening be provided to all pregnant 
women, which includes hemoglobin-
opathies such as thalassemias as well as 
a number of other genetic disorders. A 
combination of laboratory testing is 
usually needed in order to gather 
information to counsel couples who 
may be carriers of a specific thalassemia 
or sickle cell disorder. ACOG also notes 
that it is important to understand that 
newborn screening is not replaced by 
prenatal carrier screening.

 ?  Q5.  What are some late complications of SCT?

 v  A5.  Late complications (those occurring 
after more than 2 years) include 
disease relapses, chronic graft-vs-host 
disease (GvHD), infections, and 
secondary cancers.
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