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Dear ECHO participants,

On behalf of New York University, Moffitt Cancer Center, and our R25
Oncology Allied Health Professional Training Program in Reproductive Health,
we welcome you as an ECHO participant. You were selected based on your
dedication to your patients and workplace. We are excited to have you as a
participant in our 2023 ECHO class.

ECHO is a web-based training program that includes psychosocial, 
biological, clinical and skill-building modules to help oncology health 
professionals communicate timely and relevant information regarding
reproductive health to their adolescent and young adult (AYA)
patients.

We would like to thank the National Cancer Institute for funding ECHO.
We also thank New York University, Moffitt Cancer Center, and our
dedicated expert panel for their support and efforts.

Finally, we thank you for participating. We hope you enjoy the program and
improve your communication skills related to reproductive health with your
AYA oncology patients.

Sincerely,

Gwendolyn Quinn, PhD
ECHO Co-Director

Susan Vadaparampil, PhD, MPH
ECHO Co-Director

WELCOME
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Welcome to the ECHO training. This is a 9-week training from February 20th , 2023 – April 24th, 
2023. We recommend you spend approximately 1-2 hours each week on the course (you can decide 
your own pace and workload per week):

• About 25-35 minutes watching the lecture

• About an hour each week on the readings

• About 5-10 minutes on the case studies that will be presented prior to and immediately after viewing
each module

• About 5 hours over the course of 9 weeks to prepare for and create the 2 training assignments 

(please see pages 16-22 for additional information)

• Each week a discussion question/video will be posted to facilitate communication on training topics
with other course participants. We ask that you participate in at least 2 discussion boards 
throughout the course of the training program. 

Participation Requirements
Before you begin the ECHO training, please make sure you have:

• E-Textbook of Oncofertility Research and Practice: A Multidisciplinary Approach

• An account for access to the ECHO training website (My Training webpage) at  
www.echotorch.org

ECHO OVERVIEW

Training Description

If you have questions about the training, contact:
Please do not hesitate to contact either Dona Jalili or another ECHO team member if you have 
any problems at:

Dona.Jalili@nyulangone.org
(212) 263 0774

OR ECHOTORCH@nyulangone.org
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Participation in ECHO begins by logging into your pre-registered user account by February 20th, 2023.
You will receive an email from echotorch@nyulangone.org with a subject line that reads: “Welcome 
to the ECHO Training Program - User Registration.” 

Please note, Internet Explorer has compatibility issues with the ECHO Training Program. For the best user 
experience, we suggest using Microsoft Edge, Chrome, Safari, or Firefox web browsers.

Use the following steps to complete your registration:

1. Open the email sent to you from echotorch@nyulangone.org

2. Click the link within the email (or type the link in your internet browser)

3. Login using the username and password provided to you 

4. Once you successfully login, please feel free to change your password at any time to something you can 
easily remember. 

ECHO OVERVIEW

Registration Instructions (Please complete by February 20, 2023)
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ECHO OVERVIEW

Start the Course 
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1. After you login, you will be directed to your “My Training Dashboard.” This page provides you access to 

your courses as well as tracks your course progress, downloadable course materials, links to the 

discussion forums, etc.

2. To start the required ECHO Training Course, click “Begin this Course” located directly under the ECHO 

Training Course Progress bar. 



*If at any point you forget your password or would like to change it, please use the 
following steps to retrieve it:

1. Visit www.echotorch.org
2. Click “Sign In” in the top right corner
3. Click “Lost your password?” underneath the login box

ECHO OVERVIEW

Lost Your Password?
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4. Enter the username or email address you used when you registered for the course
5. Click “Get New Password”
6. A password reset email will be sent to the email address you used when you registered for the course
7. Follow the instructions in the password reset email

http://www.echotorch.org/


Training Pretest and Posttest:
• We will ask you to take a test before you begin the ECHO training program and after Module 10

Weekly Lectures:
• Each week you will view a narrated PowerPoint lecture by an expert in reproductive health and 

cancer. The lectures generally last from 25-35 minutes.

Weekly Case Studies:
• Immediately prior to and following each lecture, you will be asked to complete a brief case study that 

consists of a few multiple-choice questions or a response. The same questions will be asked at the 
beginning and the end to help us get a better sense of how learners may change their responses 
based on the information presented in the lectures.

Weekly Readings:
• Readings have been assigned for each module. More information on these assignments can be found 

on pages 25-27.

Training Assignments:
• During the course of the training program, there will be 2 assignments. The Interview Assignment is 

designed to help familiarize you with healthcare team members or organizations to which you can 
direct AYA patients. The Dream Big assignment provides an opportunity to create an action plan for 
providing optimal patient care in regard to reproductive health. For this assignment, participants will 
have the option to receive reviewer feedback. More information on these assignments can be found 
on pages 16-22. 

Weekly Discussion Board:
• Weekly discussion questions/videos will be posted to facilitate communication on training topics 

with other course participants. We ask that you participate in a minimum of 2 discussion boards
throughout the course of the program. 

Synchronous Discussion (optional):
• Throughout the course, we will be offering optional synchronous discussions with experts in the 

field of reproductive health and oncology.
• Participants will be notified of scheduled discussion dates/times ahead of time.

Information about Continuing Education Credits
• All learners who complete all requirements listed below are entitled to receive 20 continuing 

education credits. Additional information on continuing education accreditation is available 
on pages 23-24. 

• In order to obtain the credits, learners must:
• Complete the pre and post-tests (at the beginning and end of the course).
• Participate in 2 discussion boards
• Complete all course modules 
• Read all assigned readings
• Submit both course assignments
• Complete program evaluation

What kinds of activities will I do throughout the training?

ECHO OVERVIEW
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2023 ECHO TRAINING AT A GLANCE

Module Tasks Assessments and  

Assignments

Due Dates

Wk. 1: February 20-26

Getting Started

• Login to ECHO Training 

Platform

• Review training manual

• View orientation lecture

• Pretest February 20

Wk. 1: February 20-26

Module 1: Introduction to Reproductive Health 

• View lecture

• Assigned Readings

• Glossary Activity

Wk. 2: February 27- March 5

Module 2: Reproductive Health in Pre-Pubertal Children 

with Cancer

• View lecture

• Assigned readings

• Case study

• Discussion board

Wk. 3:  March 6-12

Module 3: Reproductive Health and Male AYA Patients: 

Fertility and Fertility Preservation

• View lecture

• Assigned readings

• Case study

• Discussion board

Wk. 4: March 13-19

Module 4: Reproductive Health and Female AYA 

Patients: Fertility and Fertility Preservation

• View lecture

• Assigned readings

• Case study

• Discussion board

Wk. 5: March 20-26

Module 5: AYA Psychosocial Issues

• View lecture

• Assigned readings

• Case study

• Discussion board

Wk. 6: March 27- April 2

Module 6: AYA Sexual Health

• View lecture

• Assigned readings

• Case study

• Discussion board

Wk. 7: April 3-9

Module 7: Practical Applications: Communication Issues 

in Cancer Reproductive Health Care

• View lecture

• Assigned readings

• Case study

Wk. 8: April 10-16

Module 8: Overcoming Reproductive Health System 

Barriers &

Module 9:  Funding a Fertility Preservation Program

• View lectures

• Case study

Wk. 9: April 17-24

Module 10: Providing Affirming Oncofertility Care to 

LGBTQIA Cancer Patients

• Glossary activity

• View lecture

• Case studies

• Action plan activity

Wk. 9: April 17-24

Wrap Up

• Ensure lectures 1-10 have 

been viewed

• Ensure all case studies are 

complete

• Interview Assignment

• Dream Big Assignment

• At least 2 discussion boards

• Post-Test

• Program evaluation

April 24
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WEEKLY OVERVIEW
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Week 1 (February 20-26)
Module 1: Getting Started & Introduction to Reproductive 
Health Issues among AYA Patients
To Do:

• Watch lecture “Using the ECHO Program” 
• Complete the course pre-test by February 20th

• Watch lecture by Susan Vadaparampil & Gwendolyn Quinn 

• Read week 1 assigned readings

• Complete the glossary activity

By the end of this week you will be able to:
• Demonstrate an understanding of the specific domains that comprise reproductive                                            

health relevant to adolescent and young adult  (AYA) patients 

• List the American Society of Clinical Oncology and National Comprehensive Cancer                                           
Network’s Guidelines relevant to the reproductive health of adolescent and young 
adult AYA patients.

Week 2 (February 27- March 5)
Module 2: Reproductive Health in Pre-Pubertal Children 
with Cancer

To Do:
• Watch lecture by Jennifer Levine

• Read week 2 assigned readings

• Complete this week’s case study 

By the end of this week you will be able to:
• Discuss the knowledge, attitudes, and practices of pediatric oncology providers 

regarding reproductive health, including ethical considerations, for pediatric 
patients

• Describe strategies for communicating about reproductive health with pediatric 
patients and families

• Identify patients who may benefit from additional support related to body image 
and friendship

• List decision and values clarification tools that may serve as support



• Watch lecture by Jennifer Mersereau

• Read week 4 assigned readings

• Complete this week’s case study 

By the end of this week you will be able to:
• Describe the physiological and psychosocial impact of cancer and treatments on AYA 

females reproductive health

• Identify current technologies and future directions for female FP

• Identify alternative family building options for female AYA patients

Week 3 (March 6-12)
Module 3: Reproductive Health and Male AYA Patients: 
Fertility and Fertility Preservation

To Do:
• Watch lecture by Akanksha Mehta

• Read week 3 assigned readings

• Complete this week’s case study 

By the end of this week you will be able to:
• Describe the physiological and psychosocial impact of cancer and treatments on     

reproductive health of AYA males

• Identify current technologies and future directions for male FP

• Identify alternative family building options for male AYA patients

Week 4 (March 13-19)
Module 4: Reproductive Health and Female AYA Patients: Fertility and 
Fertility Preservation
To Do:

WEEKLY OVERVIEW
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Week 5 (March 20-26)
Module 5: AYA Psychosocial Issues

To Do:
• Watch lecture by Kristine Donovan

• Read week 5 assigned readings

• Complete this week’s case study 

By the end of this week you will be able to:
• Identify the role of romantic partnerships, friendships, and body image in AYA 

cancer patients’ psychosocial development

• Discuss romantic partnerships in AYA and their impact on fertility preservation 
decision making

• Identify AYA supportive care needs

Week 6 (March 27- April 2)
Module 6: Sexual Health and Cancer

To Do:
• Watch lecture by Linda Krebs 

• Read week 6 assigned readings

• Complete this week’s case study 

By the end of this week you will be able to:
• Understand the importance of contraception for AYA patients on and off treatment 

• Provide AYA patients with credible, accurate, appropriate, and current 
information about reproductive health risks and options, HPV vaccine, premature 
ovarian insufficiency  (POI) (early menopause), and premature testicular failure

• Identify common AYA sexual intimacy concerns

• Understand BETTER and BLISS models

WEEKLY OVERVIEW
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Week 7 (April 3-9)
Module 7: Communication

To Do:
• Watch lecture specific to your profession 

• You may also watch lectures by those outside your profession on other reproductive 
health topics

• Read week 7 assigned readings

• Complete this week’s case study 

By the end of this week you will be able to (varied by profession):

Nurses
• Identify three key time points in which communication about fertility preservation should occur
• List individual stakeholders involved in reproductive health communication

Social Workers
• Identify all strategies in the BLISSS (Bring up the topic of sexuality; Listen to Individual’s 

experience and knowledge; Support the patient and partner; Stimulate and encourage patient-
partner communication; Supply individualized information, suggestions and resources; refer as 
appropriate model)

Physician Assistants 
• Identify all strategies in the AIDED model (Assess patient's general understanding of their 

diagnosis and their potential impact on fertility as well as current and future desires for parenting; 
Introduce the topic of fertility and why you are discussing this topic; Describe potential impact of a 
cancer diagnosis and/or treatment on fertility and available options to assess current fertility and 
future biological and non-biological parenting options; Explain the timeline for assessing fertility 
and pursuing future parenting options and refer to relevant specialists; Discuss and provide 
patients with information and offer support to facilitate decisions about fertility preservation)

Psychologists
• Considerations for clinicians in developing and prioritizing fertility preservation counseling 

objectives when working with adolescents newly diagnosed with cancer and their parents
• Identification of strategies for assessing sperm banking candidacy and delivering 

psychoeducational interventions among adolescent males newly diagnosed with cancer
• Exposure to successful communication techniques and key discussion points to be reviewed when 

working therapeutically with adolescent males at risk for infertility secondary to cancer therapy 
• Modeling of effective communication while supporting parents and families during the process of 

fertility preservation decision-making

WEEKLY OVERVIEW
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Week 8 (April 10-16) 

Module 8: Overcoming Reproductive Health System Barriers

To Do:

WEEKLY OVERVIEW

• Watch lecture by Danielle Morley

• Case study

By the end of this week you will be able to:
• Define the steps involved in building a fertility preservation program

• Describe the functions of a team in discussing reproductive health, contraception, sexual intimacy 
concerns, and psychosocial issues

• Describe the lessons learned (barriers and facilitators) in building a program and creating teams  

• Describe personal involvement in making changes to practice and policy to address barriers to 
reproductive health care and fertility preservation options for patients
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Week 8 (April 10-16) 
Module 9: Funding a Fertility Preservation Program

To Do:
• Watch lecture by Lesley Breech & Scott Byington

By the end of this week you will be able to:
• Identify insights on how to build a business case for funding a fertility 

preservation program



Week 9 (April 17-24)

Module 10: Providing Affirming Oncofertility Care 

to LGBTQIA Cancer Patients

WEEKLY OVERVIEW

To Do:
• Complete glossary activity

• Watch lecture by Dr. Rebecca Block

• Complete case studies and Action Plan activity

• Read week 9 assigned readings

By the end of this pilot module you will be able to:
• Identify disparities in health and healthcare for LGBTQIA adolescents and young adults (AYA).
• Understand barriers to affirming cancer care for LGBTQIA AYA cancer survivors.
• Learn skills to provide the most relevant and responsive reproductive health care to AYA LGBTQIA 

cancer survivors.
• Learn how to address system-level barriers to quality reproductive health care for LGBTQIA AYA.
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Week 9 (April 17-24)
Wrap Up*

Ensure all  training activities are complete:
• Watch lectures 1-10

• Complete all case studies

• Submit an Interview with a healthcare team member or organization assignment 

and Dream Big assignment. Additional information about these assignments is 
available on pages 17-23. 

• Participate in at least 2 discussion boards

• Complete posttest

• Complete program evaluation

*This submission week illustrates the last week to complete and submit 
course requirements before the deadline. You can turn in assignments 
ahead of time if you choose. If at any point in the course, you think you 
will have difficulty meeting these deadlines, please contact the Lead 
Program Coordinator, Dona Jalili at echotorch@nyulangone.org or 
dona.jalili@nyulangone.org. 

mailto:echotorch@nyulangone.org
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ASSIGNMENT: INTERVIEW WITH A HEALTH CARE WORKER OR ORGANIZATION 

Interview Assignment

Due: April 24, 2023

Objective: The purpose of this assignment is for you to learn more about an AYA reproductive health 

issue from the perspective of a profession other than your own or an organization (local, state, regional 

or national) that may provide this type of support to patients.

Method: You will conduct an interview with a health care worker, outside of your own profession or an 

organization. The organization should provide support to adolescent and young adult cancer patients.  

The interview can be in-person, by telephone, or zoom.

Deliverable: Completed Interview Assignment. This assignment is split into four components that will be 
submitted all at once. The submission form is located under the Wrap up Module on the ECHO Course 
Page of the ECHO website. 

The following pages will provide a breakdown of each of the four components and provide further 

instructions and examples. 

Sample Interview questions:

1. What is your job description or role in the organization?

2. What is your relationship to AYA?

3. What service(s) do you provide to AYA?

4. How is reproductive health related to your job/organization? 

16

We recommend working on this assignment during the duration of the course.



ASSIGNMENT: INTERVIEW WITH A HEALTH CARE WORKER OR ORGANIZATION 

Component 1: Identify your Reproductive Health Topic for the Interview

Identify the reproductive health issue that you want to learn more about.  Think of an issue that is 
relevant to the adolescent and young adult population you work with and your personal experiences.  
Choose a topic that is important to you.  A few examples are:

• Promoting positive body image for adolescent and young adult population
• Ability of adolescent and young adult population to make decisions
• Use of technology to provide support to adolescent and young adult population
• Differences in communication about fertility preservation with adolescent and young adult females 

and males

These topics are provided only as examples, feel free to choose the topic most important to your patients 
and/or practice setting.  Some students will know immediately what topic they want to focus on and 
others will need to investigate potential topics. Looking over the modules covered in the ECHO 
curriculum may help you to select a topic. 
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ASSIGNMENT: INTERVIEW WITH A HEALTH CARE WORKER OR ORGANIZATION 

Component 2: Identify Interviewee--Health Care Team Member or Organization 

You will focus on identifying a health care team member or organization you will interview to learn more 

about the topic you identified.  

Examples of  health care team members could be:

 Reproductive endocrinologist

 Clinical psychologist

 Social worker

 Adoption agency

 Nurse

Examples of organizations could be:

 Look Good Feel Better for body image

 Oncofertility Consortium for fertility preservation 

 Stupid Cancer for concerns related to relationship and dating

Again, these are just examples and you should feel free to choose the most appropriate interviewee. 

After the health care team member or organization is chosen, you should begin to reach out to a specific 

person to interview.  Personal connections are one of the best ways to identify a contact person. Emails 

and calls would also be appropriate once you have narrowed down the specific unit or department where 

the person works.  Regardless of how you choose the health care organization, make sure you tell them 

why you are contacting them, approximate length of the interview, and what will happen with the 

information.  For example, “I was selected to complete the ECHO training, which is a course on 

communication regarding reproductive health issues for adolescent and young adult cancer patients.  One 

of my assignments is to interview a health care team member about XXX.  The interview would be no longer 

than 30 minutes and I am happy to set this up at a time most convenient for you.  After the interview, I will 

write a summary and submit it to the ECHO team in a secured electronic learning system. Is this something 

you would consider participating in?”
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ASSIGNMENT: INTERVIEW WITH A HEALTH CARE WORKER OR ORGANIZATION  

Component 3: Develop Interview Guide

You will focus on writing the interview guide.  Given that the person you interview will likely be busy you 
should only develop 4-5 interview questions in advance of the interview. Questions will be adapted to 
your topic, but here are a few examples of questions:

 How do you communicate with adolescent and young adult patients about this issue?

 What do you think is important to discuss with your patients in regard to this issue?

 When you discuss this issue with patients, how do you refer to other resources or include other staff 

in the discussion?

 How does your organization address this issue with adolescent and young adult patients?

 How do you use social media to reach adolescent and young adult patients about this issue? 

Notice that when developing the interview questions you should start with How, Why, What, or Give an 
Example of.  Interview questions that can be answered with Yes or No will not lead to interesting 
responses.  Once you have written the 4 or 5 questions, you should move the most important ones to the 
top, as you could run out of time.  

Finally, you need to create an interview guide.  An example interview guide is provided below.  Notice 
that it has: 1) opening remarks, 2) 4-5 interview questions, and 3) closing remarks.

“Thank you for meeting with me today.  I would like to ask you a few questions on “insert your reproductive 
health issue”.  The interview should take about 30 minutes and if you are not comfortable answering a 
question just let me know and I will skip to the next one.  Is it alright if we begin?

1. What is your role in dealing with patients in regards to “your reproductive health issue”?

2. What do you think are important topics to discuss in regards to “your reproductive health issue”?

3. When you discuss this topic with patients, do you have resources you provide them?

Thank you so much for talking to me today.  I will write up a summary of this for my class, but it will only be 
read by my instructors.”
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ASSIGNMENT: INTERVIEW WITH A HEALTH CARE WORKER OR ORGANIZATION  

Component 4: Final Reflection

Write a reflection on your experiences on conducting the interview.  Your reflection should comment not 

only on the answers to the questions, but your impressions of the answers and what the whole 

experience meant to you.  This should be a balanced reflection that should include both strengths and 

limitations related to how your interviewee or organization addressed your topic of interest for 

adolescent and young adult patients.  You may also comment on what you would have done differently.  

Please include the following in your reflection

 Reproductive health issue

 Profession of health care team member name or name of organization and title/position of person 

interviewed

 Date of interview

 Method of interview (in person, telephone, Zoom)

Deliverable: Completed Interview Assignment (includes all four components). The submission form is 
located under the Wrap up Module on the ECHO Course Page of the ECHO website. 

Due: April 24, 2023
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ASSIGNMENT: DREAM BIG! 

Assignment: Dream Big!

Due: April 24, 2023

Objective: The purpose of this assignment is for you to describe the best scenario for adolescent and 
young adults in your patient population and to think through what tasks would need to happen for 
that scenario to be realized. Once you have created your Action Plan, you will have the foundation to 
implement into your workplace. This is not a requirement, but rather a suggestion for leveraging the 
work you’ve done on this assignment.  

Method: Create an Action Plan that would lead to optimal care for adolescent and young adults in 
your patient population.

Action Plan
Throughout this training program you have learned about reproductive health for adolescent and 
young adults with cancer.  While learning about this important topic, you most likely started thinking 
about what your own organization is currently doing and what it could be doing for these patients.  
Developing an Action Plan allows you to think about what the most optimal care for adolescent and 
young adults would look like in your organization.  The Action Plan allows you to break down this 
optimal scenario into smaller tasks, some of which may be achievable in the short or long term.  The 
Action Plan also requires you to think about who would be responsible for completing the task and 
what resources would be needed.  

For further guidance, review the Action Plan Template provided on the next page. You are welcome to 
work with another person in your organization but remember this is an exercise to think big and you 
should be careful of receiving negative input that might cause you to not include an important task. 

The most effective Action Plans are also measurable.  It is important that you think about how you will 
know that the Action Plan has been successful.

Deliverable: Completed Action Plan. The submission form is found under the Wrap up Module on the 
ECHO Course Page of the ECHO website (action plan template below is for your reference only).  

*Assignment Feedback (optional): Participants interested in receiving feedback from our ECHO Experts
for their Dream Big Assignment will receive feedback in 6-8 weeks after the course deadline.
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ASSIGNMENT: DREAM BIG!
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Purpose: To create an Action Plan that would lead to optimal care for adolescent and young adults with cancer in your 

organization

Directions: Complete the Action Plan with as specific information as possible

Action Plan

Goal: Describe what you think optimal care could be like in your organization.  Consider the what this could be like for 

patients, support (family/friends), providers, and administration.

Tasks Person Responsible Resources Needed

1

2

3

4

5

How will you know if your Action Plan has been successful (i.e., what signs or indicators would you look for)?

If you needed to evaluate the Action Plan, how would you do that (i.e., what data would you need, how would you create 

benchmarks)?

If you wanted this Action Plan to actually be implemented, what are the next steps you would take?

Dream Big Action Plan – TEMPLATE ONLY

Please note, assignment reviews will not begin until after the last day of the ECHO Training Course and can take up to 6 weeks. If 
you choose to have your assignment reviewed by one of our ECHO content experts, your submission will be confidential and 
not shared with anyone beyond the ECHO team. Please feel free to contact us at echotorch@nyulangone.org with any questions 
or concerns regarding the peer review process.

 I would like my assignment to be reviewed and to receive feedback from the ECHO Experts. Feedback will be 
provided 6-8 weeks after the course deadline.



CONTINUING EDUCATION CREDITS
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Our accrediting group, Amedco, has provided us the right to award 23.25 continuing education credits. In order to 
obtain the credits, learners must:
• Complete the pre and post-tests (at the beginning and end of the course)**
• Participate in 2 discussion boards
• Complete all required readings
• Submit both course assignments
• Complete program evaluation

**Participants seeking APA credits must also complete an additional APA-required post-test

Joint Accreditation Statement
In support of improving patient care, this activity has been planned and implemented by Amedco LLC and New York 
University School of Medicine.  Amedco LLC is jointly accredited by the Accreditation Council for Continuing Medical 
Education (ACCME), the Accreditation Council for Pharmacy Education (ACPE), and the American Nurses Credentialing Center 
(ANCC), to provide continuing education for the healthcare team.

Satisfactory completion**
Learners must listen to each self-directed audio recording while following along with the visual slides/read the articles, pass 
the post-test with a score of 80% or higher and complete an evaluation form to receive a certificate of completion. Your 
chosen sessions must be attended in their entirety. You must participate in the entire activity as partial credit is not available. 
If you are seeking continuing education credit for a specialty not listed below, it is your responsibility to contact your 
licensing/certification board to determine course eligibility for your licensing/certification requirement.

**Only Psychologist (APA) are required to take the additional posttest to receive their credit (passing score of 80% 
or higher). 

Physicians (ACCME) Credit Designation
Amedco LLC designates this enduring material for a maximum of 23.25 AMA PRA Category 1 CreditsTM. Physicians should 
claim only the credit commensurate with the extent of their participation in the activity. 

Nurses (ANCC) Credit Designation
Amedco LLC designates this activity for a maximum of 23.25 ANCC contact hours.

Psychologists (APA) Credit Designation
This course is co-sponsored by Amedco and New York University School of Medicine. Amedco is approved by the American 
Psychological Association to sponsor continuing education for psychologists. Amedco maintains responsibility for this 
program and its content. 23.25 hours.

The following state boards accept courses from APA providers for Counselors: AK, AL, AR, AZ, CA, CO, CT, DC, DE, FL, GA, 
HI, IA, ID, IL, IN, KS, KY, MD, ME, MO, NC, ND, NH, NE, NJ, NM, NV, OK*, OR, PA, RI, SC, SD, TN, TX, UT, VA, WI, WY
MI: No CE requirements.
*OK: Accepts APA credit for live, in-person activities but not for ethics and/or online courses.
The following state boards accept courses from APA providers for MFTs: AK, AR, AZ, CA, CO, CT, DE, FL, GA, IA, ID, IN, KS,
MD, ME, MO, NE, NC, NH, NJ, NM, NV, OK*, OR, PA, RI, SC, SD, TN, TX, UT, VA, WA, WI, WY
AL MFTs: Credits authorized by NBCC or any other state licensing agency will be accepted.
MA MFTs: Participants can self-submit courses not approved by the MAMFT board for review.
The following state boards accept courses from APA providers for Addictions Professionals: AK, AR, CO, CT, DC, DE, GA,
IA, IN, KS, LA, MD, MO, MT, NC, ND, NE, NJ, NM, NY (held outside NY ONLY), OK*, OR, SC, UT, WA, WI, WY
The following state boards accept courses from APA providers for Social Workers: AK, AR, AZ, CA, CO, DE, FL, GA, ID, IN,
KY, ME, MN, MO, NE, NH, NM, OR, PA, VT, WI, WY
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Social Workers (ASWB) Credit Designation
As a Jointly Accredited Organization, Amedco is approved to offer social work continuing education by the Association of 
Social Work Boards (ASWB) Approved Continuing Education (ACE) program. Organizations, not individual courses, are 
approved under this program. State and provincial regulatory boards have the final authority to determine whether an 
individual course may be accepted for continuing education credit. Amedco maintains responsibility for this course. Social 
Workers completing this course receive 23.25 GENERAL continuing education credits.

The following state boards accept courses offering ASWB ACE credit for Social Workers: AK, AL, AR, AZ, CA, CO, CT, 
DC, DE, FL, GA, HI, ID, IL, IN, IA, KS, KY, LA, ME, MD, MA, MI, MN, MS, MO, MT, NC, ND, NE,  NH, NM, NV, OH, OK*, OR, PA, RI,
SC, SD, TN, TX, UT, VT, VA, WA, WI, WV*, WY 
*OK: Accepts ASWB ACE for live, in-person activities but not for ethics and/or online courses.
*WV: Accepts ASWB ACE unless activity is held live in West Virginia.
The following state boards accept courses offering ASWB ACE credit for Counselors: AK, AR, AZ, CA, CO, CT, DC,
FL, GA, IA, ID, IL, IN, KS, MA, MD, ME, MO, ND, NE, NM, NH, NV, OK*, OR, PA, TN, TX, UT, VA, WI, WY
AL: Activities without NBCC approval may be approved upon receipt of documentation prior to the activity BEFORE the
event. No approvals afterward by the board.
MI: No CE requirement
The following state boards accept courses offering ASWB ACE credit for MFTs: AK, AR, AZ, CA, CO, FL, IA, ID, IN, KS,
MD, ME, MO, NC, NE, NH, NM, NV, OK*, OR, PA, RI, TN, TX, UT, VA, WI, WY
AL MFTs: Credits authorized by NBCC or any other state licensing agency will be accepted.
MA MFTs: Participants can self-submit courses not approved by the MAMFT board for review.
MI: No CE requirement.
The following state boards accept ASWB ACE credit for Addictions Professionals: AK, CA, CO, CT, GA, IA, IN, KS, LA,
MO, MT, ND, NM, NV, OK, OR, SC, WA, WI, WV, WY

New York Board for Social Workers (NY SW)
Amedco SW CPE is recognized by the New York State Education Department’s State Board for Social Work as an approved 
provider of continuing education for licensed social workers #0115. 23.25 hours.

New York Board for Psychology (NY PSY)
Amedco is recognized by the New York State Education Department’s State Board for Psychology as an approved provider 
of continuing education for licensed psychologists #PSY-0031. 23.25 hours.
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Module Assigned Readings

Module 1: Introduction to 

Reproductive Health 

Issues among AYA 

Oncology Patients 

(February 20-26)

Required

1. Chapter 1: Fertility Risk with Cancer Therapy (textbook: pages 4-14)

2. Chapter 2: Childhood, Adolescent, and Young Adult Cancer: Fertility

Implications and Clinical Practice (textbook: pages 15-22)

Optional

1. Inconsistent Mandated Access to Fertility Preservation (article)

2. Fertility Preservation in Patients with Cancer: ASCO Clinical Practice Guideline

Update  (article)

Module 2: Reproductive 

Health and Pre-Pubertal 

Children

(February 27- March 5)

Required

1. Chapter 9: Fertility Preservation Options for Female Pediatric and Adolescent

Oncology Patients (textbook: pages 103-114)

2. Chapter 25: The Birds and the Bees and the Bank: Talking with Families About

Future Fertility Amidst a Cancer Diagnosis (textbook: pages 297-304)

3. Chapter 33: Fertility Preservation and Restoration in Pediatric Males

(textbook: pages 385-394)

Optional

1. Fertility Preservation in Boys: Recent Developments and New Insights

(article)

2. A European Perspective on Testicular Tissue Cryopreservation for Fertility

Preservation in Pre-Pubertal and Adolescent Boys (article)

Module 3: Reproductive 

Health and Males: 

Fertility and Fertility 

Preservation

(March 6-12)

Required

1. Chapter 11: Options for Fertility Preservation (textbook: pages 121-136)

2. Chapter 17: Male Fertility Preservation: Current Options and Advances in

Research  (textbook: pages 209-228)

Optional

1. Ethical, Moral, and Theological Insights into Advances in Male Pediatric and

Adolescent Fertility Preservation (article)

Module 4: Reproductive 

Health and Females: 

Fertility and Fertility 

Preservation

(March 13-19)

Required

1. Chapter 6: Embryo and Oocyte Banking (textbook: pages 71-80)

2. Chapter 7: Ovarian Tissue Cryopreservation and Transplantation (textbook:

pages 81-88)

3. Chapter 8: Surgical and Pharmacologic Fertility Preservation: The Role of Ovarian

Transposition and Medical Suppression (textbook: pages 89-102)

Optional

1. Pregnancy After Breast Cancer in Patients with Germline BRCA Mutations

(article)

2. Birth Outcomes Among Adolescent and Young Adult Cancer Survivors (article)

Assigned Readings
Each module has corresponding assigned readings to enhance and reinforce the course content. Required 
Readings are compiled from chapters from the course textbook, Textbook of Oncofertility Research and 
Practice: A Multidisciplinary Approach. Optional Readings are included in the training manual. 
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Module Assigned Readings

Module 5: AYA 

Psychosocial Issues

(March 20-26)

Required
1. Chapter 23: Psychosocial Impact of Cancer-Related Infertility (textbook:

pages 281-288)
Optional
1. Normative Social Support in Young Adult Cancer Survivors (article)

2. Psychosocial Issues for Adolescent and Young Adult Cancer Patients in a
Global Context: A Forward-Looking Approach (article)

Module 6: Sexual 

Health

(March 27- April 2)

Required

1. Chapter 13: Contraception and Menstrual Suppression for Adolescent and
Young Adult Oncology Patients (textbook: pages 153-176)

2. Chapter 14: Female Sexual Function in Childhood, Adolescent, and Young
Adult Cancer Survivors (textbook: pages 177-190)

3. Chapter 18: Male Sexuality (textbook: pages 229-244)
Optional
1. Sexuality and Cancer: The Experience of Adolescents and Young Adults

(article)

Module 7: 

Communication

(April 3-9)

Required
1. Chapter 21: The Fertility Preservation Consult (textbook: pages 266-270)

2. Chapter 26: Patient and Family Tools to Aid in Education and Decision-
Making About Oncofertility (textbook: pages 305-316)

Optional

1. Fertility and Fertility Preservation: Scripts to Support Oncology Nurses in
Discussions with Adolescent and Young Adult Patients (article)

2. A Qualitative Study of Sexual and Reproductive Health Communication
with Adolescent and Young Adult Oncology Patients (article)

3. The need for reproductive and sexual health discussions with adolescent
and young adult cancer patients (article)

Module 8: Overcoming 

System Barriers to 

Reproductive Health

(April 10-16)

Required
1. Chapter 19: Setting Up an Oncofertility Program (textbook: pages 245-

254)
2. Chapter 20: Building a Pediatric Oncofertility Practice (textbook: pages

256-262)
Optional
1. Sink or Collaborate: How the Immersive Model Has Helped Address Typical

Adolescent and Young Adult Barriers at a Single Institution and Kept the
Adolescent and Young Adult Program Afloat (article)

Module 9: Funding a 

Fertility Preservation 

Program

(April 10-16)

Required
1. Chapter 27: Establishing Insurance Coverage for Iatrogenic Infertility

(textbook: pages 317-332)
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Module Assigned Readings

Module 10: LOVE

ECHO

(April 17-24)

Required
1. Chapter 31: The Importance of Disclosure for Sexual and Gender Minorities

in Oncofertility Cases (textbook: pages 363-374)

Optional

1. Oncologists’ experiences caring for LGBTQ patients with cancer: Qualitative
analysis of items on a national survey (article)

2. Health care provider perceptions of fertility preservation barriers and
challenges with transgender patients and families: qualitative responses to
an international survey (article)
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Current Commentary

Inconsistent Mandated Access to
Fertility Preservation
A Review of Relevant State Legislation

Megan R. Sax, MD, Zoran Pavlovic, MD, and Alan H. DeCherney, MD

With improvement in cancer therapies, there has been

an increasing emphasis on survivorship, including op-

tions for fertility preservation. Fertility preservation is the

process of either protecting or saving gametes or

reproductive tissues for potential future procreation.

Methods and outcomes of fertility preservation have

similarly been rapidly advancing. Before initiation of

gonadotoxic therapy, health care providers must con-

sider future fertility of patients and provide options for

fertility preservation. Nonetheless, the cost of fertility

preservation can be prohibitory. Depending on a pa-

tient’s state of residence, insurance may be mandated to

cover, or offer to cover, the cost of fertility preservation.

State legislation continues to change; however, legisla-

tion at the federal level has been proposed to make this

coverage more cohesive. This commentary reviews cur-

rent state legislation regarding mandates to cover the

cost of fertility preservation for patients at risk for iatro-

genic infertility and outlines the importance of develop-

ing federal legislation to improve patient access to care.

(Obstet Gynecol 2020;135:848–51)

DOI: 10.1097/AOG.0000000000003758

InMay, 2018, the Access to Infertility Treatment and
Care Act (House Bill 5965 and Senate Bill 2920)

was introduced to Congress by Senator Cory Booker
(D-NJ) and Representative Rosa DeLauro (D-CT) but
was not enacted.1,2 This was the first attempt at the
federal level to cohesively protect and provide care to
patients with infertility, after decades of work at the
state level. This legislation would have required pri-
vate insurers and various government plans offered at
the group and individual level to cover infertility
treatment, including fertility preservation for patients
undergoing potentially gonadotoxic therapy, such as
in the case of cancer therapy.1–3 Although there have
been many strides at the state level, with 17 states
(Table 1) having passed legislation mandating insur-
ance coverage or offer to cover for infertility diagnosis
and treatment since the 1980s, only seven states
(Table 2) currently mandate coverage in instances of
fertility preservation.4,5

Fertility preservation has gained significant inter-
est as advancements in oncology, hematology, and
care of unique endocrine populations have allowed
for improved survival and consideration for patients’
future fertility. This is specifically well-illustrated in
pediatric oncology, where the 5-year survival rate
has increased from 55% in the 1970s to 83% as of
2011.6 Additionally, with an estimated 1 in 750 adults
becoming childhood cancer survivors by the year
2020, it is crucial to develop biologically and fiscally
feasible options for patients to pursue fertility preser-
vation.7 Multiple cancer therapies, including radiation
and chemotherapy, compromise reproductive func-
tion through gamete destruction or loss of pituitary
and gonadal hormone production.8 Although oocytes
are more resistant to radiation by virtue of not actively
undergoing mitosis, they are still sensitive to radiation
therapy. Less than 2 gray is required to destroy 50% of
human oocytes, and the effective sterilizing dose of
radiation is inversely proportional with age, with only
16.5 gray required at age 20.8 Therefore, ionizing
radiation used for treatment of various childhood
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and adolescent cancers is a significant component of
iatrogenic infertility, with long-term quality-of-life ef-
fects. For this reason, fertility preservation methods
are often targeted at preserving gametes. In the female
patient, gamete preservation may include oocyte,
embryo, or ovarian tissue cryopreservation; a sparing
procedure may consist of ovarian transposition sur-
gery before radiation therapy or ovarian suppression
before receiving chemotherapy.8 Similarly, for the
male patient, options include sperm, embryo, or tes-
ticular tissue cryopreservation and testicular shielding
in radiotherapy.

Although many investigators, physicians, and
research teams have contributed to the advancement
of fertility preservation, the multidisciplinary and
institutional collaboration through the Oncofertility
Consortium has provided an important platform for
the evolution of reproductive technologies and stan-
dardization of protocols within this field.3 This pro-
gram has organized and expanded on the
understanding and management of potential cancer
treatment sequelae on reproductive health. Despite
enhancing the interdisciplinary model to encourage
inclusion of fertility preservation providers on the
oncology team, the Consortium has demonstrated
that patients continue to have confusion surrounding
fertility risk after treatment.9 An even more significant

factor deterring individuals from pursuing fertility
preservation is the potentially high cost of services,
especially for women. Although sperm banking with
storage fees may cost several hundred dollars, oocyte,
embryo, or gonadal tissue cryopreservation may
exceed $10,000.3 For individuals who require donor
gametes, embryos, or surrogacy, expenses can rise
beyond $100,000.10

It is not only oncology patients who may be
rendered infertile from lifesaving therapy and faced
with debilitating costs either before or after treatment
if they desire childbearing. Other common nononco-
logic causes of infertility may be rheumatologic,
hematologic, or endocrine in etiology. Gonadotoxic
agents are frequently used to treat systemic lupus
erythematosus as well as other autoimmune diseases,
and hematologic disorders such as thalassemia major,
sickle cell anemia, aplastic anemia, Fanconi anemia,
and myeloproliferative diseases may require bone
marrow transplantation or hematopoietic stem cell
transplantation.11 Gender-affirming hormone therapy
for transgender individuals or individuals with differ-
ences in sex development similarly pose a threat to
future fertility. Although legislation surrounding fer-
tility preservation frequently includes those receiving
gonadotoxic therapies, unique populations receiving
gender-affirming hormones may not be clearly

Table 1. Infertility Coverage by State

State
Mandate to

Cover
Mandate to

Offer
Includes IVF
Coverage

Excludes IVF
Coverage

IVF Coverage
Only

Includes Fertility
Preservation

Arkansas ✓ ✓
California ✓ ✓ ✓
Connecticut ✓ ✓ ✓
Delaware ✓ ✓ ✓
Hawaii ✓ ✓
Illinois ✓ ✓ ✓
Louisiana ✓
Maryland ✓ ✓ ✓
Massachusetts ✓ ✓
Montana ✓
New Jersey ✓ ✓
New York ✓ ✓
Ohio ✓
Rhode Island ✓ ✓ ✓
Texas ✓ ✓
Utah ✓
West Virginia ✓

IVF, in vitro fertilization.
Data from RESOLVE: The National Infertility Association. Infertility coverage by state. Available at: https://resolve.org/what-are-my-options/

insurance-coverage/infertility-coverage-state/. Retrieved September 27, 2019.17 Also modified with permission from American Society
for Reproductive Medicine. ReproductiveFacts.org. State infertility insurance laws. Available at: https://www.reproductivefacts.org/re-
sources/state-infertility-insurance-laws/. Retrieved September 27, 2019.18 RESOLVE is a non-profit 501(c)3 national patient advocacy
organization. Any state not in the above list does not have existing legislation requiring insurance coverage for infertility treatment.
Information cited in this table is consistent with present legislation as of December 2019.
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defined to receive coverage. For example, in Connect-
icut, fertility preservation limits coverage to patients
in whom treatment is medically necessary, as opposed
to Rhode Island, which specifies coverage for fertility
preservation in all cases of iatrogenic infertility.12 This
clarification is essential to regulate patient coverage
rather than requiring health care providers or insurers
to distinguish what qualifies as medically necessary.

An interesting example of legislation providing
coverage for an iatrogenic condition is breast recon-
structive surgery after lumpectomy or mastectomy
through the 1998 Women’s Health and Cancer Rights
Act, requiring coverage of surgical resection as well as
breast reconstruction.13 Although fertility preserva-
tion coverage has been estimated to cost 10% of the
cost of providing breast reconstruction, with $1 billion
required each year for coverage of breast reconstruc-
tion in the United States (as opposed to the projected
$3.8–12.7 million for fertility preservation), there is
still hesitation from health care providers and politi-
cians to expand mandated coverage.14 Although some
practitioners may not support insurance coverage
owing to concerns about lower reimbursement or
increased bureaucracy, prior studies have demon-
strated that most health care providers are actually
in support of mandated coverage.15 In fact, recent

survey results from the Society for Assisted Reproduc-
tive Technology revealed that 95% of participating
programs supported mandated insurance for cancer
patients and patients predisposed to genetic condi-
tions; 78% supported coverage for the general popu-
lation and 62% for transgender patients.15

Despite the support of medical care providers and
select politicians, fertility preservation legislation con-
tinues to not be prioritized at the federal level. On
May 16, 2019, Representative DeLauro introduced
House Bill 2803, the Access to Infertility Treatment
and Care Act, to the 116th Congress; however,
according to Skopos Labs, this bill has a 3% chance
of being enacted.16 Alternatively, new mandates at the
state level, though promising, apply only to privately
insured individuals, and not those with federal health
plans, and would create provisions to the Affordable
Care Act requiring states to cover the cost.12 These
state amendments may also include a “mandate to
offer,” which would require insurance companies to
offer certain infertility care coverage for purchase,
rather than a “mandate to cover,” which requires
health insurance companies to include infertility treat-
ment as a benefit in every policy, with the policy pre-
mium including the cost of infertility treatment
coverage (Table 1).3 Furthermore, in states where laws

Table 2. Fertility Preservation Coverage by State

State Fertility Preservation Coverage Active Legislation Inactive Legislation

Arizona ✓
California ✓
Connecticut ✓
Delaware ✓
Hawaii ✓
Illinois ✓
Kentucky ✓
Louisiana ✓
Maryland ✓
Massachusetts ✓
Mississippi ✓
Missouri ✓
Nebraska ✓
New Hampshire ✓
New Jersey ✓
New York ✓
North Dakota ✓
Oregon ✓
Rhode Island ✓
Texas ✓
Vermont ✓

Data from Alliance for Fertility Preservation. State legislation. Available at: https://www.allianceforfertilitypreservation.org/advocacy/state-
legislation. Retrieved September 27, 2019.5

The Alliance for Fertility Preservation is a non-profit 501(c)3 charitable organization. Any state not listed in this chart either has no coverage
or no legislation mandating coverage of fertility preservation for potential iatrogenic infertility. Information cited in this table is consistent
with present legislation as of December 2019.
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mandate coverage of fertility care, exemptions for self-
insured plans may still prevent many patients from
receiving coverage. The American Society for Repro-
ductive Medicine has recently partnered with
RESOLVE: The National Infertility Association to
collaboratively tackle and advocate for these issues.

In the interim, proposals to amend existing state
legislation may be the most efficacious way to provide
patients with broader access to fertility preservation.
One example is by mandating inclusion of fertility
preservation as an extension of cancer treatment or
establishing coverage for iatrogenic infertility.12 This
alternative method is rapidly gaining support from
practitioners in reproductive health and oncology in
collaborative efforts, such as the Coalition to Protect
Parenthood after Cancer.12 This coalition aims to
change policy to achieve fertility preservation cover-
age by insurance companies.

With inconsistent state coverage of fertility pres-
ervation, equal access to fertility preservation care
remains challenging for patients and providers. The
fate of a patient’s fertility should not be governed by
state lines. Health care providers and patients may
work together to drive legislation to make insurance
policies more inclusive and comprehensive. To learn
more about current or pending legislation by state,
patients and practitioners are encouraged to call their
state representatives or state insurance commis-
sioner’s office. It is imperative for health care pro-
viders to remain vigilant of the ever-changing
political environment as new state and federal legisla-
tion pertaining to fertility preservation is introduced.
Being familiar with developing legislation allows
health care providers to be knowledgeable about fer-
tility preservation options and informed patient advo-
cates. Although legislation at the federal level would
statutorily provide nationwide, comprehensive fertil-
ity preservation coverage, legislative change at the
state level seems to be more proximate. We are opti-
mistic that, with continued data collection and the
collaboration of current foundations, health care pro-
viders and legislators will come together to find com-
mon cause and workable solutions in protecting
patients’ future abilities to bear children when facing
gonadotoxic therapy.
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A B S T R A C T

Purpose
To provide current recommendations about fertility preservation for adults and children with cancer.

Methods
A systematic review of the literature published from January 2013 to March 2017 was completed
using PubMed and the Cochrane Library. An Update Panel reviewed the identified publications.

Results
There were 61 publications identified and reviewed. None of these publications prompted a sig-
nificant change in the 2013 recommendations.

Recommendations
Health care providers should initiate the discussion on the possibility of infertility with patients
with cancer treated during their reproductive years or with parents/guardians of children as early
as possible. Providers should be prepared to discuss fertility preservation options and/or to refer all
potential patients to appropriate reproductive specialists. Although patients may be focused
initially on their cancer diagnosis, providers should advise patients regarding potential threats to
fertility as early as possible in the treatment process so as to allow for the widest array of options
for fertility preservation. The discussion should be documented. Sperm, oocyte, and embryo
cryopreservation are considered standard practice and are widely available. There is conflicting
evidence to recommend gonadotrophin-releasing hormone agonists (GnRHa) and other means of
ovarian suppression for fertility preservation. The Panel recognizes that, when proven fertility
preservation methods are not feasible, and in the setting of young women with breast cancer,
GnRHa may be offered to patients in the hope of reducing the likelihood of chemotherapy-induced
ovarian insufficiency. GnRHa should not be used in place of proven fertility preservation methods.
The panel notes that the field of ovarian tissue cryopreservation is advancing quickly and may
evolve to become standard therapy in the future. Additional information is available at www.asco.
org/survivorship-guidelines.

J Clin Oncol 36:1994-2001. © 2018 by American Society of Clinical Oncology

INTRODUCTION

The goal of this update is to provide oncologists,
other health care providers, and caregivers with
recommendations regarding fertility preservation
for adults, adolescents, and children with cancer.

The American Society of Clinical Oncol-
ogy (ASCO) first published evidence-based
clinical practice guidelines on fertility preser-
vation in 2006, and an updated guideline was
published in 2013.1 The goal of this 2018
guideline update is to provide current guidance
regarding fertility preservation options for
people with cancer anticipating treatment. The
current 2018 update assesses whether the 2013

recommendations remain valid. A complete list of
2013 and 2018 recommendations is available at
www.asco.org/survivorship-guidelines and in Data
Supplement 1.

METHODS

Guideline Update Process
ASCO uses a signals2 approach to facilitate

guideline updating. This approach is intended to identify
new, potentially practice-changing data—signals—that
might translate into revised practice recommenda-
tions. The approach relies on routine literature searching
and the expertise of ASCO guideline panel members
to identify signals. The Methodology Supplement
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THE BOTTOM LINE

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

Guideline Question
What are fertility preservation options for patients with cancer who will receive anticancer treatment?

Target Population
Patients with cancer at risk for infertility due to anticancer treatment.

Target Audience
Medical oncologists, radiation oncologists, gynecologic oncologists, urologists, hematologists, pediatric oncologists, surgeons, nurses,
social workers, psychologists, and other nonphysician providers.

Methods
A systematic review of the literature published from January 2013 to March 2017 was completed using PubMed and the Cochrane
Library. An Update Panel reviewed the identified publications, and relevant evidence was evaluated for inclusion into this updated
clinical practice guideline.

Recommendations

Recommendation 1.1. People with cancer are interested in discussing fertility preservation. Health care providers caring for
adult and pediatric patients with cancer (including medical oncologists, radiation oncologists, gynecologic oncologists,
urologists, hematologists, pediatric oncologists, surgeons, and others) should address the possibility of infertility as early as
possible before treatment starts.

Recommendation 1.2. Health care providers should refer patients who express an interest in fertility preservation (and those
who are ambivalent) to reproductive specialists.

Recommendation 1.3. To preserve the full range of options, fertility preservation approaches should be discussed as early as
possible, before treatment starts. The discussion can ultimately reduce distress and improve quality of life. Another
discussion and/or referral may be necessary when the patient returns for follow up after completion of therapy and/or if
pregnancy is being considered. The discussions should be documented in the medical record.

Adult Men

Recommendation 2.1. Sperm cryopreservation: Sperm cryopreservation is effective, and health care providers should discuss
sperm banking with postpubertal males receiving cancer treatment.

Recommendation 2.2. Hormonal gonadoprotection: Hormonal therapy in men is not successful in preserving fertility. It is
not recommended.

Recommendation 2.3. Other methods to preserve male fertility: Other methods, such as testicular tissue cryopreservation
and reimplantation or grafting of human testicular tissue, should be performed only as part of clinical trials or approved
experimental protocols.

Recommendation 2.4. Postchemotherapy: Men should be advised of a potentially higher risk of genetic damage in sperm
collected after initiation of therapy. It is strongly recommended that sperm be collected before initiation of treatment
because the quality of the sample and sperm DNA integrity may be compromised after a single treatment. Although sperm
counts and quality of sperm may be diminished even before initiation of therapy, and even if there may be a need to initiate
chemotherapy quickly such that there may be limited time to obtain optimal numbers of ejaculate specimens, these concerns
should not dissuade patients from banking sperm. Intracytoplasmic sperm injection allows the future use of a very limited
amount of sperm; thus, even in these compromised scenarios, fertility may still be preserved.

(continued on following page)
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THE BOTTOM LINE (CONTINUED)

Adult Women

Recommendation 3.1. Embryo cryopreservation: Embryo cryopreservation is an established fertility preservation method,
and it has routinely been used for storing surplus embryos after in vitro fertilization.

Recommendation 3.2. Cryopreservation of unfertilized oocytes: Cryopreservation of unfertilized oocytes is an option, and
may be especially well suited to women who do not have a male partner, do not wish to use donor sperm, or have religious
or ethical objections to embryo freezing. Oocyte cryopreservation should be performed in centers with the necessary
expertise. As of October 2012, the American Society for Reproductive Medicine no longer deems this procedure
experimental.

Qualifying statement. More flexible ovarian stimulation protocols for oocyte collection are now available. Timing of this
procedure no longer depends on the menstrual cycle in most cases, and stimulation can be initiated with less delay compared
with old protocols. Thus, oocyte harvesting for the purpose of oocyte or embryo cryopreservation is now possible on a cycle
day–independent schedule. Of special concern in estrogen-sensitive breast and gynecologic malignancies is the possibility
that these fertility preservation interventions (eg, ovarian stimulation regimens that increase estrogen levels) and/or
subsequent pregnancy may increase the risk of cancer recurrence. Aromatase inhibitor–based stimulation protocols are now
well established and may ameliorate this concern. Studies do not indicate increased cancer recurrence risk as a result of
aromatase inhibitor–supplemented ovarian stimulation and subsequent pregnancy.

Recommendation 3.3. Ovarian transposition: Ovarian transposition (oophoropexy) can be offered when pelvic irradiation is
performed as cancer treatment. However, because of radiation scatter, ovaries are not always protected, and patients should
be aware that this technique is not always successful. Because of the risk of remigration of the ovaries, this procedure should be
performed as close to the time of radiation treatment as possible.

Recommendation 3.4. Conservative gynecologic surgery: It has been suggested that radical trachelectomy (surgical removal
of the uterine cervix) should be restricted to stage IA2 to IB cervical cancer with diameter, 2 cm and invasion, 10 mm. In
the treatment of other gynecologic malignancies, interventions to spare fertility have generally centered on doing less radical
surgery, with the intent of sparing the reproductive organs as much as possible. Ovarian cystectomy can be performed for
early-stage ovarian cancer.

Recommendation 3.5 (updated). Ovarian suppression: There is conflicting evidence to recommend GnRHa and other
means of ovarian suppression for fertility preservation. The Panel recognizes that, when proven fertility preservation
methods such as oocyte, embryo, or ovarian tissue cryopreservation are not feasible, and in the setting of young womenwith
breast cancer, GnRHa may be offered to patients in the hope of reducing the likelihood of chemotherapy-induced ovarian
insufficiency. However, GnRHa should not be used in place of proven fertility preservation methods.

Recommendation 3.6 (updated). Ovarian tissue cryopreservation and transplantation: Ovarian tissue cryopreservation for
the purpose of future transplantation does not require ovarian stimulation and can be performed immediately. In addition,
it does not require sexual maturity and hence may be the only method available in children. Finally, this method may also
restore global ovarian function. However, it should be noted further investigation is needed to confirm whether it is safe in
patients with leukemias.

Qualifying statement. As of the time of this publication, ovarian tissue cryopreservation remains experimental. However,
emerging data may prompt reconsideration of this designation in the future (this technique is already considered
nonexperimental in some countries, and its experimental status is undergoing evaluation in the United States).

Role of Health Care Providers

Recommendation 4.1. All oncologic health care providers should be prepared to discuss infertility as a potential risk of
therapy. This discussion should take place as soon as possible once a cancer diagnosis is made and can occur simultaneously
with staging and the formulation of a treatment plan. There are benefits for patients in discussing fertility information with
providers at every step of the cancer journey.

Recommendation 4.2. Encourage patients to participate in registries and clinical studies, as available, to define further the
safety and efficacy of these interventions and strategies.

(continued on following page)
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available at www.asco.org/survivorship-guidelines provides additional
information about the signals approach.

This systematic review-based guideline product was developed by
a multidisciplinary Expert Panel, which included a patient representative
and an ASCO guidelines staff with health research methodology expertise.
PubMed and the Cochrane Library were searched for randomized controlled
trials, systematic reviews, meta-analyses, and clinical practice guidelines for
the period from January 1, 2013 through March 29, 2017. The disease and
intervention search terms were those used for the 2013 guideline. An Expert
Panel (members listed in Appendix Table A1, online only), formed in ac-
cordance with the ASCO Conflict of Interest Management Procedures for
Clinical Practice Guidelines, reviewed the abstracts identified for predefined
signals that would suggest the need to change a previous recommendation.
Additional information about the results of the updated literature search (Data
Supplement 2) and updated search strategy string and results (Data Sup-
plement 3), as well as a discussion of the ASCO signals approach to guideline
updating, are available at www.asco.org/survivorship-guidelines and in the
2018 Data Supplement and 2018 Methodology Supplement, respectively. A
QUOROM diagram of the updated search and the clinical questions are
provided in Data Supplements 4 and 5, respectively.

The Expert Panel considered the evidence for each of the 2018
recommendations. The guideline was circulated in draft form to the Expert
Panel. ASCO’s Clinical Practice Guidelines Committee leadership reviewed
and approved the final document. All funding for the administration of the
project was provided by ASCO.

Guideline Disclaimer
The Clinical Practice Guidelines and other guidance published herein are

provided by the American Society of Clinical Oncology, Inc. (ASCO) to assist
providers in clinical decision making. The information herein should not be
relied upon as being complete or accurate, nor should it be considered as
inclusive of all proper treatments or methods of care or as a statement of the
standard of care. With the rapid development of scientific knowledge, new
evidencemay emerge between the time information is developed andwhen it is
published or read. The information is not continually updated and may not
reflect the most recent evidence. The information addresses only the topics
specifically identified therein and is not applicable to other interventions,
diseases, or stages of diseases. This information does not mandate any par-
ticular course of medical care. Further, the information is not intended to
substitute for the independent professional judgment of the treating provider,

as the information does not account for individual variation among patients.
Recommendations reflect high, moderate, or low confidence that the rec-
ommendation reflects the net effect of a given course of action. The use of
words like “must,” “must not,” “should,” and “should not” indicates that
a course of action is recommended or not recommended for either most or
many patients, but there is latitude for the treating physician to select other
courses of action in individual cases. In all cases, the selected course of action
should be considered by the treating provider in the context of treating the
individual patient. Use of the information is voluntary. ASCO provides this
information on an “as is” basis and makes no warranty, express or implied,
regarding the information. ASCO specifically disclaims any warranties of
merchantability or fitness for a particular use or purpose. ASCO assumes no
responsibility for any injury or damage to persons or property arising out of
or related to any use of this information, or for any errors or omissions.

This is the most recent information as of the publication date. For the
most recent information, please visit www.asco.org/survivorship-guidelines.

Guideline and Conflicts of Interest
The Expert Panel was assembled in accordance with ASCO’s Conflict of

Interest Policy Implementation for Clinical Practice Guidelines (“Policy,” found
at http://www.asco.org/rwc). Allmembers of the Expert Panel completedASCO’s
disclosure form, which requires disclosure of financial and other interests, in-
cluding relationships with commercial entities that are reasonably likely to
experience direct regulatory or commercial impact as a result of promulgation of
the guideline. Categories for disclosure include employment; leadership; stock or
other ownership; honoraria, consulting or advisory role; speaker’s bureau; re-
search funding; patents, royalties, other intellectual property; expert testimony;
travel, accommodations, expenses; and other relationships. In accordance with
the Policy, the majority of the members of the Expert Panel did not disclose any
relationships constituting a conflict under the Policy.

RESULTS

The search yielded 61 publications. After careful review of the
identified publications, the Expert Panel concluded the results
warranted a clarification to Recommendations 3.5 and 3.6 from the
2013 guideline update.1 A bibliography of the results of the updated
literature search is provided in Data Supplement 2.

THE BOTTOM LINE (CONTINUED)

Recommendation 4.3. Refer patients who express an interest in fertility, as well as those who are ambivalent or uncertain, to
reproductive specialists as soon as possible.

Recommendation 4.4. Refer patients to psychosocial providers when they are distressed about potential infertility.

Special Considerations: Children

Recommendation 5.1. Suggest established methods of fertility preservation (eg, semen or oocyte cryopreservation) for
postpubertal children, with patient assent and parent or guardian consent. For prepubertal children, the only fertility
preservation options are ovarian and testicular cryopreservation, which are investigational.

Additional Resources
More information, including a Data Supplement with new studies, a Methodology Supplement, slide sets, clinical tools and resources, is
available at www.asco.org/survivorship-guidelines. Patient information is available at www.cancer.net

ASCO believes that cancer clinical trials are vital to informmedical decisions and improve cancer care, and that all patients should
have the opportunity to participate.
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Gonadotrophin-Releasing Hormone Agonists in Fertility
Preservation

Seven randomized controlled trials, four systematic reviews,
and seven guidelines provide the evidence base for gonadotrophin-
releasing hormone agonists (GnRHa) in fertility preservation.

Seven randomized controlled trials3-9 reported pregnancy
outcomes (Table 1). One major limitation of the trials evaluating
GnRHa has been reliance on surrogate markers, such as menstrual
status or untimed estradiol or follicle-stimulating hormone
evaluation, to determine the potential for fertility. The criteria used
for defining ovarian insufficiency also varies widely between re-
ports, which makes a uniform comparison challenging. Use of
long-term live birth rates is the most appropriate marker of fer-
tility, but few studies have evaluated this outcome or have sufficient
length of follow-up or numbers of patients to make definitive
conclusions. The only trial that reported number of pregnancies as
a preplanned end point was the POEMS (Prevention of Early
Menopause Study) trial.7 The POEMS trial7 reported significantly
higher rates of pregnancy in women with hormone receptor–
negative breast cancer receiving chemotherapy plus goserelin
versus chemotherapy alone (21% v 11%; P = .03), although these
findings are weakened by missing data and lack of adjustment for
pregnancy intent. In contrast, the remaining six randomized trials
did not report significant differences in pregnancies between
treatment groups, although it was not a prespecified outcome for
most.3-6,8,9 A definitive trial with proper end points, including live
birth rates, adjustment for pregnancy intent, and sufficient power,
is needed to answer the controversy on the effectiveness of GnRHa
in preserving ovarian function.

Of the four systematic reviews10-13 that analyzed pregnancy
(Table 2), two found significantly higher rates of pregnancy in
patients receiving chemotherapy plus GnRHa versus chemother-
apy alone.12,13 The systematic review by Munhoz et al13 noted the
analysis on rates of pregnancy was not considered a valid end point
for a main analysis but was performed as an exploratory analysis.

One systematic review reporting six versus five births with GnRHa
when compared with control did not report further analyses,10 and
one systematic review did not report a significant difference be-
tween treatment groups.11 Three of the systematic reviews analyzed
patients with breast cancer,10,12,13 and one systematic review in-
cluded both patients with breast cancer and patients with lym-
phoma.11 Additionally, Lambertini et al14 presented a pooled
analysis of individual patient data of five randomized trials, an-
alyzing three of the identified trials’ rates of pregnancy at the 2017
San Antonio Breast Cancer Symposium. This analysis revealed
a statistically greater number of pregnancies in the GnRHa group,
with all pregnancies occurring in women # 40 years. However,
these data were not corrected for pregnancy intent. The panel will
await full publication but does not anticipate any changes to the
recommendations based on the data presented.

Of the seven guidelines15-21 identified (Table 3), two recommend
the use of GnRHa for fertility preservation in premenopausal patients
with breast cancer,15,17 three recommend GnRHa for fertility pres-
ervation for premenopausal patients with estrogen receptor–negative
breast cancer,16,18,21 and two do not recommend GnRHa as a method
of fertility preservation.19,20

Therefore, given the current state of the evidence, GnRHa
should not be considered a proven fertility preservationmethod, and
patients should always be counseled to rely on methods with proven
effectiveness in fertility preservation. Providersmay have a discussion
about GnRHa that includes careful counseling on the controversy
and uncertainty regarding its role as an ovarian preservation strategy.
The Panel recognizes that, when proven fertility preservationmethods
are not feasible, GnRHa is offered by many providers in the hope
of reducing the likelihood of chemotherapy-induced ovarian in-
sufficiency, especially in breast cancer. However, the panel wishes to
stress that studies have shown conflicting results regarding the risk
reduction for premature ovarian insufficiency, especially when all
cancer types are considered. Therefore, GnRHa should not be used in
place of proven fertility preservation methods.

Table 1. Randomized Controlled Trials

First Author, Year, Trial

No. of Patients

Agents Disease Sites Follow-Up (years) Primary Outcome No. of Pregnancies (%) PEnrolled Evaluable

Leonard, 2017, OPTION9 106 95 GnRHa Breast 5.0* POV 9 (9) NR
121 107 Control 6 (6)

Demeestere, 20168 65 32 GnRHa Lymphoma 5.33 POF 17 (53.1) NS
64 35 Control 15 (42.8)

Moore, 2015, POEMS7 126 105 GnRHa Breast 4.1 POV 22 (21) .03
131 113 Control 12 (11)

Lambertini, 2015, PROMISE-GIM66 148 148 GnRHa Breast 7.3 POV 8 (5) NS
133 133 Control 3 (2)

Elgindy, 20135 25 17 GnRHa Breast 1.0 Resumption
of menses

1 (4) NS
25 17 Control 1 (4)
25 17 GnRHa 1 (4) NS
25 17 Control 0 (0)

Munster, 20124 27 26 GnRHa Breast 1.6 POV 0 (0) NS
22 21 Control 2 (10)

Gerber, 20113 30 30 GnRHa Breast 4.0 Resumption
of menses

1 (3) NS
31 30 Control 1 (3)

Abbreviations: GnRHa, gonadotrophin-releasing hormone agonist; NR, not reported; NS, not significant; OPTION, Ovarian Protection Trial In Premenopausal Breast
Cancer Patients; POEMS, Prevention of Early Menopause Study; POF, premature ovarian failure; POV, preservation of ovarian function; PROMISE-GIM6, Prevention of
Menopause Induced by Chemotherapy: A Study in Early Breast Cancer Patients—Gruppo Italiano Mammella 6.
*Median not reported.
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The Expert Panel acknowledges that GnRHa may have other
medical benefits, such as reduction of vaginal bleeding when patients
have low platelet counts as a result of chemotherapy or prevention of
menometrorrhagia in patients with pancytopenia.22 The adverse
events associated with GnRHa are generally reversible and limited
and include hot flashes, headaches, sweating, and vaginal dryness.7

The panel agrees that there is conflicting evidence to recommend
GnRHa as a method of fertility preservation but that it may be
considered in young women with breast cancer, recognizing the
limitations, controversy, and potential risks. While the use of
GnRHa may have other medical benefits, those benefits and
recommendations for use in that setting are beyond the scope of
this document.

Ovarian Tissue Cryopreservation and Transplantation
Since the publication of the guideline, success rates of ovarian

tissue transplantation have been published in a recent meta-analysis,
reporting live birth and ongoing pregnancy rates of 37.7%.23,24 Ad-
ditionally, the prospective cohort study by Jadoul et al25 reported from
a cohort of 545 patients; 21 underwent ovarian cortex auto-
transplantation, and seven of these 21 patients (33%) conceived
post-transplantation. In addition, successful recovery and cryo-
preservation of oocytes following in vitromaturation in tandemwith
ovarian tissue freezing have raised the possibility to expand the scope
of this technique.

The panel has updated Recommendation 3.6 on ovarian tissue
cryopreservation and transplantation to reflect these emerging data.

RECOMMENDATIONS

The 2018 recommendations are listed in theBottomLineBox. The panel
updated Recommendations 3.5 and 3.6 and combined the statement
from previous Recommendation 3.7 into Recommendation 3.2. Ad-
ditional edits were made for clarity to the 2013 recommendations.

ASCO believes cancer clinical trials are vital to informmedical
decisions and improve cancer care and that all patients should have
the opportunity to participate.

HEALTH DISPARITIES

Although ASCO clinical practice guidelines represent expert rec-
ommendations on the best practices in disease management to

provide the highest level of cancer care, it is important to note that
many patients have limited access to medical care. Racial and
ethnic disparities in health care contribute significantly to this
problem in the United States. Patients with cancer who are
members of racial/ethnic minorities suffer disproportionately
from comorbidities, experience more substantial obstacles to
receiving care, are more likely to be uninsured, and are at greater
risk of receiving care of poor quality than other Americans.26-29

Many other patients lack access to care because of their geo-
graphic location and distance from appropriate treatment fa-
cilities. Awareness of these disparities in access to care should be
considered in the context of this clinical practice guideline, and
health care providers should strive to deliver the highest level of
cancer care to these vulnerable populations.

Reproductive care is part of the standard care of all oncology
patients. Cost, access, and time for proven fertility preser-
vation methods may prevent patients from receiving optimal
reproductive care.

PATIENT AND CLINICIAN COMMUNICATION

Recommendations 1.1, 1.2, and 1.3 from the last guideline update
highlight the importance of patient and clinician communication in
the discussion of fertility preservation. Though the panel did not
update these recommendations in this update, it is key to reiterate
these recommendations, and providers should initiate the discussion
on fertility as early as possible in all patients for whom it is appropriate.

Recommendation 1.1 People with cancer are interested in dis-
cussing fertility preservation. Health care providers caring for adult
and pediatric patients with cancer (including medical oncologists,
radiation oncologists, gynecologic oncologists, urologists, hematol-
ogists, pediatric oncologists, surgeons, and others) should address the
possibility of infertility as early as possible before treatment starts.
Recommendation 1.2 Health care providers should refer patients
who express an interest in fertility preservation (and those who
are ambivalent) to reproductive specialists
Recommendation 1.3 To preserve the full range of options, fertility
preservation approaches should be discussed as early as possible,
before treatment starts. The discussion can ultimately reduce distress
and improve quality of life. Another discussion and/or referral may
be necessary when the patient returns for follow up after completion
of therapy and/or if pregnancy is being considered. The discussions
should be documented in the medical record.

Table 2. Systematic Reviews

First Author, Year
Total Studies

Included RCTs Addressing Pregnancy No. of Patients Agents No. of Pregnancies (%) OR 95% CI P

Munhoz, 201613 7 NR NR GnRHa NR 1.85 1.02 to 3.36 .04
NR Control NR

Elgindy, 201511 10 8 427 GnRHa 30 1.63 0.94 to 2.82 NS
412 Control 20

Lambertini, 201512 12 5 359 GnRHa 33 (9.2) 1.83 1.02 to 3.28 .041
347 Control 19 (5.5)

Turner, 201310 12 4 GnRHa 6 NR NR NR
Control 5

Abbreviations: GnRHa, gonadotrophin-releasing hormone agonist; NR, not reported; NS, not significant; OR, odds ratio; RCT, randomized controlled trial.
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For recommendations and strategies to optimize patient-
clinician communication, see Patient-Clinician Communication:
American Society of Clinical Oncology Consensus Guideline.30

COST IMPLICATIONS

Increasingly, individuals with cancer are required to pay a larger
proportion of costs through deductibles and coinsurance.31,32

Higher patient out-of-pocket costs have been shown to be a bar-
rier to initiating and adhering to recommended treatments.33,34

Discussion of cost can be an important part of shared de-
cision making.35 Providers should discuss with patients the use of
less expensive alternatives when it is practical and feasible for
treatment of the patient’s disease and there are two or more
treatment options that are comparable in terms of benefits and
harms.35

Patient out-of-pocket costs may vary depending on insurance
coverage. Coverage may originate in the medical or pharmacy
benefit, which may have different cost-sharing arrangements.
Patients should be aware that different products may be preferred
or covered by their particular insurance plan. Even with the same
insurance plan, the price may vary between different pharmacies.
When discussing financial issues and concerns, patients should be
made aware of any financial counseling services available to address
this complex and heterogeneous landscape.35

ADDITIONAL RESOURCES

More information, including Data andMethodology Supplements,
slide sets, and clinical tools and resources, is available at www.asco.
org/survivorship-guidelines. Patient information is available at
www.cancer.net.
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BACKGROUND: Infertility is an important side effect of treatments used for cancer and other non-malignant conditions in males. This
may be due to the loss of spermatogonial stem cells (SSCs) and/or altered functionality of testicular somatic cells (e.g. Sertoli cells, Leydig
cells). Whereas sperm cryopreservation is the first-line procedure to preserve fertility in post-pubertal males, this option does not exist for
prepubertal boys. For patients unable to produce sperm and at high risk of losing their fertility, testicular tissue freezing is now proposed as an
alternative experimental option to safeguard their fertility.

OBJECTIVE AND RATIONALE: With this review, we aim to provide an update on clinical practices and experimental methods, as well as
to describe patient management inclusion strategies used to preserve and restore the fertility of prepubertal boys at high risk of fertility loss.

SEARCH METHODS: Based on the expertise of the participating centres and a literature search of the progress in clinical practices, patient
management strategies and experimental methods used to preserve and restore the fertility of prepubertal boys at high risk of fertility loss
were identified. In addition, a survey was conducted amongst European and North American centres/networks that have published papers on
their testicular tissue banking activity.

OUTCOMES: Since the first publication on murine SSC transplantation in 1994, remarkable progress has been made towards clinical
application: cryopreservation protocols for testicular tissue have been developed in animal models and are now offered to patients in clinics as
a still experimental procedure. Transplantation methods have been adapted for human testis, and the efficiency and safety of the technique
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are being evaluated in mouse and primate models. However, important practical, medical and ethical issues must be resolved before fertility
restoration can be applied in the clinic.
Since the previous survey conducted in 2012, the implementation of testicular tissue cryopreservation as a means to preserve the fertility of
prepubertal boys has increased. Data have been collected from 24 co-ordinating centres worldwide, which are actively offering testis tissue
cryobanking to safeguard the future fertility of boys. More than 1033 young patients (age range 3 months to 18 years) have already undergone
testicular tissue retrieval and storage for fertility preservation.

LIMITATIONS, REASONS FOR CAUTION: The review does not include the data of all reproductive centres worldwide. Other centres
might be offering testicular tissue cryopreservation. Therefore, the numbers might be not representative for the entire field in reproductive
medicine and biology worldwide. The key ethical issue regarding fertility preservation in prepubertal boys remains the experimental nature of
the intervention.

WIDER IMPLICATIONS: The revised procedures can be implemented by the multi-disciplinary teams offering and/or developing treatment
strategies to preserve the fertility of prepubertal boys who have a high risk of fertility loss.

STUDY FUNDING/COMPETING INTEREST(S): The work was funded by ESHRE. None of the authors has a conflict of interest.

Key words: cryopreservation / in vitro spermatogenesis / fertility preservation / fertility restoration / prepubertal boys / spermatogonial
stem cell / testicular tissue freezing / testis / transplantation

WHAT DOES THIS MEAN FOR PATIENTS?
Future fertility is important for long-term quality of life in patients who have received chemotherapy and/or radiotherapy during childhood.
New strategies to give patients hope of fathering their own child must therefore be developed and brought into clinical practice. Testicular
tissue cryopreservation is currently the only possibility to preserve fertility potential in children because sperm are not produced until
puberty.

Methods to obtain mature sperm from prepubertal testicular tissue are under investigation and studies in monkeys have shown the feasibility.
Hence, an increasing number of centres worldwide now advocate testicular tissue cryobanking as an experimental approach for patients with
the objective of obtaining mature sperm from the tissue in the future. Approaches under investigation include in vitro culture or autologous
transplantation of testicular tissue or cells. This review will describe current progress in fertility preservation for prepubertal boys, while also
describing the challenges that must be overcome before these approaches can be implemented in clinical practice.

Introduction
Male gonads contain spermatogonial stem cells (SSCs), which are
at the foundation of spermatogenesis that gives rise to mature and
fertilization-competent spermatozoa. Sperm production begins at
puberty and continues throughout adulthood. Germ cell loss can
be induced by cytotoxic treatments, but is also linked to hereditary
conditions such as Klinefelter syndrome or Fanconi syndrome. There-
fore, to prevent infertility in disorders or conditions associated with
prepubertal germ cell loss, well-timed cryopreservation of testicular
tissues containing SSCs is a promising experimental strategy. Various
approaches for the restoration of male fertility following oncological
treatments or other fertility-compromising diseases are now under
investigation. These approaches include SSC transplantation, testicular
tissue grafting and in vitro spermatogenesis.

Worldwide, an increasing number of institutions are offering fertility
preservation to prepubertal boys facing SSC loss. The first fertility
preservation programme for prepubertal males started in 2002, and
the number of centres offering cryopreservation has steadily increased
over recent years (Picton et al., 2015). We anticipate that, in the near
future, patients will return with questions regarding clinical options
to restore their fertility. Therefore, the present review will describe
current clinical practices, patient inclusion strategies and experimental
methods used to preserve and restore the fertility of prepubertal
boys at high risk of fertility loss. In addition, the scientific, ethical and
legal issues relating to fertility preservation and restoration will be
discussed.
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Impact of irradiation and cytotoxic
treatments on testicular function
Testicular cells, especially rapidly dividing germ cells, are highly sensitive
to irradiation and chemotherapy treatment. The potential for recovery
will depend on survival of spermatogonial populations within the
testis. Low cytotoxic doses will deplete the pool of differentiating
spermatogonia but are likely to result in only temporary cessation of
spermatogenesis, while reserve SSCs may survive and resume mitotic
activity to produce differentiating spermatogonia. If the damage is
severe and the SSC number is drastically reduced, recovery may not
occur until many years later. If all SSCs are depleted, the patient
becomes permanently infertile. Spermatogonia have been shown to
be susceptible to such depletion at all stages of life, including child-
hood (Whitehead et al., 1982; Relander et al., 2000; Jahnukainen et
al., 2011). Furthermore, patient age, preexisting testicular pathology
and the individual susceptibility to cancer treatment toxicity may also
influence the potential of the seminiferous epithelium to support
spermatogenesis after treatment (Wyns et al., 2010; Rives et al.,
2012).

In a systematic literature review, the International Late Effects of
Childhood Cancer Guideline Harmonization Group found evidence
for adverse effects of cyclophosphamide, mechlorethamine and
procarbazine on spermatogenesis (Skinner et al., 2017). Alkylating
agent–based hematopoietic stem cell transplant (HSCT) condition-
ing regimens (i.e. busulfan and cyclophosphamide, fludarabine or
melphalan) and ifosfamide have also been associated with impaired
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spermatogenesis. Data have suggested a relationship between
the dose of alkylating agents and the likelihood of developing
impaired spermatogenesis (Skinner et al., 2017). Azoospermia and
oligozoospermia are unlikely after cyclophosphamide equivalent doses
<4000 mg/m2 (Green et al., 2014). However, a threshold dose that
predicts impaired spermatogenesis, azoospermia or any completely
safe lower threshold dose could not be identified (Green et al.,
2014; Skinner et al., 2017). Alkylating agents used in combination
are considered to have an additive adverse effect on spermatogenesis
(Skinner et al., 2017).

Assessing spermatogonial quantity per tubular cross section
(Masliukaite et al., 2016) offers a method to measure adverse effects of
disease or its therapy on quality and fertility potential of tissue obtained
from prepubertal boys (Poganitsch-Korhonen et al., 2017; Stukenborg
et al., 2018a). Using this approach, it has been shown that patients
exposed to alkylating agents, especially to cyclophosphamide equiva-
lent doses >4000 mg/m2, show significantly reduced spermatogonial
quantity compared to normative reference values or those for patients
treated with non-alkylating agents (Poganitsch-Korhonen et al., 2017).
Therefore, in order to collect sufficient amounts of spermatogonia
for fertility preservation, a testicular biopsy sample should be acquired
early, before the initiation of alkylating agent chemotherapy.

Testicular irradiation can impair spermatogenesis by directly
damaging germ cells, spermatogenesis-supporting Sertoli cells and
testosterone-producing Leydig cells (Kenney et al., 2012; Stukenborg
et al., 2018b). The differentiating spermatogonia are radiosensitive to
scattered doses as low as 0.1 Gy leading to short-term cessation of
spermatogenesis (Rowley et al., 1974). Doses of 2–3 Gy also affect
SSCs and cause long-term azoospermia. Doses in excess of 6 Gy
are able to deplete the SSC pool and lead to permanent infertility
(Rowley et al., 1974; Centola et al., 1994). It is also well established
that even very small doses invariably cause acute impairment and
that recovery does not always occur. Thus, any dose of testicular
radiotherapy should be regarded as possibly increasing the risk of
impaired spermatogenesis (Skinner et al., 2017). Pubertal status in
humans at the time of HSCT has been shown to be an independent
predictor of adult testicular volume (Wilhelmsson et al., 2014),
which in turn is primarily determined by Sertoli cell number (Sharpe
et al., 2003). Total body irradiation (TBI 10–12 Gy) used to prepare
a patient for HSCT before initiation of pubertal maturation leads to
significantly smaller adult testicular volumes compared to same therapy
during or after puberty (Wilhelmsson et al., 2014). These findings
provide evidence for effects of cancer treatments also on the Sertoli
cell population. There are several studies suggesting that testicular
radiotherapy doses ≥21–24 Gy and the majority of those ≥12 Gy,
including TBI are probably associated with an increased risk of Leydig
cell failure resulting in testosterone deficiency (Skinner et al., 2017).
Chemotherapy-induced Leydig cell failure is instead relatively rare
(Sklar, 1999).

Which patients are at risk for fertility loss?
Crucial for a successful fertility preservation practice is the selection of
patients who will benefit from this service. Since the surgical removal
of testicular tissue is an invasive procedure and fertility restoration
strategies from those tissues are still at an experimental level, the
inclusion criteria for testicular tissue cryobanking should preferably be
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restricted to patients at significant risk of treatment-induced testicular
damage and subsequent infertility. The inclusion criteria for testicular
tissue cryobanking in prepubertal and adolescent male patients differ
between centres (Wyns et al., 2011; Picton et al., 2015). In some
centres, testicular tissue banking is restricted to patients who have not
received any previous treatment (Wyns et al., 2011). Other centres
also include patients that already have had a previous round of chemo-
or radiotherapy (Stukenborg et al., 2018a; Valli-Pulaski et al., 2019;
Braye et al., 2019). Most testicular tissue banking is performed in
prepubertal boys suffering from cancer and mainly before treatment
of testicular cancer, Hodgkin’s and non-Hodgkin’s malignant lymphoma
and solid tumours (Picton et al., 2015).

Testicular tissue cryopreservation has been offered to patients at sig-
nificant risk of infertility as a result of a treatment that is planned or has
recently been initiated and patients at risk of genetically predisposed
testicular degeneration.

Patients receiving therapies associated with a high risk of infertility
include those receiving allogeneic or autologous HSCT or irradiation
exposure to the testes, while first-line chemotherapy with antimetabo-
lites, vinca alkaloids, podophyllotoxins and antitumor antibiotics are
associated with a low risk of infertility (Skinner et al., 2017). There-
fore, the majority of childhood cancer patients do not meet the
criteria of a significant risk of impaired fertility at the time of cancer
diagnosis; however, poor disease response or relapse may result in
reclassification of patients into treatment regimens that often involve
potentially sterilising therapy (Jahnukainen et al., 2015). This means
that many cancer patients at the time of fertility preservation have
already received chemotherapy, which may decrease the quality of
cryopreserved tissue. On the other hand, if only untreated patients
are eligible for fertility preservation, this may improve the quality
of cryopreserved tissue but would mean that testicular biopsy is
offered to a large patient population (if not restricted to the high-
risk group), many of whom might not become infertile. Furthermore,
this would also mean that relapsed patients would not qualify for tes-
ticular tissue cryopreservation, even for those whose SSC population
might not be affected by the previous treatment. Therefore, patients
treated with non-alkylating agents having a SSC population in the nor-
mal range according to published reference values (Masliukaite et al.,
2016) should with relapse get the possibility for fertility preservation
after this first treatment (Poganitsch-Korhonen et al., 2017; Stukenborg
et al., 2018a). However, the quality of the germ cells cryopreserved
during or shortly after chemotherapy could be theoretically affected
and further studies are needed to elucidate the potential impairments
in detail.

Allogeneic HSCT is a curative treatment option for patients with
bone marrow failure, thalassemia, sickle cell disease and many other
genetic diseases. As a consequence, there are an increasing number
of children with non-malignant conditions at risk of potential loss of
fertility. While early studies document spontaneous puberty among
children receiving reduced-intensity conditioning (Panasiuk et al., 2015),
limited data are currently available on fertility effects. These studies
demonstrate a 50% risk of azoospermia after HSCT or long-term
treatment with hydroxyurea for sickle cell disease (Lukusa et al., 2009).
Therefore, testicular tissue preservation is also indicated in this patient
group.

As spermatogonial quantity is also reduced in non-malignant diseases
involving single gene mutations (thalassemia majors, Fanconi anaemia
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and immunodeficiency caused by a variant of the forkhead box P3
(FOXP3) gene) (Stukenborg et al., 2018a), the primary disease may
also impact gonadal function or increase susceptibility to the toxicity of
subsequent therapy. In light of this evidence, more research is needed
to understand treatment- and patient-related factors that may impact
on fertility preservation practice. This will allow for optimization of
patient selection and timing of testicular biopsy.

Individuals with Klinefelter syndrome face germ cell depletion during
development and, hence, azoospermia in >90% cases (Franik et al.,
2016; Van Saen et al., 2018). Cryopreservation of testicular biopsies
from adolescent Klinefelter syndrome patients is performed as part
of the fertility preservation programme in some centres (Heckmann
et al., 2018; Rives et al., 2018; Van Saen et al., 2018). However, as
SSCs are lost at a very early age (<4 years), the question of whether
fertility preservation should be offered to prepubertal patients with
Klinefelter syndrome remains highly controversial (Van Saen et al.,
2018).

Fertility Preservation in
Prepubertal Boys: Current
Practice

Management of fertility preservation
Lack of time in the case of cancer patients and lack of care-provider
knowledge on infertility risk have been identified as the main barriers
to including fertility preservation in patient care. Therefore, proper
and efficient management in the field requires a team of highly trained
physicians, nurses and psychologists (Fig. 1). Ideally, those teams are
involved in both oncology and reproductive medicine in order to con-
sider the challenges of each diagnosis and patient. Multi-collaborative
care pathways (MCCPs), including well-informed care providers, with
enhanced communication between oncologists and reproductive spe-
cialists, facilitate shared decisions at the time of diagnosis and lead
to increased patient referrals and acceptance rates of the procedure
(Wyns et al., 2015). In the male paediatric population, the highest
acceptance rates were achieved with face-to-face consultations at the
time of cancer diagnosis in a small pilot study (Ginsberg et al., 2010),
which was further confirmed in a larger series of patients suffering from
benign and malignant haematological diseases (74% for boys under
12 years) (Wyns et al., 2015). Such MCCPs should support the treating
oncologists in order to facilitate the timely implementation of fertility
preservation measures and offer appropriate nurse support and pae-
diatric psychology counselling to enhance patient and parent support
at the time of diagnosis. It is therefore of paramount importance
to identify and educate key staff capable of initiating discussions on
fertility and fertility preservation strategies and provide clear referral
pathways to facilitate fertility-related discussions in paediatric oncology
(Armuand et al., 2017). Dialogue with patients and parents was also
shown to be critical for informed decision-making (Nagel and Neal,
2008; Carlson et al., 2017). Discussions should not only aim to provide
full and understandable information of experimental strategies but also
place the emphasis on the future hope for parenthood as a positive
decisional factor. However, parents and patients must be informed
about the experimental nature of the procedures. Furthermore, access
to appropriate educational materials is highly recommended in this
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process (Vadaparampil et al., 2008). Patient information and decision
aids should be age-adapted and should be available in multilingual
versions (Rodriguez-Wallberg et al., 2019).

Adequate management should be tailored to the individual patient.
Hence, besides constraints directly linked to disease-specific care,
it is essential that care providers have detailed knowledge of the
hormonal events and testicular physiology before and around puberty.
This is required in order to provide patients/parents with accurate
information regarding the options for cryopreservation of gametes
or gonadal tissue. This is especially the case for peripubertal boys as
haploid germ cells and/or mature sperm may be present in the testis
of these boys (even in the absence of ejaculated sperm) (Wyns et al.,
2011). Considering that protocols used to preserve mature germ cells
differ from those used to preserve testicular tissue containing SSCs,
institutional guidelines aimed at prioritising cryobanking of testicular
sperm whenever possible rather than testicular tissue should be avail-
able (Picton et al., 2015).

Patients requiring gonadotoxic therapies should be referred to a
fertility specialist before gonadotoxic treatment is initiated (Redig et al.,
2011). However, real-life clinical care showed that a proportion of
patients and/or their parents or guardians requested fertility preser-
vation measures while chemotherapy was already in its early phase
(Abofoul-Azab et al., 2018). Moreover, as oncological therapy remains
a health priority, fertility preservation should be considered and dis-
cussed where possible.

To develop further guidance in the field of fertility preservation,
integration of the patients that participated in fertility preservation
programmes into a systematic long-term follow-up (Melan et al., 2018)
is recommended. It is important to inform the patients and their
parents that, to date, the possible future use of frozen testicular tissue
remains a research activity.

Besides hospital-wide MCCPs, establishment of structured networks
between clinics is an important step for an optimal management of
fertility preservation given that inequalities in access exist. Although
oncological therapies should take priority over fertility preservation
strategies, fertility and its preservation should always be discussed and
considered where possible.

Procedure of fertility preservation
In peripubertal boys, it is theoretically possible to freeze sperma-
tozoa obtained after sperm collection performed by masturbation.
However, in case of failure or refusal of sperm collection, severe
oligozoospermia, azoospermia or necrozoospermia (Safsaf et al., 2011;
Daudin et al., 2015), an alternative procedure is to consider testicular
biopsy combined with testicular sperm extraction (TESE) and possibly
sperm freezing. If during surgery no sperm are retrieved, TESE can
be combined with testicular tissue freezing in order to be able to
store SSCs. As sperm production also stops for long periods after
initiation of cancer therapy (Schrader et al., 2001), it is recommended
to cryopreserve sperm before starting gonadotoxic treatment, also
to avoid chemo- and radiotherapy-induced mutagenic effect(s) on the
germ cell nucleus and the potential risk on the conceptus (miscarriages,
malformations, genetic or chromosomal anomalies) if used in ART
(Foresta et al., 2000; Picton et al., 2015). The stored spermatozoa
will be usable for IUI or IVF (conventional or with ICSI) depending on
sperm number and motility after thawing.
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Figure 1 Schematic overview of a multi-collaborative care pathway for fertility preservation in boys.

In prepubertal boys who do not produce spermatozoa or in peripu-
bertal boys who have already started treatment (chemotherapy or
radiotherapy) with low gonadotoxic doses and did not have the oppor-
tunity to bank sperm beforehand, testicular tissue freezing with the
objective of preserving SSCs appears to be an acceptable solution
(Picton et al., 2015). Testicular tissue biopsy before freezing is prefer-
ably unilateral and is performed surgically according to local proce-
dures. The testicular fragments are immediately placed into a transport
medium kept at 4 to 8◦C and transported rapidly to the laboratory to
minimize the risk of hot ischemia and to minimise microbial contam-
ination. For longer distances between surgery room and laboratory,
testicular tissue can be transported at 4◦C in specialised medium
(DMEM/F12) for up to 3 days (Faes and Goossens, 2016, 2017).
The freezing of either testicular cell suspensions or testicular tissue
has been proposed to cryopreserve SSCs. However, cryopreservation
of testicular tissue pieces preserves the opportunity to pursue either
cell- or tissue-based therapies in the future. Each piece of testicular
tissue is cut into small fragments, which are deposited in cryotubes
containing a cryoprotective medium (Rives et al., 2013). At present, no
standardised protocol has been established for human testicular tissue
freezing in terms of optimal cryopreservation technique or fertility
restoration procedure able to generate spermatozoa. However, the
most commonly used freezing protocol is controlled slow freezing with
seeding (Keros et al., 2005; Keros et al., 2007; Wyns et al., 2007; Curaba
et al., 2011; Babayev et al., 2013; Poels et al., 2013; Ginsberg et al.,
2014; Pietzak 3rd et al., 2015; Ho et al., 2017; Valli-Pulaski et al., 2019).
Dimethylsulfoxide, a penetrating cryoprotective agent, has been shown
to be superior to 1,2-propanediol and glycerol in terms of cell viability
(Keros et al., 2005) and is currently used in the majority of slow freezing
protocols (Keros et al., 2007, Wyns et al., 2007, Wyns et al., 2008,
Curaba et al., 2011, Wyns et al., 2011, Babayev et al., 2013, Baert et al.,
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2013, Poels et al., 2013, Ginsberg et al., 2014, Pietzak et al., 2015, Ho
et al., 2017). Sucrose, a non-penetrating cryoprotective agent, is also
added as a component of freezing media (Wyns et al., 2007; Wyns
et al., 2008; Curaba et al., 2011; Wyns et al., 2011; Babayev et al., 2013;
Baert et al., 2013; Poels et al., 2013; Ginsberg et al., 2014; Ho et al.,
2017). Finally, some studies have explored vitrification (i.e. ultra-rapid
freezing) of testicular tissue in a small number of patients although with
no proven superiority in relation to tissue and cell integrity (Curaba et
al., 2011; Baert et al., 2013; Poels et al., 2013).

Follow-Up of Patients Offered
Testicular Tissue
Cryopreservation
Follow-up of patients offered testicular cryopreservation serves sev-
eral purposes: to determine the short- and long-term complications
of testicular biopsy in this patient group; to determine the effect
of potentially gonadotoxic treatments on subsequent reproductive
function and fertility; to adapt selection criteria for future patients by
ongoing stratification of fertility risks based on underlying diagnoses
and treatments received; and to inform patients and their families about
developments in the field that may allow them to use their tissue in the
future.

Complications associated with testicular
biopsy
Obtaining a testicular biopsy can be considered a relatively low-risk
procedure. The frequency and number of anaesthetics can be min-
imised by combining the procedure with other necessary interventions
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such as placement of a central venous catheter, bone marrow aspirate
or diagnostic lumbar puncture (Anderson et al., 2015). However, for
specific patient groups in whom fertility preservation is offered, there
may be potential complications that relate to their underlying disease or
treatment. For patients receiving chemotherapy and radiotherapy, or
those with conditions associated with bone marrow suppression (e.g.
aplastic anaemia), there may be additional risks of bleeding and infec-
tion. These risks can be managed by identifying thrombocytopenia and
neutropenia, and use of platelet transfusions to cover the procedure
where indicated. Careful monitoring of the wound and clinical condi-
tion of the patient in the immediate days post-surgery is also required
with prompt initiation of antibiotic treatment in the case of infection.
A limited number of studies have reported the rate of intra-operative
and short-term post-operative complications following testicular
biopsy for the purposes of fertility preservation. To date, the overall
complication rate is around 2–3% (Ginsberg et al., 2014; Ho et al.,
2017; Uijldert et al., 2017; Ming et al., 2018; Valli-Pulaski et al., 2019).
Reported complications include infection of the testicle or surgical
wound, including one reported case of wound dehiscence. Pain is
an important complication of testicular biopsy and should be regularly
assessed in the post-operative period and appropriate analgesia should
be administered. While current data suggest that testicular biopsy
for the purposes of fertility preservation is a low-risk procedure,
additional data on post-operative complications and development
of standardised guidelines for the pre-, peri- and post-operative
management of patients should be a subject for further research.

While obtaining testicular tissue for fertility preservation is the
primary goal of testicular biopsy, it is imperative that the procedure
itself does not further compromise testicular function in these patients.
Follow-up of testicular function through childhood, puberty and into
adulthood is an important aspect of current research. To date, only
one study has reported the effects of testicular biopsy over the medium
term (Uijldert et al., 2017): this prospective study in 64 boys involved
ultrasound scans to determine the volume of the biopsied testis and
comparison with the contralateral non-biopsied testis. Despite an initial
bilateral reduction in testicular volume immediately following surgery,
no differences were subsequently observed between biopsied and
non-biopsied testes at 6 and 12 months of follow-up, albeit that there
was evidence of fibrosis in the biopsied testes in a small proportion
(∼6%) of patients after 12 months of follow-up (Uijldert et al., 2017).
Importantly, the testicular volumes in these patients remained in the
prepubertal (<4 ml) range. Given that testicular volume does not
markedly increase until puberty, further studies are required to deter-
mine the long-term effect of testicular biopsy on pubertal testicular
growth and adult testicular volume in this patient group. This assess-
ment should also take the combined effect of biopsy and gonadotoxic
therapies into account.

Reproductive function in patients following
testicular tissue biopsy for cryopreservation
For individual patients, follow-up is required to ensure that puberty is
initiated and progresses normally. This is important for the assessment
of the development of secondary sexual characteristics, maintenance
of testosterone production into adulthood and fertility. Puberty can
be assessed clinically by Tanner staging and measurement of testicular
volume and monitoring should be commenced no later than 12 years
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of age in at-risk individuals (Skinner et al., 2017). LH-stimulated testos-
terone production is required for development of secondary sexual
characteristics at puberty and the support of spermatogenesis in
adulthood. While LH and testosterone production at puberty and into
adulthood is usually unaffected in patients who have received cancer
treatment in childhood, fertility may still be affected as a result of
primary gonadal damage (reviewed in Stukenborg et al., 2018b). A
raised serum FSH is indicative of Sertoli cell dysfunction and impaired
spermatogenesis (Kelsey et al., 2017). Fertility potential can also be
assessed post-puberty by measurement of testicular volume, serum
gonadotrophins or by semen analysis (Skinner et al., 2017).

Adaptation of patient selection criteria for
testicular tissue cryopreservation
A key aspect of follow-up is to validate and, if necessary, adapt patient
selection criteria for testicular tissue cryopreservation. This is required
to prevent unnecessary surgery in those who subsequently retain
natural fertility, while ensuring that those who may benefit are offered
the procedure. This approach has already been successfully applied
to ovarian tissue cryopreservation, demonstrating that the current
selection criteria are able to identify those at risk of premature ovarian
failure (POF) with a high degree of accuracy (Wallace et al., 2014). In
this study, POF occurred in 30% of those who were offered ovarian
cryopreservation, while POF did not occur in the patients who were
not offered fertility preservation.

A similar approach for males would require a serial follow-up of
gonadotrophins and semen analysis, and a comparison between those
who were offered testicular biopsy and those who were not. However,
follow-up in these patients, particularly those who were not considered
for fertility preservation, may be challenging.

Recommendations for follow-up in patients
offered testicular tissue cryopreservation
Based on the current data and requirements for additional research,
prepubertal patients receiving potentially gonadotoxic treatments
should receive regular assessment of reproductive function by a
paediatric endocrinologist, andrologist or urologist. Assessment of
reproductive function should include pubertal staging, assessment of
testicular volume (using an orchidometer or ultrasound) and, where
relevant, serum gonadotrophins. Assessment of baseline Sertoli cell
function (anti-Müllerian hormone, inhibin B) may also be considered.
A pragmatic approach to post-treatment follow-up during prepuberty
may consist of infrequent (every 1–2 years) assessment of testicular
volume and gonadotrophins. From the age of 12 years, patients
should be assessed (at least annually) for pubertal status including
Tanner staging and testicular volume (Skinner et al., 2017). Assessment
and measurement of gonadotrophins and testosterone may also
be performed as part of regular pubertal assessment in order to
ensure that treatment for delayed puberty is initiated when indicated.
Pubertal delay may result from hypergonadotrophic hypogonadism
(high gonadotrophins and low testicular volumes), indicating primary
gonadal failure. Alternatively, puberty may be delayed as a result of
hypogonadotrophic hypogonadism, indicating a central cause. In boys
with delayed puberty (testicular volumes <3 ml at 14 years), pubertal
induction with testosterone should aim to initiate and maintain the
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development of secondary sexual characteristics in line with their
peers. Assessment of fertility in adulthood includes measurement of
testicular volume, serum gonadotrophin and testosterone levels and
semen analysis (Skinner et al., 2017).

Survey of Centres in Europe and
the USA Offering
Cryopreservation of Immature
Testicular Tissues
A first survey of the European and Israeli centres offering cryop-
reservation of immature testicular tissues was performed in 2012
(Picton et al., 2015). In this survey, results from seven centres were
taken into account. In order to determine recent developments in the
field of male fertility preservation, the survey was repeated using an
extended questionnaire prepared by the special interest groups (SIG)
Andrology and SIG Fertility Preservation of ESHRE. The questionnaire
was sent in total to 22 contact persons from Europe and the USA,
and responses were received from 17. Survey data contain information
from 24 sites (of which some are part of a network) offering a fertility
preservation programme to cryopreserve immature testicular tissues.
Four of the remaining five contact persons stated that they were indeed
involved in collection of samples for cryopreservation, but that their
data were reported by a co-ordinating centre, and one person was
no longer situated at a clinic offering cryopreservation of testicular
tissues.

The 24 sites are located in Europe (Scandinavia, Iceland, the UK,
Belgium, the Netherlands, France, Spain, Germany), USA, Israel and
Jordan. It is of note that some co-ordinating centres offer cryopreser-
vation of immature testicular tissues to a number of collaborating
clinics in the frame of national or even international networks: in
the frame of the Nordfertil network, testicular tissues are obtained
in clinics located in Finland as well as Iceland and Sweden and are
then centrally stored at the University Hospital in Helsinki and at
Karolinska Institutet and Karolinska University Hospital, respectively.
The network in the UK stores samples in Edinburgh and Oxford, while
research is currently conducted in Edinburgh using shared samples. The
German Androprotect Network currently comprises three German
clinics as tissue retrieval sites and the University Clinic Münster as
a central location for storage of cryopreserved samples. Finally, as
recently published (Valli-Pulaski et al., 2019), the North American
network consisting of 11 international sites has centralised the cry-
opreservation of samples at the University of Pittsburgh School of
Medicine.

Impressively, while the absolute number of cryopreserved tissues
was around 260 at the time of the last survey in 2012, the total number
was 1033 in this 2019 survey, constituting a 4-fold increase (Table I).
This number adds to the recently estimated total of 700 testicular
samples stored worldwide (Valli-Pulaski et al., 2019) and demonstrates
the increasing efforts and acceptability for fertility preservation strate-
gies in boys. This development is also reflected by the fact that the
healthcare systems at least partially bear the costs for collection and
storage of the tissues in at least half of the co-ordinating centres.
This appears to be a rather recent development, as according to the
survey from 2012 (Picton et al., 2015) costs were still covered by
hospitals and research grants (six centres) or even by the patients (one
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centre). An overview of the results from the questionnaire from 2019
is provided in Table I.

In line with the previous survey, the age of patients undergoing
testicular biopsy for preservation of spermatogonia ranged from a
few months to 18 years of age. Interestingly, the number of samples
currently stored is almost identical to the number of patients who
underwent testicular tissue retrieval. Considering that those samples
have not yet been used for the purpose of fertility restoration, these
numbers indicate that few samples have been discarded. One potential
reason for discarding a sample is the death of a patient. While some
sites allow for the use of these samples for research, samples have
to be discarded after a death at other sites. However, with informed
consent from patients or parents the tissue can be donated for research
studies.

An obvious change over the past 7 years is the composition of
the patient groups seeking fertility preservation. While in 2012 the
majority of centres had stored tissues from patients prior to onco-
logical treatments, only four centres had cryopreserved tissues from
patients with non-malignant diseases facing the risk of germ cell loss
(Picton et al., 2015). In 2019, all co-ordinating sites stated that they also
recruit patients with non-malignant disease. It is also of note that the
proportion of tissues from patients with non-malignant diseases ranges
from 2 to 91%, while this patient group makes up ≥50% or more in four
cryopreservation sites already.

In line with this development, the list of diseases mentioned as
indications for testicular tissue banking in boys has become more
diverse, in particular for the non-malignant diseases (Fig. 2A–C).

Taking 1015 of the 1033 reported testicular biopsies into account
for which clinical information was provided, patients were generally
categorised as having malignant diseases (n = 630), non-malignant dis-
eases (n = 280) and non-haematological genetic abnormalities (includ-
ing gonadal dysgenesis syndromes and disorders of sex development;
n = 105). Within these three subcategories, the most prominent dis-
eases were further classified. Among the malignant disorders, diagnosis
of haematological disorders and tumours of the central nervous system
were the most common diseases, whereas sickle cell disease and
Klinefelter syndrome were the most common indications for fertility
preservation among the non-malignant and genetic diseases, respec-
tively (Fig. 2A–C).

The questionnaire also inquired about the legal restrictions concern-
ing the cryopreserved testicular tissues, which are regulated in the
informed consent forms. While most sites do not have any specific
restrictions regarding the maximum storage time, individual sites do
require annual systematic contact with the patient’s parents or the
patient once he has turned 18 years of age. None of the sites has
reported a minimum age for fertility preservation measures.

Finally, all sites stated that the gonadal tissues are considered to be
tissues and not gametes, which has implications with regard to the legal
regulations, including reimbursement and storage costs.

Fertility Restoration: Future
Options
Although fertility preservation programmes for prepubertal boys are in
place in several medical centres around the world, methods to restore
fertility with the cryopreserved testicular tissue are still in development.
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Table I Results based on the questionnaire prepared by the Andrology and Fertility Preservation special interest groups
of ESHRE.

Results from sites collecting
testicular tissues

Number of cases/
samples (total)

Range of cases/samples
(lowest-highest)

.......................................................................................................................................................................................
(i) How many immature patients underwent
testicular tissue retrieval as a strategy for
fertility preservation?

1033

(ii) How many samples are currently stored? 989

(iii) What was the age range of pre-pubertal
patients?

3 months −18 years

(iv) Do you also recruit non-malignant
patients?

Yes (all)

(v) What is the proportion of malignant
cases?

2–98%

(vi) Which cryopreservation protocol was
applied?

Slow freezing (all)

(vii) Which cryoprotectant was used? DMSO (5)
DMSO and sucrose (1)
DMSO & HSA (3)/or patient serum &
sucrose (2)
DMSO & ethylene glycol (1)
PBS & ethylene glycol, HSA & sucrose
(1)

(viii) Who pays for collection of tissue? Health insurance (3)
Combination of health insurance and
charitable funds/grants/institution (3)
Study (1)
Study plus charitable donation (1)
The hospital (3)

(xiv) Who pays for storage? Healthcare (4)
Healthcare plus charitable funds (1)
Study plus the patient (after 1 year of
storage) (1)
Study plus charitable donation (1)
The hospital/institutional money (4)

DMSO = dimethyl sulfoxide; HSA = human serum albumin.
Numbers between brackets show the number of times this answer was given.

Currently, research is focused on three approaches: SSC propagation
and auto-transplantation, testicular tissue auto-grafting and in vitro
spermatogenesis.

SSC propagation and auto-transplantation
In vitro propagation of SSCs followed by auto-transplantation into the
seminiferous tubules via the rete testis is considered the only method
for restoration of fertility with the potential to father a child via natural
conception. In short, the proposed future clinical cell therapy will
consist of isolation of testicular cells from the cryopreserved testicular
biopsy to propagate the SSC subpopulation in vitro. Subsequently,
these propagated SSCs will be auto-transplanted into the testis of the
childhood cancer survivor who was rendered infertile due to previous
treatment(s). After transplantation, the SSCs will colonize the testis,
undergo spermatogenesis and provide continuous sperm production
allowing natural conception to occur (Brinster, 2007). This concept
of sperm generation after SSC transplantation was first shown to be
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successful in 1994 in a mouse model (Brinster and Zimmermann, 1994)
and has since been translated to other animal models, including non-
human primates (Hermann et al., 2012): the latter demonstrated the
proof-of-principle for colonization of non-human primate SSCs after
transplantation (Schlatt et al., 1999) and successful embryo develop-
ment using transplanted SSC-derived spermatozoa (Hermann et al.,
2012). This method was reproduced and further optimised using
isolated human cadaver testes (Ning et al., 2012; Faes et al., 2013; Faes
et al., 2017). Of interest, natural conception after SSC transplantation
was successfully achieved in a mouse model and healthy offspring were
obtained for two generations, as indicated by normal general develop-
ment and absence of numerical chromosomal abnormalities or abnor-
mal epigenetic marks (Goossens et al., 2009; Goossens et al., 2010).

Because of the limited number of SSCs in biopsied prepubertal
testicular tissue, propagation of SSCs will be required for successful
clinical application of SSC auto-transplantation. Long-term propagation
of SSCs was established for the first time in 2003 in a mouse model
(Kanatsu-Shinohara et al., 2003). Even after long-term (2 years)
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Figure 2 Subclassification and proportions of cryopreserved testicular tissue samples. Data are shown for patients with malignant
diseases (n = 630; cancer treatment as indication for FP) (A), non-malignant diseases (n = 280; HSCT as indication for FP) (B) and genital, testicular
or sexual disorders (n = 105; testicular pathology or risk for it as indication for FP) (C). CNS = central nervous system; FP = fertility preservation;
HSCT = hematopoietic stem cell transplantation; NOA = non-obstructive azoospermia.

propagation in vitro, these mouse SSCs were able to colonise the
testis upon transplantation and produce differentiating germ cells,
which could be used to generate healthy offspring after round
spermatid injection and ICSI. Subsequently, in vitro SSC propagation
was achieved in various animal models including rat (Hamra et al.,
2005), bovine (Aponte et al., 2008), porcine (Zhang et al., 2017) and
tree shrew (Li et al., 2017). More importantly, for future restoration
of fertility using auto-transplantation, human SSCs from adult and
prepubertal testis tissue have been propagated in vitro and their
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ability to home into their niches within the seminiferous tubules of
a recipient testis has been demonstrated by xeno-transplantation
(Sadri-Ardekani et al., 2009; Sadri-Ardekani et al., 2011). Similar human
SSC propagation cultures, with minor adaptations in culture medium,
have subsequently been reported (He et al., 2010; Koruji et al.,
2012; Conrad et al., 2014; Zheng et al., 2014; Dong et al., 2019).
Although there is proof-of-principle on the ability of human SSCs
to propagate in vitro, the remaining somatic cells also propagate in
this cell culture method resulting in somatic cell overgrowth and a
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very low percentage of SSCs. Therefore, further characterization of
human SSC culture conditions is required to improve SSC isolation
and propagation. Several specific molecular markers have been
suggested to quantify human SSCs in culture (He et al., 2010;
Kossack et al., 2013; Smith et al., 2014; Zheng et al., 2014), and
recent studies described the gene expression profile of several
spermatogonial subtypes (Guo et al., 2018; Hermann et al., 2018;
Wang et al., 2018; Sohni et al., 2019), but none of these can speci-
fically identify SSCs. SSCs can only be conclusively distinguished from
the undifferentiated spermatogonial population by their stem cell
properties of self-renewal and differentiation using the transplanta-
tion assay, where an almost linear correlation between the extent
of spermatogenesis and the number of transplanted SSCs was
demonstrated in mice (Dobrinski et al., 1999). A limited number of
papers have reported the capacity of cultured human SSCs sorted
for a selected marker to migrate to the SSC niche on the seminiferous
membrane after xeno-transplantation in the mouse testis (Langen-
stroth et al., 2014; Nickkholgh et al., 2014a). Identifying specific markers
(or a combination of markers) for SSCs will be pivotal for optimising
SSC propagation in vitro and for developing standardised protocols for
SSC transplantation therapy.

Clinical translation of SSC therapy is also dependant on the stability
and safety of propagated SSCs. Data on genetic and epigenetic
stability of SSCs during culture or upon differentiation are limited
and mainly involve animal models (Kanatsu-Shinohara et al., 2005;
Langenstroth-Rower et al., 2017). On the other hand, in several studies
it has been shown that transplantation of uncultured or cultured
SSCs did not lead to tumours in the testes of recipients 3 months
after transplantation in a mouse model or in a human-to-mouse
xeno-transplantation model (Nagano et al., 2002; Sadri-Ardekani
et al., 2009; Sadri-Ardekani et al., 2011; Nickkholgh et al., 2014b)
indicating no tumorigenic transformation of the SSCs in these studies.
Also, after transplantation of cultured SSCs in a mouse model,
no differences were observed in health effects compared to non-
transplanted control mice in terms of increased risk of tumorigenesis
and life expectancy (Mulder et al., 2018). However, more sensitive
methods are needed to address the safety aspect more in detail,
and exclude potential genetic and epigenetic changes in the cultured
cells.

A drawback of transplanting cells from a testicular biopsy is the
potential risk to reintroduce cancerous cells that have been infiltrating
the testis before biopsy. Such a risk might occur in patients with
non-solid tumours such as leukaemia or blood-metastasising tumours.
Although, several papers have reported promising results for cell
sorting of leukemic cells from testicular cell suspensions (Dovey et al.,
2013; Sadri-Ardekani et al., 2014), other studies highlight the risk of
cancer cell contamination in such testicular cell preparations (Hou et
al., 2007, 2009; Kilcoyne and Mitchell 2019). In conclusion, currently
there are no clinical methods available to exclude the possibility of
potential cancer contamination in testicular cells or tissue samples.
Therefore, these samples should not be used in clinical re-implantation
strategies.

Taken together, during the last decade progress has been made on
several aspects of a future SSC transplantation therapy to restore
fertility in childhood cancer survivors. The most critical step in this
therapy will be optimising SSC propagation in vitro to establish a safe
and feasible SSC auto-transplantation therapy.
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Testicular tissue auto-grafting
Transplantation of fragments of testicular tissue provides an alternative
strategy to the use of SSC suspensions. This approach maintains
the SSCs within their unexposed natural niche, thus preserving the
interactions between the germ cells and their supporting somatic
cells. Autologous transplantation of the testicular biopsy can however
only be proposed for restoring spermatogenesis if the presence of
malignant cells can be excluded (Kilcoyne and Mitchell, 2019).

Tissue can be grafted to an ectopic or homotopic location. Initially,
in mouse models, grafting was performed to ectopic sites, such as
in the peritoneal space, the ear or under the back skin (Boyle et al.,
1975; Schlatt et al., 2002). Full spermatogenesis was reported in
xenografts from several species (Honaramooz et al., 2002; Schlatt et al.,
2002; Schlatt et al., 2003; Honaramooz et al., 2004; Oatley et al., 2004;
Snedaker et al., 2004; Rathi et al., 2006; Zeng et al., 2006; Abrishami
et al., 2010; Liu et al., 2016), but never in xenografts from marmoset
(Schlatt et al., 2002; Wistuba et al., 2004) or human (Goossens et al.,
2008). The higher temperature at these ectopic sites compared with
the scrotum was suggested to be the cause of either sclerosis of the
graft or meiotic arrest. Consequently, tissue was grafted to the scro-
tum of castrated animals. Xeno-transplantation of immature human
testicular tissue to the scrotum of immunodeficient mice maintained
SSC proliferation (Wyns et al., 2007) and permitted initiation of
differentiation up to the spermatid stage on histological morphological
examination, although differentiation appeared abnormal based on
electron microscopy characteristics and immunocytochemical markers
(Wyns et al., 2008). The potential to successfully restore fertility might
be improved by transplanting human tissue under the tunica albuginea
of the testis (intratesticular grafting) as, in mice, this technique proved
highly efficient with the re-establishment of full spermatogenesis in
all of the grafts (Van Saen et al., 2009). Spermatogenesis has also
been achieved using prepubertal primate tissue xenografted into the
mouse testis. So far, the most advanced germ cell type obtained
after xenografting non-human primate immature testis tissue to mouse
testis is secondary spermatocytes specified by Boule Homolog and
phosphorylated H2A histone family member X expression (Ntemou
et al., 2019b).

Compared with ectopic xenografting, xenotransplantation of
prepubertal human testis tissue into the mouse testis also resulted in
better graft survival and initiation of germ cell differentiation (Van Saen
et al., 2011). Although meiosis could be observed after intratesticular
grafting of human testis tissue into the mouse, a considerable loss
of SSCs was reported. This loss resulted from degeneration of
tubules in the centre of the graft, possibly due to hypoxia during
the first days after grafting (Van Saen et al., 2013). To reduce this SSC
loss, early blood supply to the grafted tissue should be stimulated.
Vascular endothelial growth factor (VEGF) is an important regulator
of angiogenesis during development as well as in adulthood (Holmes
and Zachary, 2005). In bovine, VEGF-treated grafts showed increased
graft weight and more tubules contained elongating spermatids. These
VEGF-treated grafts tended to have a better vasculature compared
with control grafts (Schmidt et al., 2006). In addition to its role in
angiogenesis, VEGF also regulates SSC homeostasis (Caires et al.,
2012). In vitro treatment with VEGF prior to grafting prevented germ
cell death and stimulated differentiation in bovine grafts (Caires et al.,
2009). When immature human testicular tissue was embedded in
hydrogel loaded with VEGF-nanoparticles before transplantation to
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the mouse scrotum, revascularisation and spermatogonial survival
improved (Poels et al., 2016). This was also the case when immature
human testicular tissue was pretreated with VEGF in vitro before
intratesticular xenotransplantation. However, VEGF did not influence
germ cell differentiation (Ntemou et al., 2019a).

Autologous transplantation has been performed in non-human pri-
mates. When testicular fragments were grafted under the skin of
adult marmosets or rhesus macaques, meiotic arrest was observed in
the grafts (Luetjens et al., 2008; Jahnukainen et al., 2012). However,
fragments grafted to the scrotum re-established full spermatogenesis,
although spermatogenic efficiency remained poor (Luetjens et al.,
2008, Jahnukainen et al., 2012). In 2016, healthy monkeys were born
after ICSI using sperm from ectopic xenografts (Liu et al., 2016). In
2019, transplantation of macaque testicular fragments to castrated
immature macaques (under the skin and in the scrotum) showed
very high efficiency of fertility restoration, with the birth of a healthy
female baby after ICSI (Fayomi et al., 2019). Neither the addition
of Matrigel nor cryopreservation nor graft location had an impact
on the percentage of tubules displaying complete spermatogenesis.
Interestingly, compared to other studies, in this study, unusually large
fragments were transplanted (9–20 mm3).

Ectopic or scrotal grafting always has to be combined with ICSI in
order to generate offspring. Also, for intratesticular grafts, it is still
an open question whether connections can be established between
grafted and endogenous tubules, ensuring a functional excretory sys-
tem. However, grafting studies in rodent models have never reported
the presence of donor-derived spermatozoa in the epididymis and,
thus, the chance for natural reproduction may be very small. Due to
the lack of an excretory system in case of the intratesticular/scrotal
grafts, spermatozoa and fluid may accumulate and cause damage to the
testis epithelium (Pilsworth et al., 1981). Therefore, spermatogenesis
in grafts may not occur indefinitely.

In vitro differentiation of male germ cells
obtained before and after puberty
Until robust decontamination protocols have been established, options
to restore fertility in patients with malignant haematological diseases
are limited to strategies enabling the isolation and cryopreservation of
sperm generated in vitro.

Studies in the late 1990s revealed a potential use of in vitro generated
sperm for fertility restoration in adult azoospermic patients. In these
studies, the in vitro differentiation of primary spermatocytes into hap-
loid cells could be observed after 48 h of culture (Tesarik et al., 1999).
Subsequently, these haploid cells were reported to be functional,
resulting in the birth of healthy babies after ICSI (Tesarik et al., 1999).
Later studies performed by other research groups revealed similar
results in terms of germ cell differentiation. In a study published in 2003,
co-cultures with Vero cells allowed the division of spermatocytes into
four cells, identified as haploid spermatids (Tanaka et al., 2003).

In 2014, functional haploid spermatids were generated by culturing
SSCs from adult patients with cryptorchidism in conventional con-
ditions (DMEM/F12 medium supplemented with 10% foetal bovine
serum, retinoic acid and stem cell factor) for 7 to 10 days. The
functionality of these in vitro generated haploid cells was tested by
injecting them into murine oocytes, resulting in the production of eight-
cell embryos (Yang et al., 2014).
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The combination of functional somatic cells in direct contact with
germ cells cultured in vitro has been reported by several groups to be
an important factor to ensure survival and differentiation of male germ
cells (for review, see Alves-Lopes and Stukenborg, 2017). In addition
to the direct contact of different cell populations, the importance
of a functional microenvironment resembling the 3D organization of
the seminiferous epithelium in situ has been highlighted in several
studies. Three-dimensional conditions, such as explant testicular tissue
cultures or testicular organoids, are today the most promising strate-
gies for establishing a functional in vitro tool for fertility preservation
(Alves-Lopes and Stukenborg 2017; Oliver and Stukenborg 2019).

Historically, the first organotypic culture of testicular tissue from
prepubertal rats was performed in 1964. The testicular fragments
were deposited on a thin layer of agarose positioned on a metal
grid allowing simultaneous contact between the culture medium and
the air (Steinberger et al., 1964). This method resulted in meiotic
entry and appearance of pachytene spermatocytes in testicular tis-
sue from 12-day-old rats after 2 to 3 weeks of culture (Steinberger
and Steinberger, 1965). The organotypic culture system then evolved
by removing the metal grid and replacing it with a semi-permeable
membrane. This new model has made it possible to maintain tissue
architecture over short periods of culture. Organotypic culture using
this membrane system allowed the evaluation of freezing protocols
for prepubertal mouse testicular tissue. This work has shown the
growth of seminiferous tubules, the maintenance of intra-tubular cell
proliferation and the initiation of meiosis up to zygotene spermatocytes
(Milazzo et al., 2008). In humans, the culture of prepubertal testicular
tissue has allowed the survival of spermatogonia and the maintenance
of seminiferous tubule architecture (Kvist et al., 2006; Keros et al.,
2007). However, semi-permeable membrane culture did not produce
complete spermatogenesis.

In 2010, the use of agarose blocks on which the testicular frag-
ments are deposited combined with a modification of the culture
medium allowed the progression of spermatogenesis up to round
spermatids from prepubertal mouse testicular tissue (Gohbara et al.,
2010). Complete spermatogenesis was reported in fresh prepubertal
mouse testicular tissue by replacing foetal bovine serum with Knockout
Serum Replacement. Viable and fertile progeny were subsequently
obtained after ICSI (Sato et al., 2011). Similar results have been
reported after culture of prepubertal mouse testicular tissue previously
frozen by uncontrolled slow freezing or vitrification (Yokonishi et al.,
2014). The yield of in vitro spermatogenesis has been enhanced after
culture of fresh or frozen prepubertal mouse testicular tissue with
retinol in the culture medium (Arkoun et al., 2015). More recently, a
microfluidic culture system that allows the culture of testicular tissue in
monolayer for more than 6 months with continuous circulation of the
culture medium significantly increased the production of post-meiotic
cells from fresh prepubertal mouse testicular tissue (Komeya et al.,
2017). To date, the mouse is the only species in which complete sper-
matogenesis has been obtained from testicular fragments resulting in
functional sperm. However, one study reported complete meiosis after
culture on agarose gel of fresh rat prepubertal testicular tissue, without
reaching elongated sperm production (Reda et al., 2016). In the same
year, culture of seminiferous tubules using chitosan produced haploid
cells from prepubertal rat testicular tissue and human testicular tissue
from adult males treated with oestrogen within the context of gender
dysphoria. However, spermatids were observed in male seminiferous
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Table II Current challenges in the field of male fertility preservation.

.......................................................................................................................................................................................
Clinical challenges

1. Optimization of patient inclusion and exclusion criteria

2. Standardization of protocols for the collection and cryopreservation of testicular tissue

3. Optimization of protocols for the management and transportation of tissue between the procurement site and cryopreservation site

4. Development of protocols for quality assurance before and after storage

5. Development of protocols for minimal residual disease testing of testicular tissue

6. Development of protocols for follow-up of patients after testicular biopsy

Research challenges

1. Development of protocols for cell sorting to isolate spermatogonial stem cells (SSCs) and/or exclude cancer cells

2. Optimization of protocols for propagation of SSCs

3. Obtaining proof-of-concept of auto-transplantation methodologies for testicular tissue and SSCs in human

4. Development of protocols for IVM of human SSCs

5. Evaluation of the genetic and epigenetic stability and hence safety of cryopreserved, cultured and transplanted human SSCs and in vitro-derived sperm

6. Assessment of the fertilising capacity of sperm obtained after fertility restoration

tubules as early as 34 days of culture instead of the usual 72 days in
physiological conditions (Perrard et al., 2016). More recently, meiotic
(Medrano et al., 2018) and post-meiotic (Abofoul-Azab et al., 2018)
cells have also been obtained from children aged 7 to 14 years, after
organotypic culture of testicular tissues or 3D-culture conditions using
dissociated cells, respectively. In addition, a study using frozen testicular
tissue from young boys aged 2 to 12 years revealed the production
of haploid cells after organotypic culture (de Michele et al., 2018b).
However, to date, no studies have reported the in vitro production of
spermatozoa from human prepubertal testicular tissue. Studies on the
molecular mechanisms during organotypic culture that could explain
the absence of spermiogenesis showed incomplete establishment of
the blood-testis barrier (de Michele et al., 2018a).

The lack of a reliable functional approach and experimental condi-
tions that mimic specific endocrine and paracrine pathways needed for
male germ cell differentiation highlight the need for more research to
establish robust in vitro conditions for fertility preservation in males.

Ethical Issues of Testicular
Tissue Cryopreservation
The main ethical issue regarding fertility preservation in prepubertal
boys remains the experimental nature of the intervention. Clinical
research involving children is subject to a strict balance between
burdens and risks on the one hand and the anticipated benefit for the
child on the other hand (Lee, 2018). Given the fact that efficacy of
the subsequent clinical applications has not been proven, it is crucial
to offer the procedure only if the risks and burdens for the child are
kept to a minimum. Thus, contrary to the situation for postpubertal
patients where cryopreservation of sperm should be proposed, offer-
ing testicular tissue cryopreservation in prepubertal boys is ethically
permissible in some cases but is not ethically required (McDougall
et al., 2018). Some authors suggest that testicular tissue cryopreser-
vation should not be restricted to the experimental setting (Ruutiainen
et al., 2013). However, in a field that is notorious for applying new
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technologies without the necessary safeguards, it seems premature
to move testicular tissue cryopreservation out of the experimental
setting because of possible negative effects on patients (including the
parents) and because all three steps of the technology (collection, cry-
opreservation and re-transplantation) do not fulfil the basic criteria to
be considered as innovative treatment: no proof-of-principle in humans
and, as a consequence, no data on safety, procedure and effectiveness
(Provoost et al., 2014). The proposal to allow the application outside
the experimental setting was meant to increase access. However,
problems of access can be solved in other ways than by changing the
scientific status (Mertes and Pennings, 2013).

The benefit of the technology is determined by the importance
attributed to genetic parenthood and by the belief in scientific progress.
Parents’ beliefs in scientific progress that will enable the use of the
stored material influences their willingness to have their child undergo
the tissue collection (Ginsberg et al., 2014). This belief changes the
assumed balance of harms and benefits. Still, one may wonder when
belief in scientific progress turns into therapeutic misconception or
false hope. Moreover, as soon as some degree of scientific progress is
envisioned, other alternative developments should also be considered.
Stem cell-derived gametes, from induced pluripotent stem cells for
instance, may be a possibility in the future, thus making the surgical
intervention to harvest testicular tissue redundant (Hayashi et al.,
2011). However, today there is no robust protocol available allowing
the differentiation of human pluripotent stem cells into functional
germ cells.

The main justification for offering fertility preservation is the possi-
bility to preserve the ability to have genetically related children. The
importance of this possibility is corroborated by studies indicating the
importance of fertility in (surviving) cancer patients. However, another
indicator of the importance could be the utilization rate of the stored
material. While the majority of the cancer patients indicate that having
genetically related children is important, the present utilization rate of
frozen sperm in cancer patient populations is very low (Ferrari et al.,
2016). The general investment needed for re-transplantation makes it
highly likely that even fewer men will avail themselves of this option
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after testicular tissue cryopreservation. Follow-up research on future
use is necessary for the ethical evaluation.

The Next Challenges
Since testicular tissue grafting is a relatively easy technique and has
been proven successful in primates, the next step is to obtain proof-
of-concept in humans. Some experts in the field have recommended
transplanting multiple tissue fragments to different sites on the body in
order to have a realistic chance of retrieving spermatozoa. However,
it should be noted that testicular tissue grafting would include a second
surgery to retrieve spermatozoa to be used in ART.

For patients at risk of testicular tissue contamination by cancer cells,
effective strategies to ensure the removal of malignant cells from the
tissues need further study. As the efficiency of SSC transplantation is
rather low in mice and because biopsies taken from prepubertal boys
are small and contain few SSCs, the SSCs should be propagated in vitro
prior to transplantation to increase the chance of fertility restoration.
However, in vitro culture systems need further optimization concerning
efficiency and safety before they are suitable for clinical application.

As an alternative approach to transplantation, in vitro spermato-
genesis using patient tissue may be a future option; however, this
methodology requires extensive further research before it could be
suitable for clinical application (Table II).

Conclusion
Worldwide, fertility preservation is increasingly being offered to pre-
pubertal male patients who are at risk of germ cell loss. Since the first
survey in 2012, the number of patients with stored testicular tissue
has increased from 266 to 1033. At the same time, important scientific
progress has been made concerning fertility restoration methods.
The technique of SSC transplantation has been translated to human
cadaver testis, proof-of-concept has been obtained for testicular tissue
grafting in non-human primates, and important steps have been taken
in establishing spermatogenesis in vitro.

Considering the progress that has been made and the barriers that
still have to be overcome, the first patients eligible for autologous
transplantation of testicular tissue or cell suspensions are likely to
be those treated for solid non-metastatic tumours or non-malignant
diseases, as for these patients there is no known risk of re-introducing
malignant cells into the testis. However, until successful clinical trials
demonstrating safety and efficacy of fertility restoration have been
conducted, testicular tissue cryopreservation for fertility preservation
should remain experimental.
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study question: What clinical practices, patient management strategies and experimental methods are currently being used to preserve
and restore the fertility of prepubertal boys and adolescent males?

summary answer: Based on a review of the clinical literature and research evidence for sperm freezing and testicular tissue cryopreser-
vation, and after consideration of the relevant ethical and legal challenges, an algorithm for the cryopreservation of sperm and testicular tissue is
proposed for prepubertal boys and adolescent males at high risk of fertility loss.

what is known already: A known late effect of the chemotherapy agents and radiation exposure regimes used to treat childhood
cancers and other non-malignant conditions in males is the damage and/or loss of the proliferating spermatogonial stem cells in the testis. Cryo-
preservation of spermatozoa is the first line treatment for fertility preservation in adolescent males. Where sperm retrieval is impossible, such as in
prepubertal boys, or it is unfeasible in adolescents prior to the onset of ablative therapies, alternative experimental treatments such as testicular
tissue cryopreservation and the harvesting and banking of isolated spermatogonial stem cells can now be proposed as viable means of preserving
fertility.

study design, size, duration: Advances in clinical treatments, patient management strategies and the research methods used to
preserve sperm and testicular tissue for prepubertal boysand adolescents were reviewed.A snapshot of the up-takeof testis cryopreservation as a
means to preserve the fertility of young males prior to December 2012 was provided using a questionnaire.

participants/materials, setting, methods: A comprehensive literature review was conducted. In addition, survey results
of testis freezing practices in young patients were collated from 24 European centres and Israeli University Hospitals.
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main results and the role of chance: There is increasing evidence of the use of testicular tissue cryopreservation as a means to
preserve the fertility of pre- and peri-pubertal boys of up to 16 year-old. The survey results indicate that of the 14 respondents, half of the centres
were actively offering testis tissue cryobanking as a means of safeguarding the future fertility of boys and adolescents as more than 260 young
patients (age range less than 1 year old to 16 years of age), had already undergone testicular tissue retrieval and storage for fertility preservation.
The remaining centres were considering the implementation of a tissue-based fertility preservation programme for boys undergoing oncological
treatments.

limitations, reasons for caution: The data collected were limited by the scope of the questionnaire, the geographical range of
the survey area, and the small number of respondents.

wider implications of the findings: The clinical and research questions identified and the ethical and legal issues raised arehighly
relevant to the multi-disciplinary teams developing treatment strategies to preserve the fertility of prepubertal and adolescent boys who have a
high risk of fertility loss due to ablative interventions, trauma or genetic pre-disposition.

study funding/competing interest(s): The work was funded by the European Society of Human Reproduction and
Embryology (ESHRE). There were no conflicts of interest.

trial registration number: Not applicable.
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Introduction
Cancer is a major cause of non-accidental mortality in children and ado-
lescents. However, as a result of the remarkable improvements in treat-
ments, childhood and adolescent cancer mortality rates are now
declining with significant declines being recorded for multiple cancer
types (Smith et al., 2014). Results from European and US data suggest
that long-term survival can be expected in �80% of the children and ado-
lescent diagnosed with cancer (Desandes, 2007; Hudson, 2010). Indeed,
recent estimates suggest that�1 in 530 young adults between the ages of
20 and 39 years is a childhood cancer survivor (Ward et al., 2014). Un-
fortunately, just like the rapidly dividing malignant cells that are their
primary targets, proliferating spermatogonial stem cells (SSCs) in the
testis are damaged by exposure to chemotherapy agents and radiation
treatments. Thus the treatments used to cure the cancer may render
the patients temporarily or permanently infertile. Furthermore, gonado-
toxic treatments are increasingly used to cure a range of non-malignant
conditions in children. Finally, underlying genetic causes, such as Klinefel-
ter’s syndrome, may lead to premature germ line stem cell loss in boys
(Gies et al., 2012; Van Saen et al., 2012; Rives et al., 2013).

Different strategies have been developed to safeguard the fertility of
these young patients. Cryopreservation of spermatozoa is routinely
used to preserve fertility in men (Sharma, 2011), and there is an increas-
ing evidence base documenting the efficacyof sperm cryopreservation as
the first line fertility preservation treatment in adolescents (Daudin et al.,
2015). However, for some adolescents it may not be possible to recover
sperm prior to the onset of ablative therapies and semen production is
clearly not an option for prepubertal boys. Testicular tissue and SSC
cryopreservation are therefore now being considered as experimental
strategies for fertility preservation in those young individuals who are
facing the prospects of loss of their SSCs as a result of exposure to gona-
dotoxic therapies or for genetic conditions. This summary paper will
review the current practices used for fertility preservation in prepubertal
boys and adolescents. It will provide insights into the state of the art of
SSC and testicular tissue cryopreservation as means to preserve the
future fertility of young patients. The reader is referred to the online
version of this paper for a detailed overview of the cytotoxic impact of

chemotherapy and radiation treatments on the testis and subsequent
disruption of future fertility in boys and adolescents that underpins the
need for fertility preservation in these young patients.

Current practices of fertility
preservation in prepubertal boys
and adolescents
The current interventions used to preserve fertility in males range from
the use of validated clinical procedures such as semen collection and
sperm cryopreservation to the adoption of experimental methodologies
such as slow freezing or vitrification of immature testicular tissue or the
use of research-based drug therapies that reduce or shield the testis from
the gonadotoxic impact of chemotherapy or radiation treatments (Wyns
et al., 2010). Hormonal approaches to conserve fertility have not proven
to be useful in males (for review see Shetty and Meistrich, 2005) and anti-
apoptotic agents such as sphingosine-1-phosphate have been shown to
be of limited value (Suomalainen et al., 2003). Co-administration of the
immunomodulating compound AS101 during cyclophosphamide treat-
ment appears to provide protection against cytotoxic damage without
attenuating the anticancer effect in animal studies (Carmely et al.,
2009). AS101 may act via Akt/GSK-3beta phosphorylation (Carmely
et al., 2009). Whether AS101 has a similar protective effect in primate
testes has yet to be evaluated.

Sperm cryopreservation and storage for
adolescent patients
The fertility preservationstrategy that has been used for many decades to
safeguard the future fertility of adults (Crabbé et al., 1999; Sharma, 2011)
and adolescents (Daudin et al., 2015) is the cryopreservation and long-
term storage of ejaculated or testicular spermatozoa. With regard to
adolescent patients, recommendations advocate that patients are
informed of their need for fertility preservation and the options available
to them as early as possible during the planning of their treatment (Lee
et al., 2006). Indeed the presence of a cryostorage depot facility for
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spermatozoa has been shown to contribute positively to the patient’s
psychological health and confidence in post-survival fatherhood in both
adults and adolescents (Saito et al., 2005; Edge et al., 2006). Despite
the fact that cryopreservation of spermatozoa is recognized as the only
effective fertility preservation technique for males facing gonadotoxic
treatments, a study performed in the USA revealed that only about
50% of physicians offered cryopreservation to a quarter of their patients
prior to the start of potentially gonadotoxic therapies (Schover et al.,
2002). A recent study of 23 French regional sperm banks recorded con-
siderable inter-centre variation in practices involving young patients
seeking to preserve their fertility before cancer therapy (Daudin et al.,
2015). Indeed, it is mostly young adults who undertake sperm storage
and the mean age varies depending on the underlying disease. Stable
partnerships are rare in the younger males (up to 24%) (Kliesch et al.,
2010; Behringer et al., 2012) and are not relevant when considering fer-
tility preservation in prepubertal boys and adolescents. The most
common malignant diseases for semen storage are testicular tumours,
Hodgkin’s or Non-Hodgkin’s lymphoma, leukaemia or bone tumours
with some additional non-malignant conditions with indications for gona-
dotoxic treatments (Kliesch et al., 2010; Daudin et al., 2015). Semen
characteristics vary with both patient age and type of cancer (Daudin
et al., 2015). However in testicular cancer patients, semen parameters
may be significantly reduced at time of diagnosis compared with other
malignancies, with oligozoospermia occurring in up to 60% of cases.
Approximately 60% of males with lymphoma or leukaemia are normo-
zoospermic, but 14% of testis cancer patients are azoospermic (with
an additional 5% with anejaculation) compared with only 3% azoosper-
mia in lymphoma (van der Kaaij et al., 2009; Kliesch et al., 2010).

Semen can be cryopreserved for adolescent boys in more than 80% of
cases (Kliesch et al., 1996; Bahadur and Raiph, 1999; Bahadur et al., 2006;
Van Casteren et al., 2008a; Menon et al., 2009; Daudin et al., 2015). The
rate of azoospermia varies between 2.6 and 18% of patients (Van Caste-
ren et al., 2008a; Menon et al., 2009). However, up to 15% of adolescent
or adult patients may either fail to produce a semen sample or have insuf-
ficient spermatozoa present in the collected semen (see Table I). In ado-
lescents, measurements of testicular volume have been shown to be
helpful in predicting the chance for successful retrieval of spermatozoa
and semen production (Kliesch et al., 1996; Kamischke et al., 2004).
As soon as spermatogenesis has been induced, semen parameters can
be comparable to those of adult patients irrespective of the underlying
disease (Kliesch et al., 1996; Kamischke et al., 2004) (Table I).

The rules and recommendations for fertility preservation in males
differ between countries. There are no strict limitations concerning
semen quality or sperm numbers for fertility preservation strategies
and there are no international guidelines for the duration of storage of
spermatozoa, whether ejaculated or testicular. While standard semen
evaluation and documentation according to World Health Organization
(WHO, 2010) criteria prior to sperm cryopreservation is valuable for
fertility preservation patients, if vital sperm can be recovered even in
small numbers then sperm storage is possible, as the assisted reproduct-
ive technique (ART) post-thaw will facilitate the selection and use of
viable sperm for insemination (Nordhoff et al., 2013). However, it
must be noted that if there are fewer than 0.1 × 106 sperm/ml
present in the semen sample on freezing, then the success of semen
cryopreservation is likely to be significantly reduced. Most cancer
patients have reduced semen parameters at the time of cryopreservation
that will cause a decline in sperm quality after thawing. Nevertheless,
successful inseminations with samples stored for cancer patients have
been documented and range from 5 to 16% of patients (Van Casteren
et al., 2008b) provided that semen quality is high post-thaw. When IVF
or ICSI are applicable using cryopreserved spermatozoa success rates
are comparable to standard IVF and ICSI procedures in infertile
couples. Indeed, depending on the centre, pregnancy rates of 23–57%
have been recorded for fertility preservation patients (Agarwal et al.,
2004; Schmidt et al., 2004; Hourvitz et al., 2008; Van Casteren et al.,
2008b; Freour et al., 2012). To date no adverse effect of the combination
of cryopreservation of semen and subsequent ART has been reported
concerning the health of the offspring.

For patients with non-obstructive azoospermia, severe oligozoosper-
mia, necrozoospermia or ejaculation disorders, testicular sperm extrac-
tion (TESE) and storage are often the only acceptable means of tissue
retrieval for fertility preservation. The same techniques can be applied
in oncological (adolescent or adult) patients with azoospermia with
good results prior to cancer treatment. Post-therapeutically, TESE has
also been used successfully to obtain sperm in up to 50% of cases of
persistent azoospermia with previous failure of cryopreservation or
when cryopreservation had not been considered (Hsiao et al., 2011)
(Table II). The TESE procedure requires surgical intervention, either
with local or general anaesthesia with higher recovery rates obtained
following microsurgical techniques (Donoso et al., 2007; Colpi et al.,
2009; Ramasamy et al., 2009). If microsurgery is not available, multifocal
testicular biopsies from different sites of the testis can be used to increase

.............................................................................................................................................................................................

Table I Semen parameters of adolescents compared with adults at the time of cryopreservation.

Patients Age (years) Sperm concentration
(mill/ml)

Forward motility (%) Cryopreservation
performed (%)

Author

Adults (n ¼ 740) 20–39 34+6 (mean+ SD) 50+3 (mean+ SD 88 Kliesch et al. (1996) and
Kamischke et al. (2004)

Adolescents (n ¼ 111) 14–20 48+18 (mean+ SD) 48+5 (mean+ SD) 96 Kliesch et al. (1996) and
Kamischke et al. (2004)

Adolescents (n ¼ 80) 14–19 9+7 (median+ SEM) 26+2 (median+ SEM) 66 Van Casteren et al. (2008a)

Adolescents (n ¼ 156)
Adolescents (n ¼ 4004)

13–20 35+3 (mean+ SEM) 30+1 (mean+ SEM) 3 Menon et al. (2009) Daudin
et al. (2015)11–14 42+66 (mean+ SD) 33+21 (mean+ SD) 81

15–17 52+71 (mean+ SD) 37+21 (mean+ SD) 91
18–20 49+73 (mean+ SD) 39+21 (mean+ SD) 95
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the chance to detect focal spermatogenesis (Tournaye et al., 1996;
Tournaye, 2006; Dieckmann et al., 2007). However, this procedure
may have a negative impact on the vascularization of the testis following
the surgery. In patients with ejaculation disorders either medical or inter-
ventional treatments have been described (Sonksen and Ohl, 2002) but
how widely they are used is unclear.

Testicular tissue preservation for young
patients
There is increasing evidence of the use of testicular tissue cryopreserva-
tion as a means to preserve the fertility of prepubertal and peripubertal
boys of up to 16 years old (Wyns et al., 2011). This statement is sup-
ported by the findings of a recent questionnaire from the European
Society for Human Reproduction and Embryology (ESHRE) Task Force
on Fertility Preservation that was distributed to 24 European and
Israeli University hospitals prior to December 2012. Of the 14 respon-
dents, half (n ¼ 7) were actively offering testis tissue cryobanking for
fertility preservation in boys and adolescents, the remainder were
considering the implementation of a tissue-based fertility preservation
programme for boys undergoing oncological treatments (Table III). At

the time of the survey, more than 260 young patients had already under-
gone testicular tissue retrieval for fertility preservation although the
number of cases reported between centres was highly variable (range
12–98) (Table III). The age range of patients who had banked tissue
was comparable between centres and ranged from less than 1 year to
16 years of age. With very few exceptions, the greater majority of pre-
served tissue samples were still in cryostorage at the time of survey.
While the majority (n ¼ 6) of centres had cryobanked testicular tissue
from boys prior to oncological treatments for the indications detailed
in Table IV, four centres had also preserved testicular tissue from patients
with non-malignant indications that carried a high risk for fertility loss.
One centre had exclusively collected testicular tissue from Klinefelter
patients. All centres preserving testicular tissue in this survey had used
slow (equilibrium) freezing protocols to preserve tissue integrity dur-
ing long-term storage at liquid nitrogen temperatures. The majority of
centres preserving tissue used dimethyl sulphoxide (DMSO) combined
with sucrose as the preferred cryoprotective agents. Only one centre
had used an ethylene glycol-based protocol.

Management of fertility
preservation in prepubertal
boys and adolescents
Fertility preservation management requires a specialist team of highly
trained physicians and nurses involved in both oncology and reproduc-
tive medicine. Identifying and educating key staff capable of initiating
discussions on fertility preservation is vital to the success of fertility pres-
ervation strategies (Nagel and Neal, 2008). Where there is a risk of
gonadal damage and fertility loss, patients should be referred to the infer-
tility specialist by paediatric haematologists and oncologists before gona-
dotoxic treatment is initiated (Redig et al., 2011). It is essential that the
clinical team has a detailed knowledge of the hormonal events and tes-
ticular physiology around puberty in order to provide patients/parents
with accurate information. Parents need to be made aware of—and be
receptive to—fertility preservation options while young patients must

........................................................................................

TableII Results of testicular spermextraction(TESE) in
oncological patients with post-treatment azoospermia.

Study Patients with
TESE after
chemotherapy

Positive sperm
retrieval from
TESE samples

Damani et al. (2002) 23 15/23 (65%)

Mesegueret al. (2003) 12 5/12 (42%)

Zorn et al. (2006) 30 13/30 (43%)

Hibi et al. (2007) 5 3/5 (60%)

Hsiao et al. (2011) 73 27/73 (37%)

Total 182 80/181 (44%)

.............................................................................................................................................................................................

Table III Survey results of centres conducting testicular tissue banking for fertility preservation in boys and adolescents
across Europe.

Number of centres offering
the service

Number of cases/
samples (total)

Range of cases/samples
(lowest-highest)

(1) How many immature patients underwent
testicular tissue retrieval?

7 266 12–98

(2) How many samples are currently stored? 7 264 12–98

(3) What was the age range of patients? 0.8–16 years

(4) Do you also recruit non-malignant patients? Yes (6 centres), No (1 centre)

(5) Which cryopreservation protocol was used? Slow Freezing (all centres)

(6) Which cryoprotectant was used? DMSO (6 centres)
EG (1 centre)

(7) Who pays for the associated costs? Hospital/research grant (6 centres)
Patients (1 centre)

(8) Do legal restrictions apply for retrieval/storage? Yes (4 centres), no (3 centres)

DMSO, dimethyl sulphoxide; EG, ethylene glycol.
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also be receptive to discussions about fertility preservation, suitable to
their age, and be made aware of their health status, as appropriate.
Access to institution guidelines, human resources and appropriate
educational materials are also vital (Vadaparampil et al., 2008). There
is currently some debate as to whether testicular tissue should be
frozen in conjunction with sperm freezing as discrepancies may also be
found in the presence/absence of spermatozoa between intra-operative
analyses and definitive anatomopathological observations (Wyns et al.,
2011). Furthermore, the protocols used to preserve mature germ cells
differ from those used to preserve spermatogonia. This raises the
question of whether testicular tissue should be cryopreserved using
both protocols during peri-pubertal life from the age of 12 years.
Such a recommendation is based on concerns about the reproductive
potential of immature, haploid germ cells retrieved at early pubertal
stages. Indeed, although in vitro maturation of round spermatids
from adult testicular tissue has already led to the birth of healthy off-
spring (Tesarik et al, 1999), the fertilization competence of immature
haploid cells retrieved from peri-pubertal tissue still remains to be
proven.

Cryopreservation of spermatozoa for boys
and adolescents
The collection and cryopreservation of spermatozoa is the only vali-
dated, clinical technique available currently to safeguard the future fertil-
ity of peripubertal boys and adolescents (Fig. 1). Sperm banking should
always be offered as the first line treatment in those young patients

who can produce a semen sample since live births can be obtained
after ICSI even when only a few spermatozoa are available (Palermo
et al., 1992). Although semen samples can be obtained from boys
from the age of 12 years onwards (Bahadur et al., 2006) the onset of
sperm production (spermarche) in boys can be very difficult to predict.
Spermatogenesis is known to start at very early stages of pubertal devel-
opment (Muller and Skakkebaeck, 1983; Hovatta, 2001) and may occur
before the ability to produce an ejaculate (Nielsen et al., 1986). More-
over, gonadal maturation in boys is not characterized by critical visible
events, as is the case in girls, and defining the age below which the experi-
mental immature testicular tissue cryopreservation would be the best
choice for fertility preservation is not easy because of the great variability
in age at spermarche (Ji and Oshawa, 2000). At the onset of spermarche
there also appears to be a wide variation in both testicular size and sec-
ondary sex characteristics (Nielsen et al., 1986). Spermarche may occur
when little or no pubic hair has developed and when the testicular
volume has increased only slightly. Indeed, the presence of spermatozoa
(based on spermaturia, as a marker for spermarche) was found in 5% of
clinically prepubertal boys and in 50% of boys between Tanner stage II
and III for pubic hair pattern. Serum hormone levels are not useful to
predict sperm production since at the onset of spermaturia, gonado-
trophin and testosterone concentrations are low and only start to in-
crease after Tanner stage II (Radicioni et al., 2005; Van Casteren et al.,
2008a). Correlations between spermaturia and clinical parameters
have been established (Schaefer et al., 1990), but do not allow clear
cut-offs for allocating a boy to either sperm banking or spermatogonial
preservation. The detection and preservation of sperm extracted from
morning urine is not considered an appropriate therapy because of its
time-consuming nature. In cases of failure to produce a semen sample
by masturbation, assisted ejaculation techniques such as penile vibratory
stimulation or electroejaculation under general anaesthesia should be
considered as a second-line treatment option. These methods may
have advantages over experimental techniques such as immature testicu-
lar tissue sampling as penile vibratory stimulation and electroejaculation
both facilitate collection and storage of mature sperm. Since there is no
reliable sensitive estimate for the presence of spermatozoa in the testes,
intra-operative examination of testicular tissue (Wyns et al., 2011)
should be carried out to determine the presence of either spermatozoa
or late spermatids in order to choose an appropriate freezing protocol. In
all cases, the cryobiology practices used for the preservation and long-
term storage of samples will be informed by the physical principles and
the specific properties and nature of the cells/tissues to be stored
(Benson et al., 2012).

Cryopreservation of testicular tissue in
prepubertal boys and adolescents
In cases where no semen can be collected, the experimental techniques
of cryopreservation of testicular tissue or suspensions of immature tes-
ticular cells including SSCs should be considered (Fig. 1). To minimize
trauma to the patient, the surgical recovery of testicular tissue should
be combined with other interventions requiring anaesthesia, such as
bone marrow sampling or implantation of venous ports. To date, four
freezing protocols for human immature testicular tissue have been
described using cryoprotective agents that range from 1.5 M ethylene
glycol and sucrose (Kvist et al., 2006) to 0.7 M DMSO (Keros et al.,
2005, 2007) or 0.7M DMSO and sucrose (Wyns et al., 2007, 2008;

........................................................................................

Table IV Results of survey of indications for testicular
tissue banking in boys and adolescents.

Malignant diseases Non-malignant diseases

Acute myeloid leukaemia Hematopoietic stem cell
transplantation in case ofAcute lymphoblastic leukaemia

Testicular cancer Drepanocytosis

Neuroblastoma Thalassemia

Ependymoma Idiopathic medulla aplasia

Hodgkin lymphoma Granulomatous disease

Non-Hodgkin lymphoma

Osteosarcoma

Large B-cell lymphoma Risk of testicular degeneration

Primitive neuroectodermal tumour
(PNET)Rhabdomyosarcoma

Klinefelter’s syndrome
Vasectomy

Hepatoblastoma

Cranial germinoma

Medulloblastoma

Anaplastic ependymoma

Burkitt lymphoma

Ewing Sarcoma

Nasophyarynx carcinoma

Undifferentiated sarcoma

Ganglioma

Pinealoblastoma
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Poels et al., 2014). Expensive bio-freezers may not be essential for the
cryopreservation of human testicular tissue (Baert et al., 2013).
Indeed, evaluation of human immature testicular tissue following xeno-
transplantation into nude mice suggests that vitrification may be as effect-
ive for tissue preservation as slow freezing methods (Curaba et al., 2011;
Poels et al., 2013). To maximize the quality and viability of human testicu-
lar tissue post thaw all aspects of the tissue collection and processing, the
type and concentration of cryoprotectants used as well as the cooling and
warming protocols must be fully optimized. Since the reproductive po-
tential of cryopreserved immature testicular tissue has still to be
proven in humans, the technique remains experimental and no one pres-
ervation protocol has been shown to be superior over any other pub-
lished method (Kvist et al., 2006; Keros et al., 2007; Wyns et al., 2008;
Baert et al., 2013; Goossens et al., 2013; Poels et al., 2013).

Biosecurity and long-term storage of tissues
for fertility preservation
The long-term storage of fertility preservation samples, whether in the
form of semen sperm, epididymal sperm or testicular tissue samples,

requires that the patient and/or his parents maintain a contract with
the host institution to guarantee the continued storage of tissue and
that the storage facility adheres to national guidelines and international
recommendations for good tissue banking practices. Annual tissue
banking charges may apply according to local practices. The associated
costs may be covered by the patient or their family, or be borne by
health insurance or the hospital or an institutional grant (Table III). Pro-
vided optimal low temperatures are maintained throughout long-term
freeze-banking there is no obvious deterioration of sperm quality with
time. Indeed, children have been born from semen stored for over 28
years (Feldschuh et al., 2005).

Fertility restoration using
cryopreserved testicular
tissues and stem cells
Development of the procedures used for the preservation of SSCs and
testicular tissues from boys and adolescents is far more advanced than

Figure1 Algorithm for the cryopreservation of testicular tissue/sperm in prepubertal and adolescent patients athigh riskof infertility. Clinical assessment
for puberty should be carried out by a clinician with experience in pubertal assessment. It must be stressed that no clinical parameter can accurately predict
the presence of sperm. The proven treatment option for pubertal and adolescent boys who are considered capable of producing a semen sample is semen
collection and cryopreservation. If sufficient sperm are recovered the gametes can be banked using commercial glycerol-based sperm cryomedia. For those
young patients who are clinically prepubertal and for whom semen cryopreservation is not possible the fertility preservation strategy should include col-
lection of a testicular biopsy by an experienced surgeon. The tissue should be cryopreserved with a protocol optimized for preserving immature germ cells
(immature testis protocol). Patients who are pubertal but are unable to produce a suitable semen sample may proceed to testicular biopsy, with
intra-operative analysis. Techniques for intra-operative analysis may vary between institutions but should be aimed at identifying tissue containing (or
likely to contain) sperm. This should be carried out by an individual with experience in analysis of testicular tissue (e.g. surgeon, embryologist or andrologist).
When sperm are not identified or deemed unlikely the tissue should be frozen with the immature testis protocol used for prepubertal patients. For patients
in whom sperm are identified or considered likely to be present, tissue should be split into two portions for storage. One portion should be cryopreserved
using the immature testis preservation protocol, whilst the second portion should be stored using a protocol aimed at preserving mature sperm cells with
glycerol as the main cryoprotectant.As stated in the text atpresent thereareseveral protocols forcryopreservation of immature testicular tissue and there is
no clear evidence at the time of writing to demonstrate which is optimal.

2468 Picton et al.

Downloaded from https://academic.oup.com/humrep/article-abstract/30/11/2463/2384643
by H. Lee Moffitt Cancer Center & Research Indstitute user
on 12 December 2017



research into the methods needed to realize the fertile potential of these
cells and these techniques haveyet to be proven to be safe for clinical use.
In summary, fertility restoration strategies include the autotransplanta-
tion of a suspension of SSCs by injection into the testis to restore sperm-
atogenesis or autotransplantation of frozen-thawed testicular grafts and
the growth and maturation of SSCs in vitro.

Propagation and autotransplantation of SSCs
Currently, SSC injection is considered the mostpromising tool for fertility
restoration in prepubertal cancer patients. The technique was originally
described in the mouse (Brinster and Zimmermann, 1994) and it has
been successfully used to infuse SSC through the efferent duct into the
rete testis of sterile recipients with the resultant reinstatement of sperm-
atogenesis and the restoration of fertility. However, because of differ-
ences in anatomy and consistency and the larger testis size, injection of
SSC via the rete testis has proved to be a better treatment site for
species such as the bovine, primate, and human (Schlatt et al., 1999;
Ning et al., 2012). If SSCs are to be used to restore male fertility, then
they first need to be isolated and propagated in vitro before they can
be autotransplanted in the numbers required to efficiently recolonize
the testis and reinstate spermatogenesis. For example, it has been
demonstrated that only 5–10% of transplanted SSCs result in colony for-
mation in the recipient testis and the extent of donor-derived spermato-
genesis is directly related to the number of transplanted cells (Dobrinski
et al., 1999). Furthermore, murine studies have indicated that factors
such as glial cell line derived neurotrophic factor (GDNF), which facili-
tates self-renewal of the SSCs and supports SSC replication in vitro
(Kanatsu-Shinohara et al., 2003), are essential for SSC propagation.
This evidence has been replicated in several species (Schlatt et al.,
1999; Honaramooz et al., 2002; Aponte et al., 2008; Nobrega et al.,
2010). Importantly, in the context of human fertility restoration, adult
and prepubertal human SSCs have been successfully grown in vitro
without losing their stem cell capacity or ability to colonize the seminifer-
ous tubules upon xenotransplantation (Sadri-Ardekani et al., 2009,
,2011). A number of other studies, mostly in mice, have evaluated the re-
covery of fertility after non-cultured SSC injection. Transplanted mice
were able to produce live born offspring with normal birthweights,
growth rates and fertility (Goossens et al., 2009). No numerical chromo-
somal aberrations were detected in spermatozoa from transplanted
males, or in their offspring (Goossens et al., 2010). Importantly,
studies of methylation patterns and histone modifications in post-
transplantation germ cells revealed that apart from two minor altera-
tions, epigenetic marks following uncultured mouse SSC injection were
not different compared with control spermatogenesis (Goossens et al.,
2009, 2011). Most recently Rhesus monkey SSCs have been injected
under slow constant pressure into the rete testis under ultrasound-
guidance, both autologously and allogeneically and into both adult and
prepubertal rhesus monkeys sterilized by alkylating chemotherapy. Fol-
lowing the completion of spermatogenesis in vivo, sperm cells that
were able to fertilize oocytes by ICSI were found in the ejaculate of reci-
pients (Hermann et al., 2012). While the demonstration of functional
donor spermatogenesis following SSC transplantation in primates is an
important milestone towards using SSC to restore human fertility it
remains vitally important to prove that the epigenetic programming
and stability of SSC are not compromised following cryopreservation,
culture and transplantation in humans (Struijk et al., 2013).

Restoration of fertility by autotransplantation
of testicular tissue
Transplantation of fragments of testicular tissue provides an alternative
strategy to the use of SSC suspensions. This approach maintains the
SSCs within their non-exposed natural niche, thus preserving the interac-
tions between the germ cells and their supporting somatic cells. Nutri-
ents and hormones from the body will reach the graft and induce
spermatogenesis and the resultant sperm can be extracted and used in
ICSI procedures. Autologous transplantation of the testicular biopsy
back into the testis (Van Saen et al., 2009), scrotum (Wyns et al.,
2007) or ectopically under the skin (Jahnukainen et al., 2007) can
however only be used to restore spermatogenesis if the presence of ma-
lignant cells can be excluded. In initial research using mouse models, testis
grafts were placed at ectopic sites such as in the peritoneal space, on the
ear or under the back skin (Boyle et al., 1975; Schlatt et al., 2002).
However, these grafts become sclerotic or showed meiotic arrest.
Autologous grafting to several locations in the irradiated primate body
also showed that spermatogenesis could only be re-established when
the graft was placed in the scrotum but the efficiency of fertility restor-
ation remained poor (Jahnukainen et al., 2012). Transplantation of the
tissue under the tunica albuginea of the testis (intratesticular grafting)
might improve results as, in mice, this technique has proved to be
highly efficient with the re-establishment of full spermatogenesis in all
of the grafts (Van Saen et al., 2009). At time of writing, little is known
about the functionality of the sperm generated in such grafts as only a
few groups have addressed this important question using mouse and
rabbit donor tissue. However, with sperm retrieved from ectopic and
intratesticular mouse allografts, insemination studies using ICSI have
demonstrated that the spermatozoa so derived were able to support
full-term development of the progeny (Schlatt et al., 2003; Ohta and
Wakayama, 2005). It was also possible to obtain offspring using rabbit
sperm that had developed in intratesticular transplanted xenografts
(Shinohara et al., 2002). Normal blastocyst development has been
achieved in vitro following ICSI with sperm from ectopic porcine and
monkey xenografts (Honaramooz et al., 2004, 2008; Nakai et al., 2010).

In vitro spermatogenesis
The major hurdle which must be overcome in patients with a prior haem-
atological malignancy when restoring fertility by autotransplantation of
propagated SSCs or testicular tissue is the risk of reintroducing residual
malignant cells via the transplanted tissue. While it is possible to avoid
the transfer of malignant cells by using testicular xenografts, the risk of
zoönosis means that xenografting of human testicular tissue is unlikely
to provide an acceptable clinical solution for fertility restoration.
However, positive and negative cell sorting strategies have the potential
to target and remove cells from cultured mouse SSC populations and
after xenografting (Hermann et al., 2011; Doveyet al., 2013). Sorting pro-
tocols using magnetic activated cell sorting, a fluorescence- activated cell
sorter or differential plating have been found to have variable efficiency
when used to enrich human SSCs (Geens et al., 2006, 2011; Nickkholgh
et al., 2014a). Thus, at time of writing, autotransplantation of cell suspen-
sions or tissues still runs the risk of reintroducing cancer via the graft.

The risk of reintroduction of malignant cells via the autograft may be
circumvented by in vitro spermatogenesis. In vitro-derived spermatozoa
that are free from residual disease can then be used to inseminate
oocytes using ICSI. Strategies which support the in vitro growth and
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differentiation of germ cells include the three dimensional (3D) culture of
testicular cells (Stukenborg et al., 2008) or organ culture (Sato et al.,
2011). The main difference between the two approaches lies in the
fact that in organ culture the testicular biopsy remains intact and is
layered upon an island of agar that is maintained in a liquid medium. In
3D culture, the germ cells are dissociated from their somatic cells
prior to culture and they are then suspended in medium containing 35
and 50% agar, the so-called Soft-Agar-Culture-System. In both systems
SSCs are co-cultured with somatic cells from the same biopsy so resem-
bling the in vivo situation and supporting two-way communication
between the different cellular compartments. In the mouse model, in
vitro spermatogenesis has been successful up to the elongated spermatid
stage of spermatogenesis but so far offspring have only been generated
with sperm derived following organ culture (Sato et al., 2011). Although
encouraging results have recently been obtained regarding the genetic
and epigenetic stability of human SSCs during long-term culture (Nick-
kholgh et al., 2014b), the fertility of in vitro-derived sperm have still to
be established before the clinical value of this type of experimental ap-
proach can be fully assessed. When no germ cells are available in the
initial testis biopsy, an alternative option may be the in vitro derivation
of sperm cells from the patient’s somatic cells, such as skin fibroblasts,
by induced pluripotency or transdifferentiation of these cells (Yang
et al., 2012). This approach is however still in its infancy.

Follow-up of patients at risk of
gonadal dysfunction following
treatment for childhood cancer
Predicting the likelihood of gonadal dysfunction in individual patients who
are survivors of childhood disease may be difficult. Guidance on this topic
has recently been published (Wallace et al., 2013). Measurements of
gonadotrophins and testosterone in prepubertal patients are unlikely
to be helpful as the hypothalamo–pituitary–gonadal axis is not active
priori to puberty (Mann and Fraser, 1996). Therefore, the accurate clin-
ical assessment of growth during childhood using appropriate growth
charts is very important, particularly in the context of pubertal staging
as puberty may be delayed (or occasionally advanced) following cancer
treatment. Treatment for childhood cancer may result in central
effects on the hypothalamus and/or pituitary that will affect gonado-
trophin production, or primary testicular failure may result from direct
damage to the testis (Mitchell et al., 2009). Leydig cell damage may
reduce testosterone production and hence delay or arrest puberty
(.14 years), whilst effects on Sertoli cells and germ cells of the semin-
iferous epithelium may impair spermatogenesis and decreased adult
testicular size. Normal pubertal development with full hair- and
penis- growth indicates normal Leydig cell function, irrespective of tes-
ticle size. The seminiferous epithelium is more sensitive to the effects of
cancer treatment than the Leydig cells and patients may still have small
adult testis size and impaired fertility despite having undergone a
normal puberty with sufficient testosterone production (Jahnukainen
et al., 2011).

Assessment of male pubertal development should include: (i) meas-
urement of testicular volume; (ii) Tanner staging of secondary sexual
development; (iii) measurement of serum FSH, LH, testosterone and
inhibin B (if available); (iv) yearly bone age x-ray from any signs of initiation
until completion of puberty. For patients with delayed or arrested

puberty (.14 years), treatment with increasing doses of testosterone
should be considered (Kenney et al., 2012). Once puberty has been
established, measurement of testicular volumes, and FSH and inhibin B
levels may also indicate effects on the seminiferous epithelium and
hence spermatogenesis (Lahteenmaki et al., 2008). Where possible,
and as requested by the patient himself, semen analysis can be performed
and the patients referred for ART, as appropriate. Should semen analysis
reveal azoospermia, it is worth repeating the test annually, as the recov-
ery of surviving stem cells (spermatogonia) may take several years.

Post-surgical complications
The evidence from testicular biopsy in adults (Schlegel and Su, 1997;
Manning et al., 1998) suggests that risk of the biopsy procedure itself
should not be overlooked in younger patients (Mitchell et al., 2009). Im-
mediate surgical complications include bleeding and infection whereas
later complications may be indicative of damage to the remaining
testis. The evidence base concerning the effects of testicular biopsy in
prepubertal patients is limited. In a US study of 24 boys, 14 underwent
testis tissue biopsy without any short-term complications and no post-
operative orchitis or reports of excessive pain (Ginsberg et al., 2010).
In a series of 62 prepubertal and peripubertal patients under 16 years
old, who underwent unilateral testicular biopsy for fertility preservation,
no short-term post-surgical complications were observed (Wyns et al.,
2011). Longer-term follow-up of patients undergoing testicular biopsy
has been reported in cryptorchid boys undergoing orchidopexy (Patel
et al., 2005), where 112 boys were followed up for a mean of 11 years
post-surgery (age range 18–29 years). None of the patients required
re-operation for bleeding, received treatment for post-operative orchitis
or sustained loss of a testis. An ultrasound scan at follow-up revealed no
cases of testicular atrophy or biopsy-related damage to the testis, or
development of antisperm antibodies (Patel et al., 2005). In a study of
23 patients who underwent an open wedge testis biopsy during treat-
ment or on cessation of treatment in childhood for acute lymphoblastic
leukaemia, 8 patients receiving standard risk therapy had FSH, inhibin B
and testosterone levels comparable to the general population (Nurmio
et al., 2009).

The impact of prepubertal testicular biopsy on future fertility is dif-
ficult to predict. To date the evidence suggests that the procedure
itself is unlikely to result in a significant impairment of fertility. Meticu-
lous record keeping and monitoring of young patients who have
undergone a biopsy is vital to ensure that there are no complications
related to the procedure including any damage to the remaining testis
tissue. Multi-centre studies on these relatively rare patients are
needed to provide clearer insights into the requirements for long-
term follow-up.

The ethical and legal frameworks
for fertility preservation in
prepubertal boys and adolescents
The setting for making decisions and developing and implementing fertil-
ity preservation strategies in young boys and adolescents is heavily influ-
enced by life-changing and life-threatening diagnoses and treatment
options that not only distress patients, parents and physicians but also
raise a raft of complex ethical and legal issues. The main ethical justifica-
tion for interventions associated with fertility preservation is the need to
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safeguard the best interests of the child. A key question that must be
addressed in consideration of fertility preservation strategies is to
whom storage of sperm and/or testicular tissue should be offered
(Murphy, 2010). Indeed, recent surveys suggest that the issue of sterility
is hardly discussed with parents of boys undergoing chemotherapy
(Lee et al., 2006; Anderson et al., 2008). There are two schools of
thought. It can be argued that as paediatric oncology teams treat a
patient with the intent to cure, then fertility preservation strategies
should be discussed with all young patients and their families. The
alternative view, however, is that young patients and/or their
parents should only be approached to discuss fertility preservation
options if there is not only a good prognosis but also a high risk of
permanent infertility (Wallace et al., 2005). In all cases informed
consent from parents or legal guardians should be taken before
tissue is harvested. Even when minors are legally incompetent, an
effort should be made to inform them about the implications of
the procedure (at a level appropriate for their age and maturity)
and to obtain assent (Bahadur et al., 2001). The consent form
must include sections on safety (mentioning the possibility of both
expected and unexpected adverse events) and on the experimental
nature of testis freezing and SSC preservation and that the research
methods for fertility restoration in animals have not yet been suc-
cessfully translated to humans.

The risks of fertility loss must be balanced against the potential for
fertility restoration from stored samples and explained to each individual
child and his parents to make sure that they understand that there is no
guarantee of success. In this context it is useful to consider the procedure
as a two-step process. Phase 1 involves the collection and storage of
semen as the priority or the recovery of testicular tissue if semen collec-
tion is impossible. Phase 2 incorporates the replacement and/or subse-
quent use of the material for fertility restoration. The risks associated

with these two phases differ. While the collection and cryopreservation
of semen for fertility preservation is an established, non-invasive technol-
ogy for adolescents with cancer (Daudin et al., 2015), the recovery of a
testicular biopsy from boys in whom sperm is not yet produced must be
regarded as experimental as key issues such as how much tissue to
collect, which preservation and fertility restoration techniques to use,
and the potential risk of reintroduction of malignant cells during fertility
restoration etc. all remain to be resolved. The direct costs of phase 1
(general anaesthesia, pain etc.) are relatively small, especially when
they can be combined with necessary cancer-related interventions.
Both the beneficence and the non-maleficence principle imply that the
cost-benefit balance should be maximized. This means that the least
harmful and the most beneficial intervention(s) should be chosen,
taking into account the other aspects of the intervention. It should be
made clear to the patient and his parents that storage does not guarantee
that he has a right to have the material replaced in the future. Clinics offer-
ing cryobanking are morally obliged to participate in data collection and
follow-up research in order to improve information provision and
decision-making.

The development and uptake of fertility preservation strategies in pre-
pubertal boys needs be supported by the creation of suitable legislatory
and regulatory frameworks. Legal rules should cover key points such as:
differences associated with the handling and storage of gametes versus
gonadal tissue; maximal storage period—storage for several decades
may be required; and tissue disposal in the event of death. The possibility
of (partial) reimbursement of treatment and storage costs through some
form of insurance and rules about proxy consent by parents or legal guar-
dians regarding tissue collection and storage may also need to be consid-
ered. Further discussion of the ethical and legal issues surround fertility
preservation in boys and adolescents is provided in the online version
of this paper.

Table V Clinical and research priorities for fertility preservation strategies in boys and adolescents.

Clinical priorities for fertility preservation in boys and adolescents

1. Optimization of protocols for the collection and cryopreservation of testicular tissue

2. Optimization of the timing of testicular tissue collection and cryopreservation relative to the onset of gonadotoxic treatments.

3. Optimization of the age range/pubertal status of boys for preservation of testicular tissue

4. Optimization of protocols for the management and transportation of tissue between the procurement site and cryopreservation site

5. Assessment of the need for quality assurance and testing of tissue before and after storage

6. Development of accessible information on fertility preservation in boys and adolescents

7. Assessment of the counselling and support needs for patients and parents before tissue freezing and at the time of fertility restoration

Research priorities for fertility preservation in boys and adolescents

1. Evaluation of the effect of pretreatment with gonadotoxic therapies on the efficacy of testicular freezing and autotransplantation and spermatogonial stem cells
(SSC) autotransplantation for fertility restoration

2. Optimization of cryopreservation protocols for immature testicular tissue

3. Development of protocols for minimal residual disease testing of testicular tissue

4. Development of protocols for cell sorting method for SSC to exclude cancer cells

5. Optimization of cell expansion protocols for generation of SSC for fertility restoration

6. Optimization of autotransplantation methodologies for testicular tissue and SSCs for use in fertility restoration

7. Development of protocols for the in vitro maturation of SSCs

8. Assessment of the fertilizing capacity of sperm after autologous grafting/transplantation of SCCs or in vitro maturation of SSCs

9. Further evaluation of the genetic and epigenetic stability and hence safety of cryopreserved, cultured and transplanted human SSCs and in vitro-derived sperm
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Future challenges for fertility
preservation in boys and
adolescents
The development of strategies for fertility preservation in prepubertal
boys and adolescents is still in its infancy and represents a balance be-
tween biological, clinical and technical knowns, technological unknowns
and ethical and legal questions. Progress in this field is encouraging and
it has enabled us to design treatment algorithms that have the potential
to safeguard the future fertility of these young patients (Fig. 1). The
algorithm is built on a detailed understanding of human spermatogenesis
combined with significant improvements in cancer treatments and
advances in cryobiologyand stem cell technology. However, many import-
ant questions remain unanswered (Table V). Experimental techniques
such as SSC and testicular tissue freezing, while promising, require
further validation as efficient and safe methods for clinical use before
they can be fully integrated into routine treatment strategies and the
decision-making process used to ensure the most effective use of cryopre-
served tissues for the future restoration of fertility in these patients.
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SUMMARY
The successful treatment of boys with cancer has led to increasing attention to preserving their quality of life after completing can-

cer therapy. One of the top priorities for living a full life is keeping open the opportunity to have children. While sperm banking for

males facing sterilizing cancer treatment can be effective, this approach requires subsequent use of reproductive procedures such as

in vitro fertilization (IVF) or intrauterine insemination (IUI) to achieve a pregnancy. Advances in fertility preservation techniques

may allow pre-pubertal boys to conceive using advanced stem cell technologies and stem cell transplantation in the future. This

review summarizes the ethical positions of leading medical societies and explores the religious and moral stances of major religious

institutions regarding these options.

INTRODUCTION
Cancer treatments in children have improved in the past sev-

eral decades (Waring & Wallace, 2000) and survival rates have

improved dramatically (U.S. National Institutes of Health, 1975–

2000), with the 5-year survival having increased from 58% in

1975–1979 to 83% in 2003–2009 for all cancers, with a range of

67–98% across all pediatric cancers (DeSantis et al., 2014). While

most children undergoing treatment for cancer can expect to

survive, many cancer treatments are associated with impaired

fertility potential (Grundy et al., 2001). In this review, infertility

is defined as the inability to conceive naturally in the absence of

clinical interventions (Dunson et al., 2004). While the estimated

baseline infertility incidence in the general population is approx-

imately 15% (Stephen & Chandra, 2006; Fallat & Hutter, 2008),

decreased fertility following a cancer treatment depends on sev-

eral variables, including the stage of sexual maturity of the

patient (Sanders et al., 1988), the type of therapy used to treat

the cancer (Humpl et al., 1999), and the biological sex of the

patient (Fallat & Hutter, 2008). For example, alkylating agents

such as procarbazine and cyclophosphamide are associated with

a high risk of azoospermia (i.e. sterility) or oligospermia (i.e.

impaired sperm quality) in boys (Byrne et al., 1987). Losing fer-

tility potential can also be dose-dependent: for example, boys

treated for Hodgkin’s lymphoma became sterile in more than

90% of the cases after undergoing six cycles of chemotherapy,

50% following three cycles and 33% in alternate yet less effective

therapies (da Cunha et al., 1984; Heikens et al., 1996). In light of

the increased survival rates combined with the known risks of

infertility, guidelines advocating for fertility preservation (FP)

(Lee et al., 2006) have been developed by the American Society

of Clinical Oncology (ASCO), the Ethics Committee of the

American Society for Reproductive Medicine (ASRM), and the

American Academy of Pediatrics’ Committee of Bioethics (AAP).

The available FP techniques depend on sexual maturity of the

patient, and each technique has its own pros and cons. After

puberty, the standard of care involves semen cryopreservation

obtained by masturbation or a surgical sperm retrieval for

patients unable to produce a semen sample (Bahadur et al.,

2002). Before puberty, FP currently available techniques include

shielding gonads against radiation (Lee et al., 2006) and tempo-

rary transposition of the gonads (Acosta et al., 2002). The future

may offer novel means of protecting and restoring fertility; so
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far, these techniques have only been successful in animal mod-

els. The most promising of these experimental techniques begin

with a testicular biopsy of a prepubertal boy followed by either

in vitro expansion of spermatogonial stem cells to spermatozoa

or autotransplantation of testicular tissue to allow restoration of

spermatogenesis (Nieman et al., 2006). While there is consider-

able enthusiasm for these technologies as a solution for iatro-

genic prepubertal sterility, success has not yet been

demonstrated in humans.

Given this level of uncertainty, the ethical considerations are

complex. Relevant factors include: (i) The long-term and

short-term potential for benefit and harm of pediatric testicu-

lar biopsy are not fully known; (ii) Because institutional review

board (IRB) approval is technically required to perform the

pre-pubertal experimental preservation procedures, access to

these FP techniques is limited to the small number of IRB-

approved centers. (iii) The process of consenting and assenting

to these procedures is not fully understood by the pediatric

patient, with guidelines only recently discussed by the Practice

Committee of American Society for Reproductive Medicine

(Practice Committee of American Society for Reproductive

Medicine, 2013) and the Ethics Committee of American Soci-

ety for Reproductive Medicine (Ethics Committee of American

Society for Reproductive Medicine, 2013). (iv) The discussion

regarding the use of samples for research and the disposal of

samples if the boy were to die following the cancer diagnosis

(Glaser et al., 2000) may also need to be addressed differently

based on the cultural and religious background of the patient

and his guardians. (v) The future ramifications of these novel

techniques, such as whether genetic cancer risks would be

passed on to offspring, have yet to be fully determined. (vi)

Finally, the discussion of male cryopreservation therapy in the

context of culture and religion has yet to be explored, espe-

cially with regard to using assisted reproductive techniques

and obtaining spermatozoa or testicular samples (Rosoff &

Katsur, 2003) this discussion includes individual religious

beliefs around ART, discussing the possibility that the child

may grow up to have beliefs that are different from his par-

ents’, and the discomfort associated with discussing reproduc-

tive health across cultures and religions.

SUMMARY OF FP AND RESTORATION OPTIONS
Advances in cryopreservation techniques (Jensen et al., 2011;

Hussein et al., 2014), intrauterine insemination (IUI), in vitro

fertilization (IVF) and intracytoplasmic sperm injection (ICSI)

offer well-established options to post-pubertal male patients

who wish to have biological children (M€uller et al., 2000; Tour-

naye et al., 2004; Yee et al., 2012). Sperm cryopreservation is a

process by which mature sperm cells are obtained by masturba-

tion or surgical sperm retrieval procedures and subsequently

cooled to subzero temperatures – typically �196 °C (the boiling

point of liquid nitrogen) – to be preserved indefinitely. At these

low temperatures, all biological activities are stopped, including

cell death. These spermatozoa can then be recovered for artifi-

cial reproductive technologies (ART) including IVF and ICSI. IUI

requires a large number of sperm cells (typically at least 10 mil-

lion moving spermatozoa), while IVF requires retrieval of sperm

cells and ova, followed by sperm washing and ovum selection,

co-incubation for a few hours, embryo culture, embryo selec-

tion, and finally embryo implantation. This technique is

generally performed when sperm concentration and quality are

normal. ICSI consists of directly inserting a single sperm cell

whose tail has been removed into a single ovum using microma-

nipulation tools and technique. The fertilized embryo is subse-

quently cultured for 3–5 days before being transferred to the

uterus. A pregnancy test is obtained 2 weeks later.

If the cancer treatment consists of radiation therapy that

would affect the genitals, the gonads may be protected against

radiation (‘shielding’) (Lee et al., 2006), or surgically relocated

(i.e. ‘transposed’) to a different location in the body (Acosta

et al., 2002). Unfortunately, these methods are experimental and

their efficacy has yet to be determined (Fallat & Hutter, 2008).

For boys who have yet to reach spermarche, testicular tissue

may offer the hope of reproductive options to those patients

when they reach the age of conception. For pediatric patients,

testicular tissue cryopreservation consists of obtaining a testicu-

lar tissue biopsy under general anesthesia, typically in conjunc-

tion with other required procedures (e.g. central line placement,

bone marrow biopsy). No significant complications have been

reported (Ginsberg et al., 2010). The tissue is cryopreserved for

long-term storage and possible use. Testicular tissue from boys

of all ages contains sperm stem cells (SSC) but may not yet con-

tain mature spermatozoa (Altman et al., 2014). Only spermato-

zoa can be used for contemporary fertility techniques.

Future techniques to utilize this tissue include in vitro matura-

tion of SSC into mature sperm cells for subsequent use in IVF/

ICSI, or germ-cell transplant into native testicular tissue to allow

fertility restoration. These techniques have been performed suc-

cessfully in animal models but never in humans. Testicular biopsy

for this indication should only be performed in research centers

with IRB approval. Maturation of SSC followed by IVF/ICSI

has been shown to work remarkably well in mouse models (Sato

et al., 2013) and the full differentiation of human SSC into

mature sperm cells in vitro was recently demonstrated (Zhou

et al., 2016). However, IVF/ICSI using human (or even primate)

mature sperm cells derived from SSC in vitro has not been shown.

Autologous testicular cell transplantation is an exciting poten-

tial option that has been used successfully with many animal

models since 1994 when Brinster el al first published their work

(Brinster & Zimmermann, 1994). Most recently, Herman demon-

strated the feasibility of testicular cell transplantation for restor-

ing fertility in Rhesus macaque after undergoing bone marrow

transplantation (Hermann et al., 2012). Transplanting germ cells

back into the gonads of a human patient after chemotherapy to

restore fertility potential has not yet been attempted. Among

many technical challenges remaining is the task of purifying SSC

populations effectively so that no malignant cells are reintro-

duced in the process (Dovey et al., 2013).

FP guidelines by AAP, ASCO, ASRM

According to the AAP (Fallat & Hutter, 2008), the counseling

guidelines for FP options in children and adolescents with can-

cer are as follows, verbatim:

• Cryopreservation of spermatozoa should be offered whenever

possible to male patients or families of male adolescents.

• Current fertility-preservation options for female children and

adolescents should be considered experimental and are

offered only in selected institutions in the setting of a research

protocol.
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• In considering actions to preserve a child’s fertility, parents

should consider a child’s assent, the details of the procedure

involved, and whether such procedures are of proven utility

or experimental in nature. In some cases, after such consider-

ation, acting to preserve a child’s fertility may be appropriate.

• Instructions concerning disposition of stored gametes,

embryos, or gonadal tissue in the event of the patient’s death,

unavailability, or other contingency, should be legally out-

lined and understood by all parties, including the patient if

possible.

• Concerns about the welfare of a resultant offspring with

respect to future cancer risk should not be a cause for denying

reproductive assistance to a patient.

The ASCO Clinical Practice Guidelines (Loren et al., 2013) sug-

gest focusing on three main overarching questions: ‘are patients

interested in interventions to preserve fertility,’ ‘what is the qual-

ity of evidence supporting current and forthcoming options for

preservation of fertility in males,’ and ‘what is the role of health

care providers in advising patients about FP options.’ A special

consideration should be made when discussing FP techniques

with prepubertal male patients since the only preservation

options are testicular cryopreservation techniques, which are

still in the investigational stage and should only be offered in

research facilities where an IRB is in place and overseeing the

research progress.

The Ethics Committee of the ASRM (Practice Committee of

American Society for Reproductive Medicine, 2013) also high-

lights the importance of prioritizing cancer treatment over FP

when necessary, and encourages a multidisciplinary approach

when addressing issues of FP. In simple terms, ethical norms

require that procedures serve the patient’s best interest, and are

performed only after receiving their fully informed consent (or

assent in the case of adolescent patients). The topic of FP should

be discussed with post-pubertal minors, both with and without

the parents/guardians present, while being mindful of cultural

and/or religious values and beliefs. A similar process should be

used with pre-pubescent boys, but because the techniques are

still experimental, the site-specific IRB must determine that the

expected benefits of the procedure will outweigh the potential

risks associated with the procedure.

KEY BIOETHICAL QUESTIONS FOR MALE PRE-PUBERTAL
FERTILITY PRESERVATION

• The potential for benefit and harm of testicular biopsy are not

fully known – As emphasized in AAP, ASCO, and ASRM guide-

lines, all patients about to undergo potentially sterilizing

medical or surgical treatment should be informed of the FP

techniques available to them (Murphy, 2010; Ethics Commit-

tee of American Society for Reproductive Medicine, 2013).

The overarching philosophy when addressing this topic with

patients and guardians is that the procedures should always

serve the best interests of the patient (beneficence) while pro-

viding them enough information to make an informed deci-

sion (autonomy). Physicians also try to balance doing the best

for their patients (beneficence) while limiting the risk for

harm (non-maleficence). A current highly debated topic

between oncologists and fertility specialists is the issue of

delaying treatment to allow for FP. Oncologists tend to be

concerned that offering FP will delay cancer care and lead to

worsened outcomes. In some cases, patients are willing to

accept potentially inferior cancer treatments in order to allow

FP (Lee et al., 2011), raising questions of patient autonomy vs.

beneficence. It is unknown whether a testicular biopsy would

negatively impact testosterone production; however, given

that FP biopsies are generally smaller than 5% of one testicle,

it is doubtful that hypogonadism would be a significant risk

above that of the chemotherapy or radiation treatment. In

fact, even with extensive testicular dissection, no long-term

hypogonadism has been seen, at least not in adults (Schlegel,

2009). Such observations have not been made in children.

• Consent, assent and serving the child’s best interest – With

regards to pediatric patients, the main ethical issue the ASRM

raises is the fact that many boys may not be competent to

make decisions that would serve their best interest in the

future. On the other hand, the parents’ decision may also go

in a direction that would limit their child’s autonomy in the

future. This ethical dilemma is an ethical concept commonly

known as the child’s ‘rights to an open future’, which aim to

protect a child against having important life decision made

for them before they have the ability to decide for themselves

(Millum, 2014). Opponents to FP may argue that doing the

sterilizing cancer treatment without doing a testicular biopsy

follows the ‘natural’ course of events and is therefore what

truly keeps the rights to an open future intact by avoiding a

surgical procedure. On the other hand, proponents of FP may

argue that doing the testicular biopsy is precisely what would

preserve the boy’s rights to an open future by offering him the

option to have children in the future for minimal cost and risk,

an option which would otherwise be taken away from him by

the cancer treatment. The child’s rights to an open future are

further discussed in case 1 of the discussion section.

• The discussion of what to do with the samples in the event of

the patient’s death – Further consideration must also be

placed on discussing the disposal of reproductive samples in

the event of a pediatric patient’s death. For adult patients,

three options are considered ethically appropriate and chosen

by each individual prior to cryopreservation: destroy the sam-

ple, use the sample for research, or allow the spouse the make

the decision. For pediatric patients, generally, IRB committees

consider the only ethically appropriate choices to be sample

destruction or use for research. This choice is made prior to

cryopreservation and can be changed at any point by the par-

ent or guardian. As will be discussed in case 2, certain reli-

gious groups do not allow the use of sperm cells for purposes

other than reproduction within the boundaries of marriage,

and as such may influence the consenting party’s decision

regarding what to do with the sperm samples.

• The future ramifications of these novel techniques, such as

the risks of cancer relapse and whether genetic cancer risks

would be passed on to offspring, have yet to be fully deter-

mined – In the case of recovery after chemotherapy, it is also

important to think of ways to assist the patient with his future

reproductive goals and family planning. Some have suggested

that the risks of relapse and possible early death of a parent

may be unethical in the context of caring for a future child

(Schieve et al., 2004), but the benefits of an offspring being

alive have been deemed to outweigh the concerns of losing a

parent early. On the other hand, some may worry about the
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risks of cancer in the offspring. The genetic risks of passing

certain genes on to offspring is an appropriate, yet separate

discussion that could apply to any couple with a family his-

tory of cancer or other genetic defects. When the cancer is not

genetic, the risk of neoplasm in the offspring is not signifi-

cantly increased (Grundy et al., 2001). Furthermore, contem-

porary IVF/ICSI techniques allow selection of embryos with

specific genetic characteristics.

• The cultural and religious ramifications of male cryopreserva-

tion therapy – The meaning of reproductive health and fertil-

ity treatments varies drastically across different cultural and

religious backgrounds, and involves complicated views on

IVF/ICSI, masturbation, involvement of a spermatozoa/egg/

uterus donor and the use of tissue in research.

CASE STUDIES AND VIEWPOINT OF RELIGIONS
For many people, faith and spirituality provide a foundation

for morality and decision-making. When it comes to modern

technologies and concepts like oncofertility, the construct is not

as simple as saying that all fertility treatments are acceptable or

not for a given religion. Generally speaking, no religion has

specific guidelines on oncofertility or has yet to deliberate on

acceptable guidelines. Furthermore, while most religions pos-

sess basic ideologies that can be applied to the fast-paced evolu-

tion of technological and biological advances, it is important to

keep in mind that even major religions are divided into geo-

graphical and cultural subgroups, each containing their own val-

ues and ethical standards. In 2010, Zoloth et al. reviewed the

available literature on the topic of religious opinions regarding

the ethics of oncofertility (Zoloth & Henning, 2010). Their find-

ings on Catholicism, evangelical Christianity, Islam, Judaism,

Hinduism, and Buddhism are summarized below.

Roman Catholic (RC) beliefs on assisted reproduction follow

three main rules: (i) an embryo possesses the same rights to life

and integrity as any human being at the moment of fertilization,

(ii) a husband and a wife may only procreate with one another,

and (iii) the procreation must result from the sexual union of a

husband and wife. Therefore, any ARTs using donor spermato-

zoa/egg/embryo, or fertilization outside of sexual intercourse

between a married couple (e.g. IVF, ICSI, intrauterine insemina-

tion) are not permitted. Masturbation is also deemed morally

unacceptable, thus even the collection of spermatozoa is chal-

lenging. In the case of sterility within the marriage, medical pro-

cedures to restore natural fertility are permitted. For example, in

case of fallopian tube blockage, surgical correction is allowed

(Haas, 2006; Congregation for the Doctrine of the Faith, 2008).

However, if a couple remains sterile despite such procedures,

then adoption is encouraged. The Catholic Church does pro-

mote scientific research toward preventing sterility before the

act of procreation (i.e. the act of procreation should be left

untouched). With regards to boys about to undergo potentially

sterilizing chemotherapy treatments, one could conclude that

under Catholic doctrine, obtaining testicular sample would be

allowed with the hope that testicular tissue transplantation

would be an available treatment in the future since this would

be the only current FP option that would: (i) remedy infertility

directly before the act of procreation, (ii) not require IVF, and

(iii) conserve the act of procreation.

Evangelical Christianity (EC) similarly places high importance

on the rights of the embryo from the moment the spermatozoa

meets the egg, and on the conception being only in the context

of marriage between a man and a woman. The two main

branches of evangelical Christianity –the Baptists and Pente-

costals - both agree that conception posthumously is problem-

atic. However, autologous transplantation of testicular tissue

may possibly be acceptable pre-conception since the actual act

of procreation would be left untouched. Assemblies of God do

not support surrogacy and ART, while Southern Baptists allow

certain exceptions around this technology; for example, South-

ern Baptists allow ‘embryo adoption’ (Price, 2006), because their

main issue seems to be around the destruction of embryos. In

other words, while this group does not support the practice of

IVF/ICSI, they recognize the fact that IVF/ICSI techniques are

performed by others and that using an unused embryo is better

than to let it be destroyed. For boys about to undergo

chemotherapy, testicular tissue transplantation therefore seems

to be the only option for Assemblies of God Evangelical Chris-

tians. This technique would offer these boys the chance at fertil-

ity in heterosexual intercourse.

Islam is a bit different in the sense that IVF and other ART are

fully tolerated, as long as the only parties involved are the hus-

band and wife within a marriage (Gatrad & Sheikh, 2001). Surro-

gacy and donor egg/spermatozoa/embryo are considered

adulterous and therefore prohibited, while IVF and artificial

insemination within the marriage are allowed. Embryo cryop-

reservation is allowed but should be destroyed if the marriage

were to end following divorce or death. These ideas are based on

the words of the Prophet Muhammad who said that ‘for every

disease there is a cure’. In other words, if infertility is considered

a disease, it is acceptable for people to use medical techniques

to fix it. For the post-pubertal Muslim boy about to undergo

chemotherapy, sperm sample cryopreservation therefore seems

to be the easiest, safest, and cheapest way to provide procreation

options in the future. For the pre-pubertal Muslim boy, testicular

biopsy for both later SSC differentiation and IVF/ICSI or for SSC

transplantation post chemotherapy would likely be acceptable.

Judaism generally views ARTs favorably. The Halakhah (the

body of Jewish rules and laws derived from the Torah) stipulates

on the one hand that there is no pressure on infertile couples to

procreate. On the other hand, the Torah has been interpreted as

saying that procreation is a duty. Furthermore, several scholars

note the social pressure placed on Jewish couples to procreate in

the aftermath of the genocide that happened during World War

II. Also, ‘healing’ is one of the fundamental guiding values when

it comes to Jewish reproductive ethics (Mackler, 2001), such as

restoring lost fertility after cancer treatment. Therefore, oncofer-

tility techniques may arguably be assimilated into Jewish beliefs

around healing and procreating. ARTs are generally accepted in

the Jewish community, as long as they are used within the con-

text of marriage and that no spermatozoa is wasted in the pro-

cess. In fact, the ‘spilling of seed’ (i.e. ejaculation outside of the

act of procreation) is admonished in the Hebrew Scriptures.

With that being said, many rabbis have argued that masturba-

tion is permissible if the entire sample is used for the purpose of

reproduction, for example in IVF or ICSI. While the use of donor

spermatozoa, egg or uterus is not prohibited under Jewish doc-

trine, the identity of the child is determined by genetic heritage

and third-party involvement may therefore be problematic.

Orthodox and Conservative Judaism differ in their views of who

is considered the father and the mother when donors are
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involved. Testicular biopsy with post-chemotherapy transplanta-

tion or SSC differentiation for pre-pubertal boys may thus be

acceptable as part of the ‘healing’ process of restoring fertility, as

long as all the differentiated sperm cells are used. However, the

distinction between how naturally occurring sperm cells and

SSC differentiated to mature spermatozoa in cell culture can be

used in research remains unclear.

The Church of Latter Day Saints’ (LDS) stance on ART pro-

vides moral guidance but leaves specific decisions up to the

married couple. Like the other religions discussed, fertility

restoration treatments are encouraged. Testicular tissue trans-

plantation for fertility restoration would fall under this category.

Furthermore, techniques like artificial insemination, IVF and

ICSI are all allowed (Bush, 1993). The church’s stance on mas-

turbation is a debated topic, but masturbation for the purpose of

medical interventions is generally accepted (Malan & Bullough,

2005). In terms of using donor spermatozoa, ‘the Church

strongly discourages artificial insemination/in vitro fertilization

using semen from anyone but the husband. However, this is a

personal matter that ultimately must be left to the judgment of

the husband and wife. Responsibility for the decision rests solely

upon them’ (taken directly from the LDS handbook on Policies

on Moral Issues, chapter 21.4).

Hinduism is complex to discuss as a whole, mostly because

‘Hinduism’ is a colonial simplification of thousands of smaller

region-specific religions (Zoloth & Henning, 2010). As such, it is

extremely difficult to describe the bioethics of oncofertility

within the context of Hinduism. However, the Hindu tradition is

understood to place special importance on family planning,

childbearing, and having children, especially having boys. One

important point to note is that children need not be genetically

related to the father to become his heir. One analysis of Hindu

practices thus suggests not only that ARTs may be allowed, but

actually encouraged. In Bhattacharrya’s analysis and review of

Hindu bioethical views of assisted reproductive technology,

ARTs are accepted and approved techniques for family building.

Sperm donation, adoption, surrogacy, and ‘paternal surrogacy’

(where a third party man impregnates the woman if the husband

is himself infertile) have all been identified in the Hindu narra-

tives (Bhattacharyya, 2006). With that being said, while those

narratives suggest that some alternative fertility practices are

allowed, it is impossible to draw conclusion without doing fur-

ther empirical research.

Buddhism, like Hinduism, does not have specific rules on

assisted reproductive technologies; rather, one may derive inter-

pretations from the Buddhist tradition. The Buddhist tradition

includes five precepts (sikkh�apada) by which practicing Bud-

dhists live their lives, similar to the 10 commandments: (i) not to

harm living beings, (ii) not to steal, (iii) not to engage in wrong

sexual behaviors, (iv) not to lie, and (v) not to take alcohol or

intoxicating drugs. Regarding the 3rd precept, Buddha said that

‘wrong sexual behavior’ consisted of sex with (i) underage per-

sons, (ii) persons who had taken a vow of celibacy (nuns/

monks), (iii) married persons, (iv) prisoners, and (v) persons

engaged to be married. Sexual practices such as sex before mar-

riage, masturbation, homosexuality, sex with people of other

races and non-monogamy are not technically condemned by

Buddhism. Another aspect of the Buddhist tradition that some

scholars stress is the alleviation of suffering. Some may therefore

argue that as long as the fertility technologies being used don’t

bring harm to any parties involved, ARTs may be allowed and

encouraged as a way to alleviate the suffering of not being able

to conceive (Taniguchi, 1987). On the other hand, certain Bud-

dhist texts like the Vinaya Pitaka – which regulates the life of

Buddhist monks – consider the desire for a child to be similar to

the desire for wealth and economic security, both of which may

lead humans away from the path to Enlightenment. Further-

more, while masturbation is not condemned by the Buddhist

faith, it is believed that life begins at the moment of conception

according to the Mah�atah�asakhaya Sutta (Keown, 1995). The

creation/destruction of embryos by IVF and other similar proce-

dures may thus be problematic. The decision to undergo

oncofertility treatments of any kind may therefore be conflicting

for individuals belonging to the Buddhist faith and ultimately

based on personal interpretation of Buddhist principles and

philosophies. As such, the discussion of Buddhism in the context

of ARTs would also require more systematic empirical research,

and thus will not be examined further in this article.

DISCUSSION: HOW CAN WE PROVIDE GUIDANCE TO
PATIENTS AND PROVIDERS INTO THE MORAL AND
THEOLOGICAL IMPLICATIONS OF THEIR DECISIONS?
There are many variables to consider when thinking of the

best approach to male pediatric oncofertility counseling, some

of which include: the risk of death from the cancer, the risk of

sterility, the age of the patient, whether the patient is pre- or

post-pubertal, whether the patient understands reproduction,

and the patient and his guardians’ values around ART and cut-

ting edge FP technologies. When religious ideologies too are

taken into account, conflicts can emerge as in the following

cases:

Case 1

A 4-year-old male with benign disease requires bone marrow

transplant (BMT) with whole body irradiation. The risk of steril-

ity is very high and the risk of death from disease is low. Should

he receive a testicular biopsy? (Issues raised: consent and pedi-

atric testicular biopsy).

In many situations, ethical concerns and questions are inter-

woven with cultural, moral, and religious ones. In this case, the

patient is too young to even give assent to the procedure. In fact,

in order to assent, an individual must be able to comprehend,

retain and weigh the information given to him sufficiently to

make a decision that in some way reflects his preferences, even

if he is not yet capable of exercising autonomy (Nadeau, 2012).

Thus, with such a young child, rather than any exercise of partial

autonomy through assent, the way to respect autonomy is to

respect the young child’s right to an open future. In 1992, Joel

Feinberg Joel (1980) described four different kinds of rights:

rights that children and parents both have (e.g. right not to be

killed), rights only adults have (e.g. the right to reject or join a

religion), rights only children and dependents have (e.g. shelter

and protection), and rights that should be saved until a child

becomes an adult. He penned the term ‘a child’s right to an open

future’ to describe the latter, a child’s right to have their auton-

omy preserved until they are able to make important personal

decisions on their own. Children do not yet have the ability to

exercise these rights, but these rights can also be ‘violated ‘in

advance’ before the child is even in a position to exercise them’.

In 2001, Dena Davis (1997) mentioned the example of the right

© 2017 American Society of Andrology and European Academy of Andrology Andrology, 2017, 5, 631–639 635

ETHICAL, MORAL, AND THEOLOGICAL INSIGHTS ANDROLOGY



to reproduce, which a child is not yet able to act upon, but that

will become their right in adulthood. Therefore, a child has the

right not to be sterilized so that he can exercise that right as an

adult. It is a parent’s duty to preserve their child’s ‘baseline’ state

of health, one that is not necessarily enhanced but at least not

diminished from an expected standard (e.g. a parent is expected

to provide enough food for the child to grow normally, but not

necessarily expected to provide more food than required for nor-

mal growth). Simply put, parents are ‘guardians’ of their chil-

dren’s future autonomy while the child’s autonomy remains

‘dormant’.

As far as religious ideologies are concerned, testicular biopsy

with testicular tissue transplantation and subsequent fertility

restoration would be allowed in Catholicism, Evangelical Chris-

tianity, Islam, Judaism, Church of Latter-Day Saints and Hin-

duism. In fact, these religions all seem to agree on one particular

point: treatments that have the potential to preserve and/or

restore fertility and make the natural act of procreation success-

ful are not only allowed, but encouraged.

The other experimental option with testicular biopsy is ex vivo

SSC differentiation into mature sperm cells for future IVF/ICSI.

IVF/ICSI is forbidden by the Catholic and Evangelical Christian

teachings. Islam, Judaism, Mormonism, and Hinduism do not

seem to condemn the practice. For Islam, this is true as long as it

is done within the context of marriage without a third party

involved. Orthodox Jewish doctrine accepts it as long as no sper-

matozoa is wasted in the process (see case 3, below), and Latter-

Day Saints only discourage the use of a third-party donors (and

even then, the practice is not totally forbidden).

Case 2

An 8-year-old boy with severe malignant disease will be

requiring time-sensitive treatment with a high risk of sterility,

and a high risk of death from the disease. A testicular biopsy is

performed. (Issues raised: delaying cancer treatment and use of

testicular tissue for research).

In this case, the initial conversation between the parents and

the providers may include the risks of delaying cancer treatment,

the meaning of preserving spermatozoa for the child and parents

given possible death of this child, and the potential financial

burden linked to the procedure. Saving the life of the boy is obvi-

ously the most important element of his medical care. Now, let’s

imagine that the child will survive the treatment whether he

starts now or in 1 week. The caveat is that if he starts in 1 week,

we can save his fertility, but he will also need to be on

chemotherapy for an extra 10 days. How exactly does one quan-

tify the importance of fertility preservation, and how much posi-

tive outcome from the cancer treatment is worth sacrificing for

it? The question of priority between fertility preservation and

time sensitivity of cancer treatment is an area of active research

and discussion.

Regarding the testicular sample: SSC differentiation ex vivo

and testicular tissue re-implantation do not yet work in humans,

and as such more research must be conducted. What is the

stance of different religions on experiments conducted on SSC,

which are adult stem cells? Certain religions may allow testicular

tissue to be used for one kind of reproductive health research

but not for another, depending on the level of maturity the SSC

reach, the environment in which they are tested, and whether

fertilization and embryo experiments are involved. For example,

Catholicism forbids research on embryonic stem cells (ESC),

specifically ESC research that destroys the embryo. By contrast,

adult stem cell research is allowed under Catholic doctrine

because no embryo is harmed in the process. That being said,

research currently being done on ex vivo SSC differentiation is a

debated topic and has yet to be fully determined. In fact, the

Catholic church’s stand on sperm cells that were differentiated

ex vivo vs. ‘naturally differentiated’ sperm cells found in semen

is unclear. Likewise, Jewish scriptures condemn the ‘spilling of

seeds’ if the purpose is not to procreate, whether it is in the con-

text of coitus, but it is also unclear whether that includes sperm

cells differentiated ex vivo. While the Muslim stance on the

actual act of sperm sample production is debatable, there is no

restriction on how terminally differentiated sperm cells should

be used except that they cannot be used to fertilize an egg other

than the egg of the sperm donor’s wife.

Case 3

A 15-year-old post-pubertal boy with malignancy is about to

undergo chemotherapy that may sterilize him and the chance

of survival is high. He is able to produce a semen sample but

his religion may not permit retrieving the sample. (Issues

raised: masturbation and other sperm sample-retrieving

techniques).

For post-pubertal boys, masturbation and production of a

semen sample for cryopreservation is the standard of care. This

sample could be used for IUI, IVF, or ICSI. If masturbation is not

possible or allowed, surgical sperm retrieval is a standard tech-

nique. Spermatozoa obtained from this approach, however, can

only be used for IVF/ICSI. Catholicism and Evangelical Chris-

tianity both forbid IVF/ICSI, so even sperm aspiration, sperm

retrieval from urine and electro-stimulation under anesthesia as

alternatives to masturbation may not be available options for the

patient. For the post-pubertal patient unable to produce a

semen sample or able to consider IVF/ICSI, the only possible

experimental procedure for this patient would be one that

restores his fertility after chemotherapy. Currently, the only

option would be to consider a testicular biopsy and possible

future testicular tissue transplantation. Jewish tradition techni-

cally does not allow ‘seed spilling’, but producing sperm samples

for the purpose of procreation is arguably acceptable, as long as

no semen is wasted. In other words, the act of masturbation

itself is not condemned as much as the act of ‘wasting’ semen.

Islam’s stance on masturbation is not clear. Some Sunni Islamic

scholars argue that any sexual act outside of marriage is forbid-

den from the following quote: ‘And those who guard their private

parts – Except from their wives or that their right hands possess

(i.e. slaves), – for them, they are free from blame. But whoever

seeks beyond that, then those are the transgressors.’ [Qur’an, 23.5–

7] (Al-Hilâl̂ı et al., 2000). However, others argue that while coitus

outside of marriage is clearly prohibited, it is not clear whether

those forbidden sexual acts include masturbation. If a patient

and guardians are concerned that masturbation may be an issue,

alternative sperm-retrieval techniques may be used instead

without going against Muslim beliefs. The LDS church’s stance

on masturbation is similarly debated, but masturbation in the

context of a medical procedure (e.g. IVF) is tolerated. Overall,

regardless of the religion’s stance on masturbation, doing inva-

sive techniques where masturbation is possible may be prob-

lematic for the medical professional commitment to doing the
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least harmful procedure, which again is an ethical conversation

around having the child’s best interest in mind.

SUMMARY AND CONCLUSIONS
The wide breadth of religious ideologies around the topic of

reproductive health is challenging to navigate, and a ‘one-

rule-fits-all’ does not exist for most cases of male pediatric

iatrogenic infertility. This is in part due to the fact that many

religious beliefs are based on texts that have been interpreted

differently by different scholars through the years, and also

due to the fast pace of scientific discoveries and technological

advances. Generally speaking, most of the religions explored

in this review seem to agree that procedures that could

restore fertility (such as testicular tissue transplantation) are

allowed and encouraged, because the actual event of procre-

ation and fertilization itself is left untouched. Unfortunately,

this technique is still in the experimental stage: successful in

many animal species and used widely for more than 20 years,

but not yet in humans.

Religious doctrines start diverging when SSCs are involved. It

is not clear whether sperm cells differentiated from SSC ex vivo

are considered to be on the same level as sperm cells found in

semen for any of the religions discussed, and should be the topic

of further research. With regards to naturally occurring sperm

cells, religions like Catholicism, Evangelical Christianity, and

Judaism condemn the wasting of semen for purposes other than

reproduction. The topic of masturbation is debated among Mus-

lim and LDS scholars, and in case of uncertainty alternative

techniques to retrieve sperm cells may be used.

Ex vivo ARTs like IVF and ICSI are prohibited under Catholic

and many other Christian teachings because fertilization must

happen during coitus between two married, opposite-sex indi-

viduals. Judaism tends to allow ARTs as long as no semen is

wasted in the process, and also because procreation within the

Jewish community has been historically encouraged following

events like World War II. Islam allows ARTs as long as the only

parties involved are a married man and woman.

The involvement of a third-party member is forbidden or at

least strongly discouraged by almost all religions across the

board. Under Christian, Catholic, and Muslim doctrine, the use

of a spermatozoa or egg donor is prohibited because the embryo

involves someone outside of the marriage. Surrogacy is prohib-

ited under Catholicism and Evangelical Christianity for the same

reason, with the exception of Southern Baptist Christians which

may allow ‘embryo adoption’. Judaism and LDS strongly dis-

courage the use of spermatozoa, egg and uterus donors, but gen-

erally do not condemn it if it is a couple’s only choice.

Many questions remain for religious leaders and scholars

around the topic of reproductive health and fertility treatments.

The topic of testicular tissue biopsy and transplantation has

been discussed as being generally acceptable across most reli-

gions, because the act of procreation remains untouched within

the boundaries of a marriage. How about receiving a SSC trans-

plant from a donor? None of the religions discussed are against

organ transplant, the act of coitus would be maintained between

husband and wife, no in vitro experiments are involved for the

fertilization, and the sperm cell final differentiation happens

in vivo. What are the religious arguments in favor, and what are

the religious arguments against this example? This example is

clearly ethically problematic for genetic reasons, and is only

meant to emphasize the fact that the discussion around fertility

and reproductive health can get tricky when so many variables –

including an individual’s faith – are part of the equation being

considered. Similarly, it is not clear which research procedures

are tolerated under which religion, especially when it comes to

undifferentiated spermatogonial stem cells.

This review has been mostly focused on the restrictive nature

of religious doctrines, and did not explore other factors that may

influence a male pediatric patient and his guardians’ decision to

proceed with oncofertility treatments. Regardless of religious

affiliation, these techniques are still experimental and should

only be allowed in institutions where IRB approval has been

obtained. Considering the likelihood that the experimental tes-

ticular biopsy procedures may be functional in <20 years, what

are the ethical obligations of providers who have the ability to

offer these services? Considering most people do not have easy

access to a hospital that provides these procedures, what are our

obligations as a society to expand these services to those who

could benefit from them?

Finally – and most importantly – this review did not discuss

the opinion of the individual who is directly affected by the can-

cer treatment. Everyone is entitled to their freedom of choice,

and someone’s decision regarding their care may ultimately go

against what their faith would deem acceptable. What are the

factors that would influence a family to pick a religious belief

over a treatment, or a treatment over a religious belief?

The topic of experimental fertility therapies brings up more

questions than answers at this time, both because technologies

in the field are evolving at an incredibly fast pace and because

we are entering uncharted ethical territory. Some religions have

fairly specific guidelines around fertility treatments, while others

will require more empirical research to answer these questions.

Qualitative-based research directly asking members and leaders

of these religions questions about their interpretation of their

respective faith around reproductive and fertility care should

serve as a starting point, followed by more targeted questions

around the topic of fertility preservation.
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abstract

PURPOSE Young women with germline BRCA mutations have unique reproductive challenges. Pregnancy after
breast cancer does not increase the risk of recurrence; however, very limited data are available in patients with
BRCA mutations. This study investigated the impact of pregnancy on breast cancer outcomes in patients with
germline BRCA mutations.

PATIENTS ANDMETHODS This is an international, multicenter, hospital-based, retrospective cohort study. Eligible
patients were diagnosed between January 2000 and December 2012 with invasive early breast cancer at age#
40 years and harbored deleterious germline BRCA mutations. Primary end points were pregnancy rate, and
disease-free survival (DFS) between patients with and without a pregnancy after breast cancer. Pregnancy
outcomes and overall survival (OS) were secondary end points. Survival analyses were adjusted for guarantee-
time bias controlling for known prognostic factors.

RESULTSOf 1,252 patients with germlineBRCAmutations (BRCA1, 811 patients;BRCA2, 430 patients;BRCA1/2,
11 patients) included, 195 had at least 1 pregnancy after breast cancer (pregnancy rate at 10 years, 19%; 95%CI,
17% to 22%). Induced abortions and miscarriages occurred in 16 (8.2%) and 20 (10.3%) patients, respectively.
Among the 150 patients who gave birth (76.9%; 170 babies), pregnancy complications and congenital anomalies
occurred in 13 (11.6%) and 2 (1.8%) cases, respectively. Median follow-up from breast cancer diagnosis was 8.3
years. No differences in DFS (adjusted hazard ratio [HR], 0.87; 95%CI, 0.61 to 1.23; P5 .41) or OS (adjusted HR,
0.88; 95% CI, 0.50 to 1.56; P 5 .66) were observed between the pregnancy and nonpregnancy cohorts.

CONCLUSION Pregnancy after breast cancer in patients with germline BRCA mutations is safe without apparent
worsening of maternal prognosis and is associated with favorable fetal outcomes. These results provide re-
assurance to patients with BRCA-mutated breast cancer interested in future fertility.

J Clin Oncol 38:3012-3023. © 2020 by American Society of Clinical Oncology

INTRODUCTION

Future family planning represents a priority area of
concern for a significant proportion of young women
with newly diagnosed breast cancer.1,2 As a conse-
quence of the current trend toward delaying child-
bearing, increasing numbers of young patients are
diagnosed before the completion of their reproductive
plans.1,2 Previously, we have demonstrated that
pregnancy in women with a history of breast cancer is
safe and does not increase the risk of recurrence, even
in patients with hormone receptor–positive disease.3-6

On the basis of the results of these studies, no in-
ternational guidelines advise against pregnancy in
young patients with breast cancer who completed
anticancer treatments.7,8

Approximately 12% of breast malignancies that arise
in women age , 40 years are related to germline
deleterious mutations in the breast cancer suscepti-
bility genes BRCA1 and/or BRCA2.9,10 These patients
may have a reduced ovarian reserve and fertility
potential11,12 and are often subjected to risk-reducing
bilateral salpingo-oophorectomy by their 40s because
of increased ovarian cancer risk.13 Hence, reproductive
considerations and family planning may be particularly
overwhelming among patients with BRCA-mutated
breast cancer.14 In addition, although growing evidence
supports the safety of pregnancy in women with a history
of breast cancer,3-6,15 very limited data are available with
regard to patients with BRCA mutations.14 Therefore, to
date, uncertainties remain about reproductive outcomes
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in these women and whether a subsequent pregnancy may
have a detrimental prognostic impact. A recent survey that
involved . 250 breast cancer specialists showed that ap-
proximately 50% were concerned about the safety of preg-
nancy after breast cancer in womenharboring germlineBRCA
mutations.16

Here, we report the results of what is, to our knowledge, the
largest study to date that investigated the impact of pregnancy
on breast cancer outcomes in women harboring germline
BRCAmutations. We also report on the proportion of women
having a pregnancy after breast cancer and their reproductive
outcomes.

PATIENTS AND METHODS

Study Design and Patients

This international, multicenter, hospital-based, retrospec-
tive cohort study included patients with BRCA-mutated
breast cancer from 30 referral centers worldwide. Eligible
patients were women age# 40 years newly diagnosed with
stage I-III invasive breast cancer between January 2000
andDecember 2012 andwho harbored deleterious germline
BRCA1 and/or BRCA2 mutations. Patients with BRCA var-
iants of unknown significance, history of ovarian cancer or
other malignancies without prior diagnosis of invasive breast
cancer, noninvasive or stage IV de novo breast cancer, or no
follow-up or information on post-treatment pregnancies and
healthyBRCA carriers were excluded. In countries withmore
than one participating center, data sets were cross checked
to exclude potential duplicated patients. Whenever requested
according to local regulations, the study received ethics ap-
proval by the local independent ethical review committee/
institutional review board, and participants provided written
informed consent before inclusion.

Procedures

For all eligible patients, data on breast cancer history,
treatment, type of BRCAmutation, reproductive outcomes,
recurrence, and survival status after breast cancer were
collected. The achievement of pregnancy after breast
cancer diagnosis was the criteria used to assign 2 cohorts of
patients: women with$ 1 pregnancies independent of their
outcome at any time after breast cancer diagnosis (preg-
nancy cohort) and women with no subsequent pregnancies
(nonpregnancy cohort). The study was coordinated and
sponsored by the Institut Jules Bordet, which acted as the
central ethics committee and was responsible for study
design, collection and management of data, medical re-
view, data analysis, and reporting. This work is reported
according to the Strengthening the Reporting of Obser-
vational Studies in Epidemiology statement.17

Statistical Analysis

Pregnancy rate and disease-free survival (DFS) were pri-
mary end points. Overall survival (OS) as well as pregnancy,
fetal, and obstetric outcomes were secondary end points.
Pregnancy rate was computed according to the Kaplan-Meier
method. To assess the prognostic impact of pregnancy after
breast cancer in patients with germline BRCA mutations, DFS
and OS were compared between the pregnancy and non-
pregnancy cohorts. ADFS eventwas definedas the occurrence
of one of the following invasive events: locoregional recurrence,
distant metastases, new contralateral or ipsilateral breast
cancer, second primary malignancy, or death as a result of any
cause. An OS event was defined as death as a result of any
cause. For DFS and OS, observation times of patients without
the event were censored on the date of their last contact.

To account for guarantee-time bias18 (ie, possible selection
bias because women with a pregnancy already had

CONTEXT

Key Objective
Pregnancy in women with a history of breast cancer is safe and does not increase the risk of recurrence, even in patients with

hormone receptor–positive disease. However, very limited data are available to counsel women who harbor germline
BRCAmutations on this regard. To our knowledge, this is the largest study to date specifically designed to address several
unmet questions related to the safety of pregnancy after breast cancer in patients with germline BRCA mutations and
their reproductive outcomes.

Knowledge Generated
This study provides reassuring evidence that pregnancy after breast cancer in patients with BRCAmutations is safe without

apparent worsening of maternal prognosis in terms of disease-free survival and overall survival. Favorable fetal outcomes
were observed.

Relevance
These results provide reassurance to patients with BRCA-mutated breast cancer who are interested in future fertility. They

are also of paramount importance for health care providers involved in counseling young patients with BRCA-mutated
breast cancer who inquire about the feasibility and safety of future conception.
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a disease-free interval until the date of conception), 2
analyses were performed. In the extended Cox model
analysis with occurrence of pregnancy as a time-varying
covariate,6 all patients included in the study were con-
sidered. DFS and OS were calculated from date of breast
cancer diagnosis. The factors with known prognostic im-
plication that were differently distributed between the
pregnancy and nonpregnancy cohorts were included in the
multivariable models for all survival analyses.

In the case-control analysis,4,5 for each patient in the
pregnancy cohort (case), 3 patients from the nonpregnancy
cohort (controls) were selected. Each nonpregnant control
had a disease-free interval equal to or longer than the time
that elapsed between breast cancer diagnosis and date of
pregnancy of the matched pregnant case. Patients who
became pregnant after the date of the DFS event were
dropped from the analysis. The other matching factors were
year at diagnosis (6 2.5 years), nodal status (negative v
positive), hormone receptor status (positive v negative), and
type of BRCA mutation (BRCA1 v BRCA2). Because all
included patients were age # 40 years at the time of di-
agnosis, matching according to age was not performed. The
matching was done centrally at the coordinating center.
Cases were sorted randomly, andmatching was done with an
automated program blinded to patients’ outcomes starting
from the first case until the last. DFS and OS were calculated
from the date of pregnancy (or a similar disease-free interval
in the nonpregnant controls), and Kaplan-Meier plots were
used to present results with a follow-up time up to 10 years.

Power calculation was based on our previous study that
investigated the safety of pregnancy in patients with breast
cancer with estrogen receptor–positive disease.4,5 Assuming
a DFS rate of 65% at 5 years in the nonpregnancy cohort and
a 10% pregnancy rate, with 200 and 2,000 patients in the
pregnancy and nonpregnancy cohorts, respectively, the study
would have a power of 0.83 to detect a hazard ratio (HR) of
0.75 or a power of 0.62 to detect an HR of 0.80 in favor of the
pregnancy cohort at a 2-sided significance level of .05.

Predefined subgroup analyses of DFS according to type of
BRCA mutation (BRCA1 v BRCA2) and hormone receptor
status (positive v negative) were performed. Homogeneity
tests on the HRs obtained in the planned subgroups were
performed using the x2 test to assess whether there was
evidence of an interaction between pregnancy and type of
BRCAmutation or hormone receptor status. An exploratory
subgroup analysis aimed to evaluate differences in DFS
according to pregnancy outcome (abortion v completed
pregnancy).

Descriptive analyses were used to evaluate pregnancy,
fetal, and obstetric outcomes. Specifically, parameters to
assess reproductive history after breast cancer were age of
the patients at the time of pregnancy, pregnancy interval
(ie, time from breast cancer diagnosis to pregnancy), type of
conception, incidence of preterm (, 37weeks) and full-term

($ 37 weeks) pregnancies, number of pregnancies resulting
in live birth, incidence of induced abortions and miscarriages,
incidence and nature (if any) of pregnancy complications,
congenital malformations and/or obstetric complications, and
incidence and duration of breastfeeding. CIs for proportions
were produced using the Wilson score method.

All statistical analyses were 2-sided, with P , .05 con-
sidered statistically significant. Analyses were performed by
L.A. and M.P. using SAS 9.4 statistical software (SAS In-
stitute, Cary, NC).

RESULTS

Patients

Of 1,424 patients registered in the study, 1,252 young
patients with breast cancer with germline deleterious BRCA
mutations were eligible to be included in the current
analysis, of whom 195 had at least 1 pregnancy after breast
cancer (Data Supplement, online only). Baseline patient,
tumor, and treatment characteristics are listed in Table 1.
Most of the included patients were treated in Europe
(78.5%) and diagnosed after 2005 (78.4%). Patients in the
pregnancy cohort were younger at diagnosis (P , .001)
and had a higher rate of BRCA1 mutations (P 5 .01),
tumors # 2 cm (P 5 .04), node-negative (P 5 .003) and
hormone receptor–negative (P 5 .002) disease compared
with those in the nonpregnancy cohort. A higher number of
patients in the pregnancy cohort underwent breast-
conserving surgery (P , .001). Chemotherapy was admin-
istered to 95.3% of the patients, with no difference between
the 2 cohorts. Amongwomenwith hormone receptor–positive
disease, those in the pregnancy cohort were more likely to
have received ovarian function suppression as part of ad-
juvant endocrine therapy (P 5 .002) and had a shorter
median duration of adjuvant endocrine therapy (P , .001).
Among patients in the pregnancy and nonpregnancy cohorts
with available information on risk-reducing surgeries, con-
tralateral risk-reducing mastectomy was performed in
51.1% and 51.0% (P 5 .99), while risk-reducing salpingo-
oophorectomy was performed in 42.9% and 56.6% (P ,
.001), respectively (Data Supplement).

Median age at the time of pregnancy was 35.7 years
(interquartile range [IQR], 32.9-38.6 years). Pregnancies
occurred after a median of 4.5 years (IQR, 3.1-6.7 years)
after breast cancer diagnosis, with 44.6% of them occurring
after 5 years. Median time from breast cancer diagnosis to
pregnancy was 6.3 years (IQR, 4.3-7.7 years) and 4.0 years
(IQR, 2.7-5.6 years) in patients with hormone receptor–
positive and –negative disease, respectively (P , .001).

Reproductive Outcomes

The pregnancy rate at 10 years was 19% (95% CI, 17% to
22%) in the overall study population (Fig 1A). The preg-
nancy rate at 10 years was 16% (95% CI, 13% to 21%) and
21% (95% CI, 18% to 25%) in patients with hormone
receptor–positive and –negative disease, respectively (Fig 1B).
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TABLE 1. Patient and Tumor Baseline Characteristics
All Included Patients, No. (%) Case-Control Analysis, No. (%)

Characteristic Pregnant Not Pregnant P Pregnant Not Pregnant P

No. of patients 195 1,057 176 528

Country .040 .003

Europe 149 (76.4) 834 (78.9) 131 (74.4) 417 (79.0)

North America 11 (5.6) 69 (6.5) 11 (6.3) 41 (7.8)

Latin America 3 (1.5) 44 (4.2) 3 (1.7) 26 (4.9)

Israel 32 (16.4) 110 (10.4) 31 (17.6) 44 (8.3)

Year at diagnosis .150 .730

2000-2004 49 (25.1) 222 (21.0) 42 (23.9) 112 (21.2)

2005-2008 74 (38.0) 377 (35.7) 66 (37.5) 210 (39.8)

2009-2012 72 (36.9) 458 (43.3) 68 (38.6) 206 (39.0)

Median age at diagnosis, years (IQR) 30 (28-33) 35 (32-38) , .001 31 (29-33) 36 (33-38) , .001

Age at diagnosis, years , .001 , .001

# 30 102 (52.3) 170 (16.1) 91 (51.7) 87 (16.5)

31-35 67 (34.4) 365 (34.5) 60 (34.1) 175 (33.1)

36-40 26 (13.3) 522 (49.4) 25 (14.2) 266 (50.4)

BRCA mutation .010 .270

BRCA1 144 (73.9) 667 (63.1) 130 (73.9) 393 (74.4)

BRCA2 49 (25.1) 381 (36.1) 44 (25.0) 134 (25.4)

BRCA1/2 2 (1.0) 9 (0.9) 2 (1.1) 1 (0.2)

Histology .620 .990

Ductal carcinoma 158 (86.8) 845 (87.2) 145 (89.0) 420 (87.7)

Lobular carcinoma 4 (2.2) 36 (3.7) 3 (1.8) 10 (2.1)

Mixed ductal/lobular 3 (1.7) 12 (1.2) 2 (1.2) 8 (1.7)

Other 17 (9.3) 76 (7.8) 13 (7.8) 41 (8.6)

Missing 13 88 13 49

Tumor grade .310 .860

1 5 (2.7) 18 (1.8) 5 (3.0) 6 (1.2)

2 31 (16.9) 223 (22.5) 30 (17.9) 104 (20.7)

3 148 (80.4) 749 (75.7) 133 (79.2) 393 (78.1)

Missing 11 67 8 25

Tumor size .040 .650

T1 (# 2 cm) 91 (47.2) 423 (40.9) 83 (47.4) 228 (44.2)

T2 (. 2 to # 5 cm) 84 (43.5) 459 (44.4) 75 (42.9) 232 (45.0)

T3 (. 5 cm) to T4 18 (9.3) 152 (14.7) 17 (9.7) 56 (10.9)

Missing 2 23 1 12

Nodal status .003 1.000d

N0 124 (64.6) 550 (52.8) 114 (65.5) 339 (65.3)

N1 54 (28.1) 351 (33.7) 49 (28.2) 130 (25.1)

N2-N3 14 (7.3) 140 (13.5) 11 (6.3) 50 (9.5)

Missing 3 16 0 0

Hormone receptor status .002 1.000

ER and/or PR positive 67 (34.4) 485 (46.1) 60 (34.1) 180 (34.1)

(continued on following page)
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Pregnancy resulted in induced abortions and miscarriages
in 16 (8.2%) and 20 (10.3%) patients, respectively. Among the
150 patients (76.9%) who gave birth, 170 babies were born.
Pregnancy complications and congenital anomalies occurred
in 13 (11.6%) and 2 (1.8%) cases, respectively (Table 2).

Survival Analysis

Median follow-up from breast cancer diagnosis was
8.3 years (IQR, 6.2-11.2 years), with no difference between
the pregnancy and nonpregnancy cohorts (Data Supple-
ment). In the extended Cox model analysis with occurrence

TABLE 1. Patient and Tumor Baseline Characteristics (continued)
All Included Patients, No. (%) Case-Control Analysis, No. (%)

Characteristic Pregnant Not Pregnant P Pregnant Not Pregnant P

ER and PR negative 128 (65.6) 567 (53.9) 116 (65.9) 348 (65.9)

Missing 0 5 0 0

HER2 status .750 .590

HER2 negative 173 (93.0) 941 (92.4) 158 (94.6) 474 (92.9)

HER2 positive 13 (7.0) 78 (7.7) 9 (5.4) 36 (7.1)

Missing 9 38 9 18

Breast surgery , .001 .100

Conserving 112 (59.0) 480 (45.9) 101 (58.4) 270 (51.2)

Radical 78 (41.0) 566 (54.1) 72 (41.6) 257 (48.8)

Missing 5 11 3 1

Chemotherapy .520 .350

No 11 (5.6) 48 (4.6) 10 (5.7) 21 (4.0)

Yes 184 (94.4) 1,007 (95.5) 166 (94.3) 507 (96.0)

Missing 0 2 0 0

Type of chemotherapya .330 .810

Anthracycline and taxane based 113 (63.5) 683 (69.3) 105 (65.2) 334 (67.3)

Anthracycline based 55 (30.9) 257 (26.1) 48 (29.8) 138 (27.8)

Taxane based 4 (2.3) 27 (2.7) 3 (1.9) 13 (2.6)

Other 6 (3.4) 19 (1.9) 5 (3.1) 11 (2.2)

Missing 6 21 5 11

Endocrine therapyb .730 .800

No 6 (9.0) 37 (7.7) 6 (10.0) 16 (8.9)

Yes 61 (91.0) 443 (92.3) 54 (90.0) 163 (91.1)

Missing 0 5 0 1

Type of endocrine therapyc .002 , .001

Tamoxifen alone 17 (28.8) 200 (45.4) 15 (28.9) 80 (49.4)

Tamoxifen and LHRHa 33 (55.9) 133 (30.2) 30 (57.7) 40 (24.7)

LHRHa alone 0 8 (1.8) 0 5 (3.1)

AI with or without LHRHa 4 (6.8) 17 (3.8) 4 (7.7) 5 (3.1)

Tamoxifen and AI (with or without LHRHa) 5 (8.5) 83 (18.8) 3 (5.8) 32 (19.8)

Missing 2 2 2 1

Median duration of endocrine therapy, months (IQR) 50 (24-60) 60 (48-60) , .001 50 (24-60) 60 (60-60) , .001

Missing 15 129 15 47

Abbreviations: AI, aromatase inhibitor; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; IQR, interquartile range;
LHRHa, luteinizing hormone-releasing hormone agonist; PR, progesterone receptor.

aCalculated among patients who received chemotherapy.
bCalculated among patients with hormone receptor–positive breast cancer.
cCalculated among patients with hormone receptor–positive breast cancer who received endocrine therapy.
dNode negative compared with node positive.
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of pregnancy as a time-varying covariate, all 195 and 1,057
patients of the pregnancy and nonpregnancy cohorts were
included. A total of 487 DFS events (38.9%) were observed
(Data Supplement). Among them, distant (with or without
locoregional) recurrences were 17.7% in the pregnancy
cohort and 32.7% in the nonpregnancy cohort (Data
Supplement). No significant difference in DFS was

observed between the pregnancy and nonpregnancy co-
horts (unadjusted HR, 0.96; 95% CI, 0.70 to 1.33; P 5
.83). Similar results were obtained in the multivariable
analysis adjusted for age at diagnosis, tumor size, nodal
status, hormone receptor status, type of endocrine ther-
apy, breast surgery, and BRCA mutation (adjusted HR,
0.87; 95% CI, 0.61 to 1.23; P 5 .41; Data Supplement).

TABLE 2. Pregnancy, Fetal and Obstetric Outcomes in the Pregnancy Cohort
Pregnancy Cohort, No. (%)

Outcome
All Included Patients

(n 5 195)
Case-Control Analysis

(n 5 176)

Median age at the time of pregnancy, years (IQR) 35.7 (32.9-38.6) 35.5 (32.8-38.5)

Median time from diagnosis to pregnancy, years (IQR) 4.5 (3.1-6.7) 4.3 (3.0-6.1)

Pregnancy interval

# 2 years from diagnosis 19 (9.7) 18 (10.2)

2-5 years from diagnosis 89 (45.6) 86 (48.9)

5 years from diagnosis 87 (44.6) 72 (40.9)

Type of conception

Spontaneous pregnancy 133 (82.1) 124 (84.9)

Use of assisted reproductive technology 29 (17.9) 22 (15.1)

No. missing 33 30

Pregnancy outcome

Completed 150 (76.9) 137 (77.9)

Ongoing 7 (3.6) 5 (2.8)

Induced abortion 16 (8.2) 14 (8.0)

Miscarriage 20 (10.3) 18 (10.2)

Unknown 2 (1.0) 2 (1.1)

No. of live births at the first pregnancy after breast cancera

1 130 (86.7) 118 (86.1)

2 20 (13.3) 19 (13.9)

Timing of deliverya

At term ($ 37 weeks) 108 (90.8) 98 (90.7)

Preterm (, 37 weeks) 11 (9.2) 10 (9.3)

No. missing 31 29

Pregnancy complicationsa

None 97 (86.6) 88 (87.1)

Delivery complications 13 (11.6) 11 (10.9)

Congenital abnormalities 2 (1.8) 2 (2.0)

No. missing 38 36

Breastfeedinga

No 58 (65.2) 51 (63.0)

Yes 31 (34.8) 30 (37.0)

No. missing 61 56

Median duration of breastfeeding, months (IQR)b 6 (2-10) 6 (3-10)

No. missing 5 5

Abbreviation: IQR, interquartile range.
aCalculated on the total number of patients with completed pregnancy.
bCalculated on the total number of patients with completed pregnancy who breastfed.
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Subgroup analyses showed a significant interaction be-
tween pregnancy and type of BRCA mutation (P , .01) or
pregnancy and hormone receptor status (P5 .03; Table 3).

A total of 164 OS events (13.1%) were observed (Data
Supplement). No significant difference in OS was observed
between the pregnancy and nonpregnancy cohorts in both

univariable (unadjusted HR, 0.77; 95% CI, 0.44 to 1.34;
P 5 .36) and multivariable (adjusted HR, 0.88; 95% CI,
0.50 to 1.56; P 5 .66) analyses (Data Supplement).

In the case-control analysis, after excluding 19 patients in
the pregnancy cohort because of the development of a DFS
event before the occurrence of pregnancy, 704 patients

TABLE 3. Subgroup Analyses of Disease-Free Survival by Gene (BRCA1 v BRCA2) and Hormone Receptor Status (positive v negative)

Variable Patients, No. Events, No.
Univariable
HR (95% CI) P

Multivariable
HR (95% CI) P

Extended Cox model analysis

Study group 1,252 487 0.96 (0.70 to 1.33) .830 0.87 (0.61 to 1.23) .41

BRCA mutation , .010* , .01*

BRCA1 811 318 0.71 (0.46 to 1.07) 0.64 (0.41 to 0.99)

BRCA2 430 167 1.88 (1.10 to 3.21) 1.94 (1.10 to 3.45)

Hormone receptor status .120* .03*

Positive 552 218 1.38 (0.82 to 2.31) 1.46 (0.84 to 2.55)

Negative 695 266 0.81 (0.53 to 1.23) 0.67 (0.42 to 1.04)

Case-control analysis

Study group 704 204 0.71 (0.51 to 0.99) .045

BRCA mutation , .010*

BRCA1 523 154 0.53 (0.35 to 0.81)

BRCA2 178 49 1.60 (0.86 to 2.89)

Hormone receptor status .280*

Positive 240 67 0.91 (0.52 to 1.60)

Negative 464 137 0.62 (0.40 to 0.95)

Abbreviation: HR, hazard ratio.
*P value for interaction.
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were included (176 pregnant cases matched to 528
nonpregnant controls). More details are reported in the
Data Supplement. A significantly improved DFS was ob-
served in the pregnancy cohort (HR, 0.71; 95% CI, 0.51 to
0.99; P 5 .045; Fig 2A). Subgroup analyses (Table 3)
showed a significant interaction between pregnancy and
type ofBRCAmutation (P, .01; Fig 2B), with no difference
according to hormone receptor status (P 5 .28; Fig 2C).
When comparing DFS between patients with an abortion
(n5 32) and those with a live birth (n5 137), no difference
was observed (HR, 1.09; 95% CI, 0.51 to 2.33; P 5 .82;
Data Supplement). No significant difference in OS was
observed between the pregnancy and nonpregnancy co-
horts (HR, 0.86; 95% CI, 0.44 to 1.67; P 5 .65; Fig 2D).

DISCUSSION

To our knowledge, this is the largest study to date spe-
cifically designed to address several unmet questions re-
lated to the safety of pregnancy after breast cancer in
patients with germline BRCA mutations and their re-
productive outcomes. We observed that pregnancy after
breast cancer is safe without apparent worsening of ma-
ternal prognosis and is associated with favorable fetal
outcomes. These results provide reassurance to patients
with BRCA-mutated breast cancer interested in future
fertility.

Prior studies have shown that , 10% of patients become
pregnant after breast cancer diagnosis.19 We observed
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a slightly higher-than-expected pregnancy rate (19% at
10 years) among patients with BRCA-mutated breast
cancer. This may be due to their very young ages at onset of
breast cancer as well as the lower proportion of patients
with hormone receptor–positive tumors requiring long-term
adjuvant endocrine therapy andmore often counseled against
subsequent pregnancy for fear that high hormonal levels
during pregnancy and/or temporary interruption of endocrine
therapy could be detrimental to patients’ outcomes.20

Potential adverse pregnancy outcomes, including risk of
congenital anomalies as a result of prior exposure to an-
ticancer therapies, represent an important area of concern.
Previous studies on the risk of congenital anomalies are
reassuring; however, some have shown higher chances of
preterm birth and perinatal complications in breast cancer
survivors.21 Our findings provide important evidence con-
cerning the progeny of patients with BRCA-mutated breast
cancer. The observed rate of preterm delivery (9.2%;
95% CI, 5.2% to 15.8%) is rather similar to the one ex-
pected in the general population (approximately 11%).22

Similarly, reassuring results were observed in terms of
miscarriages (10.3%; 95% CI, 6.7% to 15.3%) and con-
genital anomalies (1.8%; 95% CI, 0.5% to 6.3%), con-
sidering that the expected rates in the general population
are approximately 17%23 and 3%,24 respectively. The low
rate of miscarriages compared with historical data is in-
triguing. Although this may possibly represent an under-
reporting, it is important to note that pregnancy outcome
was known in all but 2 patients (1.0%). Thus, we believe
that such data further support the statement that prior
cancer diagnosis and exposure to anticancer treatments do
not seem to increase the risk of miscarriages. A total of
8.2% (95% CI, 5.1% to 12.9%) of patients in our study
opted for an induced abortion. The reasons for an induced
abortion were not collected, yet this is a lower rate com-
pared with older series. This may possibly reflect the fact
that having a pregnancy in women with a history of breast
cancer has become more accepted over time, with in-
creasing evidence, including from the current study,
showing lack of any therapeutic role of induced abortion in
these patients.4,5 Another possibility is that these preg-
nancies were accidental and that patients were not ade-
quately counseled on the possibility of becoming pregnant
after prior anticancer treatments. Thus, it is important to
ensure that safe and reliable methods of contraception are
discussed and offered to young patients with cancer who do
not want conception.25

Many physicians remain concerned about a potential
detrimental prognostic effect of pregnancy in patients with
germline BRCAmutations with a history of breast cancer.16

While previous studies have provided reassuring data on
the safety of conception in breast cancer survivors,3-6,15 the
evidence in patients with BRCA mutations is restricted to

one small retrospective study limited to 53 pregnant
cases.26 In our study, both the extended Cox model and the
case-control analyses showed that pregnancy is safe
without apparent worsening of maternal prognosis. In
subgroup analyses, an interaction suggestive for a potential
protective effect of pregnancy in patients with BRCA1
mutation and a possible negative impact in BRCA2 carriers
was observed. As suggested by previous preclinical and
clinical studies,27-29 it is plausible that reproductive be-
haviors may have different effects on the pathogenesis and
outcomes of cancers associated with germline mutations in
either the BRCA1 or the BRCA2 gene. Nevertheless,
caution is required before deriving solid conclusions,
considering that only 44 BRCA2-mutated pregnant cases
were included in this analysis. Of note, in the extended Cox
model analysis, a significant interaction according to hor-
mone receptor status was also observed. However, the wide
CIs that cross the unit in both subgroups make it hard to
interpret whether pregnancy could be protective or detri-
mental in any of the subgroups. Of note, we have previously
demonstrated the safety of subsequent pregnancy in pa-
tients with hormone receptor–positive breast cancer in
a large statistically powered study that was specifically
designed to address this question.4,5 Additional evidence in
this regard is awaited from the ongoing international
IBCSG-BIG-NABCG POSITIVE trial (ClinicalTrials.gov
identifier: NCT02308085) that has recently completed its
accrual and aims to investigate the safety of a temporary
interruption of endocrine therapy to allow pregnancy.

This study should be considered in the context of its lim-
itations that include the retrospective nature, some missing
information on the course and outcomes of pregnancy for
some patients, and the relatively smaller number of patients
included in the nonpregnancy cohort than expected as per
the initial statistical assumptions. In addition, it cannot be
excluded that some patients who desire a pregnancy were
subjected to restaging before considering conception.
However, our study has several unique features. This is the
largest data set in our knowledge to date to include young
patients with BRCA-mutated breast cancer, and it is not
restricted to a single continent. We managed to include
the target number of patients in the pregnancy cohort,
and importantly, two different survival analyses that cor-
rected for potential guarantee-time bias showed consistent
findings.

In conclusion, this study provides reassuring evidence that
pregnancy after breast cancer in patients with germline
BRCA mutations is safe without apparent worsening of
maternal prognosis and is associated with favorable fetal
outcomes. These findings are of paramount importance for
health care providers involved in counseling young patients
with BRCA-mutated breast cancer who inquire about the
feasibility and safety of future conception.
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Birth Outcomes Among Adolescent and Young Adult
Cancer Survivors
Chelsea Anderson, MPH; Stephanie M. Engel, PhD; Jennifer E. Mersereau, MD; Kristin Z. Black, PhD;
William A. Wood, MD; Carey K. Anders, MD; Hazel B. Nichols, PhD

IMPORTANCE Cancer diagnosis and treatment may adversely affect reproductive outcomes
among female cancer survivors.

OBJECTIVE To compare the birth outcomes of adolescent and young adult cancer survivors
(AYA [diagnosed at ages 15-39 years]) with those of women without a cancer diagnosis.

DESIGN, SETTING, AND PARTICIPANTS The North Carolina Central Cancer Registry (CCR) was
used to identify female AYA cancer survivors diagnosed from January 2000 to December
2013; CCR records were linked to statewide birth certificate files from January 2000
to December 2014 to identify postdiagnosis live births to AYA survivors (n = 2598).
A comparison cohort of births to women without a recorded cancer diagnosis was randomly
selected from birth certificate files (n = 12 990) with frequency matching on maternal age
and year of delivery.

MAIN OUTCOMES AND MEASURES Prevalence of preterm birth, low birth weight,
small-for-gestational-age births, cesarean delivery, and low Apgar score.

RESULTS Overall, 2598 births to AYA cancer survivors (mean [SD] maternal age, 31 [5] years)
were included. Births to AYA cancer survivors had a significantly increased prevalence of
preterm birth (prevalence ratio [PR], 1.52; 95% CI, 1.34-1.71), low birth weight (PR, 1.59; 95%
CI, 1.38-1.83), and cesarean delivery (PR, 1.08; 95% CI, 1.01-1.14) relative to the comparison
cohort of 1299. The higher prevalence of these outcomes was most concentrated among
births to women diagnosed during pregnancy. Other factors associated with preterm birth
and low birth weight included treatment with chemotherapy and a diagnosis of breast cancer,
non-Hodgkin lymphoma, or gynecologic cancers. The prevalence of small-for-gestational-age
births and low Apgar score (<7) did not differ significantly between groups.

CONCLUSIONS AND RELEVANCE Live births to AYA cancer survivors may have an increased risk
of preterm birth and low birth weight, suggesting that additional surveillance of pregnancies
in this population is warranted. Our findings may inform the reproductive counseling of
female AYA cancer survivors.

JAMA Oncol. 2017;3(8):1078-1084. doi:10.1001/jamaoncol.2017.0029
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Author Audio Interview

Supplemental content

Author Affiliations: Department of
Epidemiology, University of North
Carolina, Chapel Hill (Anderson,
Engel, Nichols); Department of
Obstetrics and Gynecology,
University of North Carolina, Chapel
Hill (Mersereau); Department of
Health Behavior, University of North
Carolina, Chapel Hill (Black); Division
of Hematology/Oncology, Lineberger
Comprehensive Cancer Center,
University of North Carolina,
Chapel Hill (Wood, Anders).

Corresponding Author: Chelsea
Anderson, MPH, Department of
Epidemiology, Gillings School of
Global Public Health, University of
North Carolina at Chapel Hill, 135
Dauer Dr, Chapel Hill, NC 27599
(cea39@email.unc.edu).

Research

JAMA Oncology | Original Investigation

1078 (Reprinted) jamaoncology.com

© 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Moffitt Cancer Center User  on 08/21/2020

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2017.0029&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2017.0029
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2017.0029&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2017.0029
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2017.0029&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2017.0029
mailto:cea39@email.unc.edu
http://www.jamaoncology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2017.0029


I n the United States, adolescent and young adult (AYA) can-
cers are defined as those diagnosed between 15 and 39 years
of age.1 Though nonuniform across cancer sites, 5-year rela-

tive survival rates of over 80% have been estimated for the AYA
cancer population in the United States.2,3 With continued im-
provements in early diagnosis and treatment,3 a growing num-
ber of AYA patients with cancer will become long-term survi-
vors, prompting concerns about the late effects of malignancy
and treatment in this population.

For the more than 45 000 US women diagnosed with AYA
cancers each year,4 such concerns may include future fertil-
ity and reproductive outcomes. Though recent studies5,6 sug-
gest that 60% of female AYA cancer survivors want the possi-
bility of having children, there is currently limited information
available regarding the potential risk of adverse birth out-
comes in this population. Studies of births to childhood can-
cer survivors (diagnosed at ages 0-14 years) in the United States
suggest an increased risk of outcomes such as preterm birth
and low birth weight relative to the general population.7,8 Yet
little research has focused specifically on birth outcomes
among AYA cancer survivors, who were diagnosed and treated
during childbearing years and thus may have a risk profile dis-
tinct from that of survivors diagnosed during childhood. Stud-
ies from Australia9 and Europe10-13 have documented an in-
crease in adverse birth outcomes among survivors diagnosed
with cancer during reproductive years. However, given poten-
tial differences in the racial and ethnic makeup of these coun-
tries, as well as in the prevalence of other risk factors, it is un-
clear whether AYA cancer survivors in the United States have
similarly elevated risks. Furthermore, few studies have exam-
ined whether various treatment modalities, such as radiation
therapy and chemotherapy, are associated with adverse birth
outcomes among births to AYA cancer survivors.9

In the current study, we used a data linkage between the
North Carolina Central Cancer Registry and state birth certifi-
cate files to compare selected birth outcomes of female AYA
cancer survivors to those of women without a history of can-
cer. We also evaluated risks of adverse birth outcomes accord-
ing to factors such as cancer site group, treatment type, and
the interval between diagnosis and birth.

Methods
Data Sources
To identify AYA cancer survivors, we used data from the North
Carolina Central Cancer Registry (CCR). As required by state
law, all cancer cases and benign brain and/or central nervous
system tumors diagnosed in North Carolina are reported to the
CCR by health care providers. We identified all women diag-
nosed with an incident cancer at ages 15 to 39 years from Janu-
ary 2000 to December 2013. Information recorded in the CCR
includes cancer site, stage, date of diagnosis, and primary treat-
ments (surgery, radiation, chemotherapy). We defined can-
cer site groupings for commonly diagnosed AYA cancers
(breast, melanoma/skin carcinoma, non-Hodgkin lym-
phoma, Hodgkin lymphoma, and gynecologic) using AYA-
specific recodes of International Classification of Diseases for

Oncology (ICD-O-3) definitions, available from the National In-
stitutes of Health Surveillance, Epidemiology, and End Re-
sults Program (eTable 1 in the Supplement).14

Live births occurring in North Carolina from January 2000
to December 2014 were identified using statewide vital rec-
ords. Data abstracted from birth certificates included birth
weight, gestational age, infant sex, mode of delivery, plural
birth, and Apgar score (a measure of the physiologic condi-
tion of the newborn).15 Gestational age recorded on birth cer-
tificates may be determined from the mother’s self-reported
last menstrual period, from ultrasound findings, or other peri-
natal factors.16 Maternal characteristics, including race/
ethnicity, parity, smoking during pregnancy, education, and
marital status, were also abstracted from birth certificates.

To identify births to AYA cancer survivors, data from the
CCR and birth certificate files were linked using a probabilis-
tic linkage strategy in Link Plus.17 Variables used in the link-
age included maternal name, date of birth, and social secu-
rity number. Estimates of reliability for variables used in the
linkage, ranging from 0% (totally unreliable) to 100% (com-
pletely reliable), were 98%, 96%, 97%, 96%, and 96% for so-
cial security number, date of birth, last name, first name, and
middle name, respectively.

This study was approved by the institutional review board
of the University of North Carolina and by the North Carolina
State Center for Health Statistics; patient written informed con-
sent was not required for the analysis of existing, deidenti-
fied records.

Selection of Study Population
From the CCR, we identified 21 716 women with a cancer di-
agnosis between ages 15 and 39 years from January 2000 to
December 2013. By linking with state birth certificate files, we
found that 8529 of these women had a total of 14 132 live births
from January 2000 to December 2014. We excluded births to
women with nonmalignant diagnoses and to women whose
recorded diagnosis was not their first or only cancer (n = 1857
births). We excluded births that occurred before diagnosis
(n = 8622) and those missing infant date of birth (n = 53). To

Key Points
Question Are adverse birth outcomes more prevalent among
births to adolescent and young adult (AYA, diagnosed at ages
15-39 years) cancer survivors than among births to women
without a recorded cancer diagnosis?

Findings This case-control cohort study used a data linkage
between the North Carolina Central Cancer Registry and statewide
birth certificate files to identify births to AYA cancer survivors, and
a comparison cohort of births to women without a recorded
cancer diagnosis randomly selected from birth certificate files. The
results suggest an excess risk of preterm birth and low birth
weight among births to AYA cancer survivors.

Meaning These findings may inform the preconception and
prenatal counseling of AYA cancer survivors and suggest the need
for additional surveillance of pregnancies in this population.
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focus our analyses on births closest to the mother’s cancer di-
agnosis and treatment, we included only the first postdiagno-
sis birth to each cancer survivor that occurred from January
2000 to December 2014, excluding second or later births that
also occurred during this time period (n = 924). We further ex-
cluded multiple births (n = 72) and those with fewer than 20
weeks gestation or a birthweight less than 500 g (n = 6). Thus,
final analyses included 2598 births to AYA cancer survivors.

In North Carolina from January 2000 to December 2014, a
total of 1 846 939 births occurred to 1 369 916 women without
a recorded cancer diagnosis. After excluding second or later
births to the same mother during this time period (n = 477 023),
birth records missing infant date of birth (n = 12 360), multiple
births (n = 23 355) and births with fewer than 20 weeks gesta-
tion or a birth weight less than 500 g (n = 3504), we were left with
1 330 697 eligible births. Among these, we randomly sampled
5 comparison births for every included birth to an AYA cancer
survivor. Births were frequency matched on year of delivery and
maternal age. The resulting comparison cohort included 12 990
births to women without a recorded cancer diagnosis.

Outcomes
Outcomes included preterm birth, low birth weight (LBW),
small-for-gestational-age (SGA) birth, a 5-minute Apgar score
less than 7, and cesarean delivery. Low birth weight was de-
fined as less than 2500 g. We evaluated preterm birth before
37 weeks gestation and before 34 weeks gestation, to distin-
guish early preterm and late preterm. National standards for
US births, published by Oken et al,18 were used to determine
SGA, defined as birth weight below the 10th percentile of in-
fants of the same sex and gestational age.

Statistical Analyses
Poissonregressionmodelswithrobusterrorvariance19 wereused
to estimate prevalence ratios (PR) for all birth outcomes, com-
paring births to AYA cancer survivors with the comparison co-
hort. All regression models were adjusted for variables consid-
ered a priori as potential confounders: year of birth (2000-2003,
2004-2006, 2007-2009, 2011-2012, 2013-2014), maternal age
(<24,25-29,30-34,≥35years),race/ethnicity(non-Hispanicwhite,
non-Hispanic black, other), maternal education (high school or
less, some college, Bachelor’s degree or higher), previous live
births (0, 1, 2, ≥3), marital status (married, not married), and ma-
ternal smoking during pregnancy (any, none). Because mater-
nal education and smoking during pregnancy were missing for
all births in 2010, due to a change in the format of the North Caro-
linabirthcertificatethatoccurredthatyear,thesebirthswerenec-
essarily excluded from multivariable models for all outcomes.
Cesarean deliveries were also missing for 2010 births.

We conducted further analyses stratified by cancer site
group, treatment (radiation and/or chemotherapy), time be-
tween diagnosis and birth, and age at diagnosis. In analyses
stratified by time between diagnosis and birth, we assumed
that a mother’s cancer diagnosis occurred during pregnancy
if the infant’s gestational age was longer than the interval be-
tween the mother’s diagnosis and the infant’s date of birth. We
also evaluated risks associated with chemotherapy and/or ra-
diation within cancer site groups.

Within the AYA survivor group, we then evaluated risks as-
sociated with chemotherapy and/or radiation compared with
those who received surgery only. Births to gynecologic can-
cer survivors were excluded from these analyses owing to po-
tential associations between gynecologic surgery and ad-
verse birth outcomes.20

To address whether preterm birth was related to medical
intervention, rather than spontaneous labor, we performed sen-
sitivity analyses excluding all cesarean deliveries (844 births
to AYA cancer survivors; 3907 births to comparison cohort).
We then excluded both cesarean deliveries and induced labor
(1323 births to AYA cancer survivors; 5903 births to compari-
son cohort). All analyses were conducted using SAS 9.4 (SAS
Institute).

Results
Characteristics of births to AYA cancer survivors and the compari-
son cohort are shown in Table 1. The mean (SD) maternal age was
31.1 (5.3) years. A greater proportion of AYA cancer survivors were
non-Hispanic white (n = 2013 of 2598 [78%]) compared with the
comparison cohort (n = 7683 of 12 990 [59%]). The proportion
of births that were preterm (overall preterm, <37 weeks; early
preterm, <34 weeks), low birth weight, or cesarean delivery
was higher among births to AYA cancer survivors.

Among the 2598 AYA cancer survivors with an included
birth, common diagnoses included melanoma/skin carcinoma
(n = 536 [21%]), thyroid cancer (n = 484 [19%]), and breast can-
cer (n = 367 [14%]), Hodgkin lymphoma (n = 179 [7%]), gyne-
cologic cancers (n = 129 [5%]), and non-Hodgkin lymphoma
(n = 110 [4%]) (Table 2). Other diagnoses frequently included
melanoma in situ (n = 258 [10%]), soft tissue sarcomas (n = 69
[3%]), central nervous system neoplasms (n = 66 [3%]), and car-
cinomas of the gastrointestinal tract (n = 61 [2%]). The mean (SD)
age at diagnosis was 28.1 (5.5) years, and the mean (SD) time be-
tween diagnosis and birth was 3.1 (2.5) years. The majority were
diagnosed with localized disease (n = 1454 [56%]) and under-
went surgery (n = 2201 [85%]). Approximately one-fourth of in-
cluded AYA cancer survivors received radiation (n = 595 [23%])
or chemotherapy (n = 646 [25%]).

Overall, preterm birth (PR, 1.52; 95% CI, 1.34-1.71), early
preterm birth (PR, 2.03; 95% CI, 1.62-2.55), and LBW (PR, 1.59;
95% CI, 1.38-1.83) were increased among births to AYA cancer
survivors relative to the comparison cohort (Table 3). A small
but statistically significant increase in cesarean deliveries was
also identified among survivors. The prevalence of SGA and
low Apgar score did not differ between groups.

In analyses stratified by cancer site group, the prevalence
of preterm birth was elevated among births to women diag-
nosed with breast cancer (PR, 1.98; 95% CI, 1.56-2.51), Hodg-
kin lymphoma (PR, 1.59; 95% CI, 1.06-2.37), non-Hodgkin lym-
phoma (PR, 2.11; 95% CI, 1.42-3.13), and gynecologic cancer (PR,
2.58; 95% CI, 1.83-3.63), relative to the comparison cohort. The
prevalence of LBW was increased among births to survivors
of breast cancer (PR, 1.59; 95% CI, 1.18-2.15), non-Hodgkin lym-
phoma (PR, 2.41; 95% CI, 1.58-3.67), and gynecologic cancer
(PR, 2.74; 95% CI, 1.86-4.05).
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Preterm birth (PR, 2.97; 95% CI, 2.47-3.58), LBW (PR, 2.82;
95% CI, 2.25-3.53), cesarean delivery (PR, 1.21; 95% CI, 1.06-1.38),
andlowApgarscore(PR,1.90;95%CI,1.04-3.46)weremorecom-
mon among births to AYA cancer survivors diagnosed during
pregnancythanamongcomparisonbirths.Theprevalenceofpre-
term birth (PR, 1.23; 95% CI, 1.07-1.43) and LBW (PR, 1.36; 95%
CI, 1.16-1.59) remained significantly elevated among births to
women diagnosed with cancer before the start of pregnancy.

Overall, births to women treated with chemotherapy with-
out radiation, were more likely to be preterm (PR, 2.11; 95% CI,
1.68-2.66) and LBW (PR, 2.36; 95% CI, 1.84-3.03) than births to
the comparison cohort. Cesarean deliveries were also increased
among women treated with chemotherapy without radiation
(PR, 1.16; 95% CI, 1.01-1.32). None of the adverse birth outcomes
evaluated were significantly increased among births to wom-
en treated with radiation who did not also receive chemotherapy.

When associations with treatment were evaluated sepa-
rately within each cancer site group, LBW (PR, 1.78; 95% CI,
1.09-2.92) and preterm birth (PR, 1.81; 95% CI, 1.18-2.79) were
more common among births to breast cancer survivors who
were treated with chemotherapy without radiation (eTable 2
in the Supplement). Relative to the comparison cohort, eleva-
tions in preterm birth (PR, 6.03; 95% CI, 3.13-11.63) and LBW
(PR, 4.56; 95% CI, 1.88-11.06) were observed among births to
Hodgkin lymphoma survivors treated with radiation (without
chemotherapy). Among births to non-Hodgkin lymphoma sur-
vivors, preterm birth (PR, 2.68; 95% CI, 1.67-4.30) and LBW (PR,
3.31; 95% CI, 2.06-5.31) were increased among those treated
with chemotherapy without radiation Among births to gyne-
cologic cancer survivors, treatment with surgery only was as-
sociated with an increased prevalence of preterm birth (PR,
3.20; 95% CI, 2.11-4.87), LBW (PR, 3.33; 95% CI, 2.04-5.46), and
cesarean delivery (PR, 1.57; 95% CI, 1.22-2.01) and with a mar-
ginal increase in low Apgar score (PR, 2.83; 95% CI, 0.91-8.78).

Among births to cancer survivors, those to women treated
with chemotherapy (without radiation) had an increased preva-
lence of preterm birth (PR, 2.12; 95% CI, 1.56-2.86) and LBW (PR,
2.13; 95% CI, 1.51-3.00), and a marginally increased prevalence
of SGA compared with births to women treated with surgery only
(PR, 1.43; 95% CI, 1.00-2.04 (eTable 3 in the Supplement).

In sensitivity analyses excluding cesarean deliveries alone,
or cesarean deliveries and induced labors, increases in the
prevalence of preterm birth (PR, 1.73; 95% CI, 1.47-2.04 and
PR, 1.50; 95% CI, 1.23-1.82, respectively) and LBW (PR, 1.67;
95% CI, 1.37-2.02 and PR, 1.44; 95% CI, 1.13-1.84, respec-
tively) were still observed among births to cancer survivors rela-
tive to the comparison cohort.

Discussion
In this population-based study, we found an increased preva-
lence of preterm birth and LBW among births to female sur-
vivors of AYA cancer compared with the general population.
A slight increase in cesarean deliveries was also observed
among births to survivors of AYA cancers. The higher preva-
lence of these outcomes was most pronounced among births
to mothers diagnosed with cancer during pregnancy, with a

more modest increase among those with a longer interval be-
tween diagnosis and birth. Elevations in preterm birth per-
sisted when cesarean deliveries and/or induced labor were ex-
cluded, suggesting an increase in spontaneous preterm
deliveries among AYA cancer survivors. Overall, the preva-
lence of other adverse birth outcomes, including SGA and low
Apgar score, did not differ significantly between births of sur-
vivors and those of the comparison cohort.

Table 1. Pregnancy Characteristics of AYA Cancer Survivors
and the Comparison Cohort of Women Without Cancer

Characteristic

No. (%)a

AYA Cancer Survivors
(n = 2598)

Women Without Cancer
(n = 12 990)

Year of birth

2000-2003 276 (11) 1380 (11)

2004-2006 477 (18) 2385 (18)

2007-2009 657 (25) 3285 (25)

2010-2012 680 (26) 3400 (26)

2013-2014 508 (20) 2540 (20)

Maternal age

Mean (SD), y 31.1 (5.3) 31.1 (5.3)

<24 322 (12) 1610 (12)

25-29 630 (24) 3150 (24)

30-34 914 (35) 4570 (35)

>35 732 (28) 3660 (28)

Mother's race/ethnicity

Non-Hispanic white 2013 (78) 7683 (59)

Non-Hispanic black 387 (15) 2455 (19)

Other 195 (8) 2845 (22)

Mother's marital status

Married 2024 (78) 9549 (74)

Not married 573 (22) 3436 (26)

Mother's education

High school or less 588 (25) 3960 (33)

Some college 640 (27) 3189 (27)

Bachelor’s degree
or higher

1140 (48) 4679 (40)

Maternal smoking during
pregnancy

None 2179 (92) 10927 (92)

Any 184 (8) 912 (8)

Previous live births

0 1259 (48) 5916 (46)

1 777 (30) 3652 (28)

2 350 (13) 2015 (16)

>3 211 (8) 1402 (11)

Preterm birth, wk

<37 327 (13) 1119 (9)

<34 107 (4) 302 (2)

Low birth weight 259 (10) 887 (7)

SGA 242 (9) 1356 (10)

Cesarean delivery 844 (36) 3907 (33)

Apgar <7 55 (2) 238 (2)

Abbreviations: AYA, adolescent and young adult cancer survivors; SGA, small for
gestational age.
a Numbers may not sum to total due to missing values.
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Our findings regarding preterm birth and LBW are in line
with those of recent studies based outside the United States.9-12

In a study of births to AYA cancer survivors diagnosed in West-
ern Australia between 1982 and 2007, Haggar et al9 reported
comparable increases in preterm birth (relative risk [RR], 1.68;
95% CI, 1.23-2.12) and LBW (RR, 1.51; 95% CI, 1.23-2.12) com-
pared with women without a previous cancer diagnosis.9 As
in the current study, the first completed postdiagnosis preg-
nancy was included, regardless of the interval between diag-
nosis and birth. Other non-US studies with similar inclusion
criteria have observed a similarly elevated prevalence of these
outcomes among female cancer survivors diagnosed during re-
productive years.10,12 In our study, the large sample size al-
lowed us to stratify by the length of time between a woman’s
cancer diagnosis and her first postdiagnosis birth. Our results
suggest that the increased prevalence of preterm birth and LBW
may be most concentrated among births to AYA cancer survi-

vors diagnosed during pregnancy, some of whom may de-
liver early to begin treatment. However, modest though sig-
nificant elevations in preterm birth and LBW remained among
births to women diagnosed before pregnancy, indicating that
the elevated prevalence of these outcomes may not be lim-
ited to births to women diagnosed during pregnancy.

Long-term effects of cancer treatment are a possible ex-
planation for these findings. In all cancer site groups com-
bined, both preterm birth and LBW were more common among
births to women treated with chemotherapy. This may be partly
explained by cardiovascular or pulmonary impairments due
to chemotherapy, which may impact blood volume regula-
tion and adversely affect pregnancy outcomes.21,22 Treat-
ment with radiation, in the absence of chemotherapy, did not
appear to be strongly associated with these outcomes. Our find-
ings contrast with those of Haggar et al,9 in which the stron-
gest associations with preterm birth and LBW among AYA

Table 2. Characteristics and Birth Outcomes Among 2598 Births Among AYA Cancer Survivors With a Postdiagnosis Birth

Patient Characteristic,
No. (%)

All
(n = 2598)

Breast
(n = 367)

Hodgkin
Lymphoma
(n = 179)

Melanoma/Skin
Carcinoma
(n = 536)

Non-Hodgkin
Lymphoma
(n = 110)

Thyroid
(n = 484)

Gynecologic
(n = 129)

Other
(n = 793)

Age at diagnosis

Mean (SD), y 28 (6) 32 (4) 25 (5) 28 (5) 28 (6) 28 (5) 27 (6) 28 (6)

15-19 203 (8) 2 (1) 34 (19) 20 (4) 14 (13) 33 (7) 14 (11) 86 (11)

20-24 496 (19) 20 (5) 67 (37) 115 (21) 21 (19) 100 (21) 18 (22) 145 (18)

25-29 762 (29) 80 (22) 40 (22) 191 (36) 24 (22) 170 (35) 39 (30) 218 (27)

30-34 812 (31) 171 (47) 29 (16) 164 (31) 34 (31) 134 (28) 36 (28) 244 (31)

35-39 325 (13) 94 (26) 9 (5) 46 (9) 17 (15) 47 (10) 12 (9) 100 (13)

Time between diagnosis
and birth, y

Mean (SD), y 3 (2) 3 (2) 4 (3) 3 (3) 3 (2) 3 (2) 3 (2) 3 (2)

During pregnancya 431 (17) 91 (25) 16 (9) 98 (18) 17 (15) 56 (12) 26 (20) 127 (16)

<2 687 (26) 67 (18) 43 (24) 158 (29) 25 (23) 140 (29) 27 (21) 227 (29)

2 to <3 455 (18) 66 (18) 26 (15) 84 (16) 22 (20) 102 (21) 25 (19) 130 (16)

3 to <5 559 (22) 76 (21) 48 (27) 112 (21) 26 (24) 96 (20) 29 (22) 172 (22)

≥5 466 (18) 67 (18) 46 (26) 84 (16) 20 (18) 90 (19) 22 (17) 137 (17)

Summary stage

In situ 387 (15) 52 (14) 0 0 0 0 0 335 (42)

Localized 1454 (56) 177 (48) 34 (19) 496 (93) 46 (42) 330 (68) 96 (74) 275 (35)

Regional 469 (18) 122 (33) 94 (53) 22 (4) 22 (20) 137 (28) 15 (12) 57 (7)

Distant 188 (7) 11 (3) 42 (23) 3 (1) 34 (31) 7 (1) 11 (9) 80 (10)

Unstaged 100 (4) 5 (1) 9 (5) 15 (3) 8 (7) 10 (2) 7 (5) 46 (6)

Surgery 2201 (85) 344 (94) 56 (32) 505 (94) 27 (25) 461 (98) 109 (85) 699 (88)

Radiation 595 (23) 150 (41) 79 (44) 3 (1) 28 (25) 256 (53) 6 (5) 73 (9)

Chemotherapy 646 (25) 245 (68) 164 (92) 2 (1) 72 (70) 0 45 (36) 118 (15)

Adverse birth
outcomes, %

Preterm birth, wk

<37 327 (13) 68 (19) 26 (15) 44 (8) 22 (20) 36 (7) 30 (23) 101 (13)

<34 107 (4) 15 (4) 4 (2) 12 (2) 11 (10) 8 (2) 14 (11) 43 (5)

Low birth weight 259 (10) 47 (13) 18 (10) 27 (5) 21 (19) 32 (7) 26 (20) 88 (11)

SGA 242 (9) 41 (11) 21 (12) 29 (5) 13 (12) 41 (8) 12 (9) 85 (11)

Cesarean delivery 844 (36) 148 (43) 54 (33) 164 (34) 43 (42) 134 (31) 57 (49) 244 (33)

Apgar <7 55 (2) 6 (2) 3 (2) 9 (2) 5 (5) 8 (2) 5 (4) 19 (2)

Abbreviations: AYA, adolescent and young adult cancer survivors; SGA, small for gestational age.
a Calculated from date of delivery and gestational age as pregnancies that started before the diagnosis date.
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survivors were observed for treatment with radiation alone.
This may be attributable to differences in site group makeup
between study populations, as our results also suggest poten-
tial differences in treatment effects according to cancer site.
In our sample, treatment with chemotherapy was most strongly
associated with preterm birth and LBW among births to women
diagnosed with breast cancer or non-Hodgkin lymphoma. Sur-
gical treatment among gynecologic cancer survivors ap-
peared to be associated with an increase in both preterm birth
and LBW, as did treatment with radiation among survivors of
Hodgkin lymphoma. However, these findings were based on
small numbers of outcomes, and further investigation is war-
ranted to assess treatment effects within site groups.

Although LBW was increased among AYA survivors, we ob-
served little difference in the prevalence of SGA relative to the
comparison cohort. This is consistent with findings of prior
studies among childhood and AYA cancer survivors.7,8,11,13

Births to AYA survivors that met the criteria for LBW (<2500
g) were generally not small enough to fall below the 10th per-
centile for their gestational age, suggesting that the increase
in LBW may be largely driven by shorter gestation relative to
the comparison cohort.

Limitations
Strengths of this study include the large sample of births to AYA
cancer survivors and the availability of individual treatment in-
formation. Some limitations should also be considered. Infor-
mation regarding childbearing intent and the number and tim-
ing of attempts of parenthood was not available for this study.
Additionally, misclassification may occur in administrative data
sources such as birth certificates and cancer registries. For ex-
ample, gestational age recorded on birth certificates is usually
estimated from the mother’s self-reported last menstrual pe-
riod, and may therefore be subject to some inaccuracy. How-
ever, validation studies have demonstrated high reliability for
birth outcome variables on US birth certificates,23-27 including
those in North Carolina.23,25 Furthermore, we lacked informa-
tion on women who moved out of the state during the study pe-
riod. North Carolina census data for 2000 through 2010, only
7% of women overall moved out of state.28 Thus, even if out-
comes differed among women who moved out of North Caro-
lina, we expect the influence on our estimates would be small.
Furthermore, the number of outcomes was small within some
subgroups; thus, we had limited statistical power to detect sig-
nificant differences in some stratified analyses.

Table 3. Adverse Birth Outcomes Overall and According to AYA Characteristics for 2598 Births

Characteristic

Adjusted Prevalence Ratio (95% CI) vs Noncancer Comparison Group (n = 1299)a,b

Preterm Birth, wk

Low Birth Weight SGA Cesarean Delivery Apgar <7<37 <34
Overall 1.52 (1.34-1.71) 2.03 (1.62-2.55) 1.59 (1.38-1.83) 0.97 (0.85-1.11) 1.08 (1.01-1.14) 1.18 (0.87-1.61)

Site group

Breast 1.98 (1.56-2.51) 1.56 (0.92-2.63) 1.59 (1.18-2.15) 1.00 (0.73-1.36) 1.17 (1.04-1.33) 0.90 (0.40-2.02)

Hodgkin lymphoma 1.59 (1.06-2.37) 1.27 (0.48-3.37) 1.44 (0.89-2.33) 1.08 (0.71-1.64) 1.08 (0.88-1.34) 0.92 (0.30-2.79)

Non-Hodgkin lymphoma 2.11 (1.42-3.13) 3.42 (1.88-6.21) 2.41 (1.58-3.67) 1.09 (0.66-1.81) 1.18 (0.94-1.49) 2.07 (0.89-4.86)

Melanoma/skin carcinoma 1.12 (0.82-1.52) 1.67 (0.93-3.01) 0.99 (0.67-1.47) 0.65 (0.44-0.95) 1.04 (0.91-1.17) 0.88 (0.41-1.87)

Thyroid 0.97 (0.69-1.36) 0.92 (0.44-1.94) 1.23 (0.86-1.75) 0.94 (0.69-1.29) 0.97 (0.85-1.12) 1.10 (0.55-2.21)

Gynecologic 2.58 (1.83-3.63) 4.29 (2.43-7.58) 2.74 (1.86-4.05) 0.67 (0.36-1.26) 1.48 (1.21-1.79) 2.34 (0.99-5.56)

Time between diagnosis and birth

Diagnosed during pregnancy 2.97 (2.47-3.58) 3.44 (2.34-5.05) 2.82 (2.25-3.53) 1.05 (0.77-1.42) 1.21 (1.06-1.38) 1.90 (1.04-3.46)

Diagnosed before pregnancy, y 1.23 (1.07-1.43) 1.77 (1.37-2.30) 1.36 (1.16-1.59) 0.96 (0.83-1.11) 1.05 (0.98-1.12) 1.06 (0.76-1.50)

<2 1.35 (1.07-1.70) 2.19 (1.48-3.25) 1.47 (1.13-1.91) 0.86 (0.65-1.12) 1.02 (0.91-1.15) 0.99 (0.53-1.84)

2 to <3 1.32 (1.00-1.74) 1.49 (0.86-2.59) 1.40 (1.02-1.92) 0.88 (0.64-1.20) 1.01 (0.88-1.15) 1.13 (0.56-2.26)

3 to<5 0.98 (0.73-1.32) 1.48 (0.90-2.46) 1.20 (0.88-1.63) 0.89 (0.67-1.18) 1.11 (0.99-1.24) 0.83 (0.41-1.66)

>5 1.27 (0.95-1.69) 1.80 (1.11-2.90) 1.34 (0.98-1.83) 1.23 (0.96-1.58) 1.07 (0.94-1.21) 1.31 (0.75-2.30)

Treatment

Surgery only 1.21 (1.01-1.45) 1.84 (1.33-2.55) 1.29 (1.05-1.59) 0.85 (0.70-1.04) 1.04 (0.96-1.13) 1.07 (0.70-1.64)

Radiation, no chemotherapy 1.21 (0.85-1.72) 0.52 (0.17-1.62) 1.34 (0.91-1.98) 0.92 (0.64-1.34) 1.08 (0.92-1.26) 1.52 (0.76-3.06)

Chemotherapy, no radiation 2.11 (1.68-2.66) 2.93 (1.97-4.36) 2.36 (1.84-3.03) 1.14 (0.85-1.52) 1.16 (1.01-1.32) 1.20 (0.62-2.30)

Chemotherapy and radiation 2.28 (1.77-2.93) 2.90 (1.83-4.60) 2.01 (1.48-2.72) 1.17 (0.86-1.60) 1.15 (0.98-1.35) 0.43 (0.11-1.72)

Age at diagnosis, y

15-19 1.65 (1.14-2.40) 1.49 (0.66-3.36) 1.26 (0.77-2.05) 1.01 (0.70-1.46) 1.27 (1.03-1.56) 0.74 (0.24-2.33)

20-24 1.26 (0.93-1.70) 2.36 (1.44-3.88) 1.61 (1.18-2.19) 0.81 (0.59-1.10) 0.94 (0.80-1.10) 1.03 (0.83-2.02)

25-29 1.67 (1.35-2.06) 2.57 (1.75-3.76) 1.75 (1.38-2.23) 0.97 (0.76-1.24) 1.12 (1.01-1.24) 1.17 (0.67-2.03)

30-34 1.42 (1.15-1.74) 1.74 (1.18-2.56) 1.46 (1.16-1.85) 0.99 (0.78-1.25) 1.07 (0.97-1.17) 1.38 (0.84-2.27)

35-39 1.64 (1.25-2.15) 1.85 (1.13-3.04) 1.72 (1.28-2.33) 1.15 (0.83-1.60) 1.09 (0.95-1.25) 1.29 (0.60-2.76)

Abbreviation: SGA, small for gestational age.
a Excludes 2010 births (missing variables for cesarean delivery, mother's education, and smoking).
b Adjusted for year of birth, maternal age, race/ethnicity, mother's education, previous live births, marital status, and maternal smoking during pregnancy.

Birth Outcomes Among Adolescent and Young Adult Cancer Survivors Original Investigation Research

jamaoncology.com (Reprinted) JAMA Oncology August 2017 Volume 3, Number 8 1083

© 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Moffitt Cancer Center User  on 08/21/2020

http://www.jamaoncology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2017.0029


Conclusions

Overall, our results suggest an increased risk of preterm birth
and LBW among births to AYA cancer survivors. Treatment

with chemotherapy may be associated with increases in
these outcomes. Our findings may inform the preconception
and prenatal counseling of AYA cancer survivors and suggest
the need for additional surveillance of pregnancies in this
population.
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General Article

Children and older adults living with cancer have experi-
enced dramatic increases in survival rates since 1975, but 
young adult (YA) cancer patients and survivors (i.e., men 
and women who were diagnosed with cancer between the 
ages of 18 and 39, and those who completed primary treat-
ment within this age range; Macmillan Cancer Support, 
2013) have demonstrated little improvement (Couzin, 
2007). In fact, cancer is the leading cause of disease-related 
death among this age group (National Cancer Institute 
[NCI], 2014). One way to address the negligible increase 
in YA mortality rates is to learn more about this group’s 
unique psychosocial needs (Adolescent and Young Adult 
Oncology Progress Review Group [AYAOPRG], 2006).

YAs face different challenges than younger and older 
patients and survivors due to the numerous “emotional, 
developmental, and social changes and transitions during 
this stage of life” (AYAOPRG, 2006, p. ii). Many YAs are 
working to achieve important social milestones (e.g., form-
ing intimate relationships, finishing school, beginning 
careers, having children) and normative developmental 
characteristics (e.g., securing financial independence, 
establishing identities, setting future goals) that are typi-
cally of less concern to older adults (Gorman, 2011; Hollis 
& Morgan, 2001). Yet YAs commonly experience difficulty 
as cancer abruptly delays or derails these normative social 
achievements (Carpentier, Fortenberry, Ott, Brames, & 

Einhorn, 2011). For example, one of the most salient psy-
chosocial challenges identified by YAs is the perception 
that their social identities and existing relationships with 
peers (e.g., coworkers, classmates) and close social net-
work members (SNMs; for example, family, friends, 
romantic partners) are altered following diagnosis (Kent 
et al., 2012). As a result, YAs living with cancer commonly 
experience social isolation, frustration, and discomfort as 
they struggle to initiate new relationships and maintain 
effective social support (Miller & Hefner, 2012; Zebrack 
et al., 2013).

The lack of effective and age-appropriate support 
resources available to YAs also compounds these chal-
lenges. YAs have greater unmet needs for accessing tar-
geted information and are less likely to use professional 
and age-appropriate support services than other age 
groups (Thewes, Butow, Girgis, & Pendlebury, 2004; 
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Zebrack et al., 2013). They also have limited access to 
programs that can help them obtain support from other 
YA patients and survivors. Many YAs underuse the few 
age-appropriate support or social connection services that 
do exist, perhaps due to a lack of awareness regarding 
their availability (Kent et al., 2012).

New research must investigate how YAs communicate 
with close SNMs to integrate the cancer experience into 
their life and achieve a “new normal” (Donovan-Kicken, 
Tollison, & Goins, 2012). Considering the unique psy-
chosocial struggles experienced by YAs following a can-
cer diagnosis, we examine how intended support 
messages can hinder or facilitate YAs’ adjustment to their 
illness. In the following section, we discuss the biograph-
ical disruption and relational alterations that YAs experi-
ence following diagnosis. These disruptions could impede 
YAs’ attempts to engage in effective support interactions 
that enable biographical reconstruction.

Biographical Disruption

Chronic and severe illness “separates the person of the 
present from the person of the past, and affects or even 
shatters any images of self held for the future” (Corbin & 
Strauss, 1987, p. 249). In other words, when a person is 
diagnosed with cancer, their biography, or expected life 
course and structure of everyday life, is disrupted. 
Because cancer and its treatment often cause diminished 
functioning, changes in routines and activities, increased 
dependency, less reciprocal support, and stigma, many 
sufferers experience altered social roles and relationships 
(Bury, 1982; Charmaz, 1999; Deimling, Bowman, & 
Wagner, 2007). Thus, many sufferers are forced to reeval-
uate taken-for-granted assumptions and identities, recon-
sider their vision for the future, and question which 
aspects of their past led to their current condition (Bury, 
1982; Charmaz, 1999). Even decades after initial treat-
ment, some survivors continue to experience social dis-
ruption and diminished work productivity due to 
prolonged health problems, psychological distress related 
to recurrence fears, and persistent “unexplained” symp-
toms that are often dismissed by practitioners (Deimling, 
Bowman, Sterns, Wagner, & Kahana, 2006; Deimling 
et al., 2007; Feuerstein, Bruns, Pollman, & Todd, 2010; 
Feuerstein, Todd, et al., 2010).

In response to biographical disruption, people living 
with cancer strive to achieve biographical reconstruction, 
or an incorporation of their pre-cancer identity into their 
current self, to stabilize feelings of uncertainty and regain 
or create equilibrium (Miedema, Hamilton, & Easley, 
2007; Williams, 1984; Zebrack, 2000). Biographical 
reconstruction is often achieved through communication 
about the cancer sufferer’s experience (Charmaz, 1999). 
These conversations are effective in creating an altered 

biography when they enable sufferers to draw upon cur-
rent interpretations of their pre-cancer social identities 
and life events to construct new cancer-related narratives 
that make sense of the illness experience as a whole 
(Charmaz, 1999; Hannum, Black, Rubinstein, & de 
Medeiros, 2015; Mathieson & Stam, 1995; Miedema 
et al., 2007). Cancer sufferers can also use conversation 
to reconceptualize once-devastating turning points as 
“marker events” that encourage the reconstruction of 
their biography into something more positive (Bruner, 
1999; Charmaz, 1999). For example, older adults who 
adopt “survivor orientations” (i.e., valuing a “cancer sur-
vivor” identity and not considering themselves to be “less 
whole”) experience better mental health outcomes, higher 
levels of health promotion, and appropriate symptom 
monitoring (Deimling et al., 2007).

Because YAs are already undergoing a normative state 
of psychosocial transition, cancer’s biographical disrup-
tion can alter their relationships in a manner that is dis-
tinct from patients at other life stages (AYAOPRG, 2006; 
Miedema et al., 2007). Empirical studies have yet to 
explain whether, why, and how YAs integrate their cancer 
experience into their altered biographies, understand the 
social factors that facilitate or hinder this integration, or 
consider the social outcomes of such integration (Zebrack, 
2000). Distorted relationships could complicate YA sur-
vivors’ and their close SNMs’ ability to send, receive, and 
solicit support, which is necessary to incorporate cancer 
into their disrupted identities (Corbin & Strauss, 1987).

Normative Social Support

Following a cancer diagnosis, YAs commonly appreciate 
the support they receive from preexisting social networks, 
particularly messages that enable them to make sense of 
their illness experience and its influence on their identity and 
relationships (Kent et al., 2012). Yet not all enacted support 
is perceived as effective in helping receivers cope 
(Goldsmith, 2004). A normative, message-centered approach 
to social support transcends the creation of taxonomy and 
quantitative self-report to provide more detailed understand-
ings of why some messages succeed and others fail within 
particular sociocultural or relational contexts. Thus, 
researchers are able to better understand how and why 
enacted support messages are evaluated by receivers as 
effective or ineffective in coping with illness (Goldsmith, 
Lindholm, & Bute, 2006).

Goldsmith (2004) synthesized the support behaviors 
commonly identified as effective (i.e., helpful and sensi-
tive) and ineffective by people suffering from a variety of 
illnesses, traumatic life events, and stressors. Effective 
behaviors included providing competent practical assis-
tance, opportunities to talk or vent, affection, empathy, hon-
esty, reassurance, encouragement, respect for autonomy, 
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normalcy, and inclusion in social activities. Ineffective 
behaviors included providing incompetent or unwanted 
care, unwanted discussion, too much control, negative atti-
tudes or beliefs, disagreement with decisions, discomfort, a 
lack of communication or listening, rude remarks, and con-
descension and pity. Because several forms of support (e.g., 
giving information and advice, showing concern, sharing 
positive experiences) appeared on both effective and inef-
fective taxonomies in the reviewed studies, Goldsmith and 
colleagues (2006) began examining how specific features 
and processes of illness-related interactions normatively 
influenced the interpretation of that support.

According to a normative perspective, the perceived 
effectiveness of enacted support is contingent on what the 
receivers and providers of support say and how they say 
it, the contexts in which the communication occurs, and 
the meanings participants attribute to the message, based 
on how it is used to achieve tasks, define the problem and 
its coping options, affirm or challenge participants’ iden-
tities, and portray their relationship (Goldsmith, 2004; 
Zebrack, Chesler, & Kaplan, 2010). The multiple mean-
ings inherent in support messages can produce barriers or 
dilemmas in seeking and receiving effective social sup-
port (Goldsmith et al., 2006). For example, what a SNM 
says and how they say it when attempting to provide sup-
port can threaten (rather than maintain or validate) a YA’s 
desired identity (e.g., competence, independence, agency) 
and relational interpretations (e.g., power, intimacy, 
closeness, involvement), causing intended support to be 
interpreted as detrimental to coping (Goldsmith, Bute, & 
Lindholm, 2012).

Because of the unique identity and relational barriers 
YAs experience even before a cancer diagnosis, it is par-
ticularly important to investigate the salient communica-
tion challenges YAs experience in seeking and receiving 
social support from a normative perspective. Addressing 
YAs’ support needs could help improve their emotional 
well-being and their health outcomes. When YAs per-
ceive high levels of social support, they are more likely to 
cope with their illness across the cancer trajectory 
(Miedema et al., 2007; Zebrack, 2011), experience less 
anxiety, make better treatment decisions, demonstrate 
increased self-worth and normalcy, report less pain 
(Zebrack et al., 2010), have more time to physically and 
emotionally recuperate, improve their outlook, and main-
tain a higher quality of life overall (Kent et al., 2012).

Because the biographical disruption of cancer diagnosis, 
its treatment, and issues pertaining to survivorship cause 
uniquely altered social relationships between YA survivors 
and SNMs, this population encounters barriers to engaging 
in supportive communication, which inhibits illness adjust-
ment (i.e., biographical reconstruction). Examining the 
nature of social support in YA survivors’ interactions with 
SNMs and peers across the cancer trajectory enables 

researchers to learn how altered interpersonal communica-
tion counters or exacerbates YAs’ attempts to integrate can-
cer into their lives (Donovan-Kicken et al., 2012). Thus, we 
elicited narratives from YA survivors to explore how their 
normative perceptions of social support functioned to both 
hinder and assist them in coping with the cancer experience. 
In short, we use a normative social support perspective to 
examine how and why YA cancer survivors interpret social 
support attempts from romantic partners, family, friends, 
and peers.

Method

Eliciting, analyzing, and thickly describing narratives 
about YAs’ communication practices following a cancer 
diagnosis can shed light on cancer’s social effects in a 
manner that illustrates the lived experience of the illness 
(Sharf, Harter, Yamasaki, & Haidet, 2011). Thus, we 
engaged in one-on-one, face-to-face narrative interviews 
with 30 YA cancer survivors (16 women, 14 men). 
Participants resided in Ohio (n = 17), Kentucky (n = 11), 
Indiana (n = 1), and Minnesota (n = 1). Average age at 
initial diagnosis was 24.8 (with a range of 17-36). Most 
were between the ages of 18 and 24 (n = 18) or between 
25 and 31 (n = 10) at initial diagnosis, with fewer partici-
pants (n = 2) between the ages of 32 and 39. Participants 
identified as White (n = 25), mixed race (n = 2), African 
American (n = 1), Hispanic (n = 1), and Asian (n = 1). 
Survivors’ initial diagnoses were leukemia (n = 7), head 
and neck (n = 6), testicular (n = 5), breast (n = 4), lym-
phoma (n = 4), liver (n = 1), cervical (n = 1), mediastinal 
germ cell (n = 1), and ovarian/uterine (n = 1) cancer. Most 
(n = 22, 73%) had not experienced a recurrence or sec-
ondary malignancy following the completion of primary 
treatment. At the time of the interview, survivors on aver-
age were 4 years (with a range of 0-13 years) from the 
completion of primary treatment.

Following approval by university institutional review 
board, Iannarino recruited participants through purposive 
sampling. Fliers were posted on public bulletin boards on 
the campus and in the community surrounding a large 
southeastern university. Announcements were also made 
to undergraduates before several communication classes 
at the university. Online notices were posted on social 
media pages of cancer survivor support group organiza-
tions and websites. Email, phone, and face-to-face 
exchanges to solicit potential participants occurred with 
patient services managers, registered dieticians, and 
social workers at several university hospitals and non-
profit organizations that provide cancer-related psycho-
social services. Snowball sampling was also used to ask 
participants who had completed the study to inform addi-
tional YAs who were eligible for and interested in 
participation.
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After contacting Iannarino, potential participants were 
told the purpose of the research (i.e., to learn about how 
YA cancer survivors talk with their loved ones about the 
cancer experience), the activities entailed in participation 
(i.e., engaging in a one-on-one, face-to-face interview 
lasting approximately 75 minutes), and the remuneration 
for participation (i.e., a US$15 gift card). Eligible survi-
vors who provided informed consent completed a short 
demographics questionnaire and engaged in a narrative 
interview (Lindlof & Taylor, 2011) at a semiprivate loca-
tion of the participants’ choosing. Interview questions 
were designed to elicit specific narrative examples about 
participants’ attempts to navigate altered social relation-
ships and their evaluations of supportive communication 
following biographical disruption (e.g., “Can you tell me 
about a time when your interactions with someone close 
felt different because of your cancer diagnosis and treat-
ment?” “Can you tell me about a time when someone 
close offered you support and you thought they handled it 
in an effective/ineffective way? What made this a posi-
tive/negative experience?”). Interviews lasted an average 
of 72 minutes (with a range of 25-120 minutes), and they 
were audio recorded and transcribed verbatim.

To interpret our data, we used thematic narrative 
analysis (Williams, 1984), which is used when primary 
attention is paid to “the told,” or what the narrator 
reported in regard to significant events and experiences, 
rather than aspects of “the telling” (Riessman, 2008, p. 
54). Thematic analysis allows researchers to emphasize 
the content a narrative communicates, with minimal 
focus on “how” it was constructed, “to whom” it was 
intended, and “for what purposes” (Riessman, 2008, pp. 
53-54). Researchers must first establish the boundaries 
of their narrative units and keep these narratives intact 
during the analytical process by preserving their 
sequences (Riessman, 2008). After an initial read-
through of the transcripts, Iannarino considered the nar-
rative unit of analysis to be the individual narratives 
within each interview. We used a priori concepts based 
on our understanding of Goldsmith’s (2004) normative 
approach to social support to generate thematic catego-
ries across individual narratives while also remaining 
open to deriving new insights (Scott, Martin, Stone, & 
Brashers, 2011) by theorizing from a case-centered 
approach (Williams, 1984). This was accomplished 
while preserving and grouping the narrative sequences 
according to their representation of preexisting and 
newly emergent categories (Riessman, 2008). Thus, we 
began by categorizing sequences as demonstrating 
effective or ineffective social support while making note 
of the YA’s description of the manner in which the mes-
sage was delivered, whether it validated or threatened 
the YA’s identity and relational goals, and how it defined 
the YA’s cancer experience in general.

Iannarino trained two coders to assist with the inter-
pretation process. They were briefed about the norma-
tive approach to social support that was used to 
generate thematic categories. Iannarino instructed the 
coders to make note of narratives that provided insight 
into the barriers and facilitators YAs experienced in 
receiving and soliciting effective and ineffective social 
support. Individually, each coder read through the 
interviews in their entirety, marking the boundaries 
and existence of narrative units; making note of the 
coherence and fidelity of the narratives (i.e., do they 
hang together and ring true?); highlighting words, 
phrases, and marker events that struck the coder as 
memorable; and paying attention to general patterns 
related to the narratives’ assumptions (Riessman, 
2008). Each coder generated an individual list of emer-
gent themes representing the specific types of support 
YAs perceived as effective or ineffective, and we made 
note of the meanings participants attached to this sup-
port. We then met in person to assess initial interpreta-
tions and discrepancies and to compare, collapse, and 
contrast the support type themes that emerged individ-
ually. A fourth member of the research team also 
attended this meeting to provide an external assess-
ment of the confirmability of the categories as the 
focus of further analysis. Through detailed conversa-
tion, we reached consensus regarding the consistency 
of the emergent support forms and generated one list of 
themes that each coder would use to classify narratives 
during the second coding round.

We then read through the narratives independently a 
second time, labeling sequences according to our list of 
emergent themes and identifying any additional support 
forms if they arose. We also examined each narrative 
more fully in the context of the narrator’s collated 
demographic information, and we made additional note 
of any thematic overlaps and contradictions across 
individual narratives based on this information. We 
reconvened one final time to assess additional discrep-
ancies, to further clarify the classification of marker 
events as representing our emergent support forms, to 
determine that the descriptions of these forms repre-
sented the a priori categories of effective and ineffec-
tive support attempts according to a normative 
approach, and to ensure that theoretical saturation had 
been reached. When reporting the results of our analy-
sis, we integrated the individual narratives into one 
stand-alone narrative as a research representation that 
depicts “how and why a particular outcome came 
about” (Polkinghorne, 1995, p. 19). Therefore, the nar-
rative presented in our “Findings” section weaves 
together the themes across individual cases to thickly 
describe the common experience of how YAs navigate 
social relationships following a cancer diagnosis.
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Findings

Consistent with prior research (Goldsmith et al., 2006), 
YA survivors detailed the normative forms of social sup-
port they received from family, friends, romantic part-
ners, and peers throughout their cancer experience and 
their perceptions about which forms of support were 
effective and ineffective. Commonly effective forms of 
support reported by YAs encouraged them to maintain 
normalcy. Support types that were consistently inter-
preted as ineffective included pity, negative stories, rude 
remarks, excessive self-monitoring, and emerging from 
estrangement. YAs also reported the receipt of several 
additional forms of instrumental and relational support 
that were circumstantially perceived as both effective and 
ineffective. Table 1 provides a summary of support forms 
described by YA survivors.

Commonly Effective Forms of Support

YAs consistently stated that being treated “the same” 
despite having cancer, and not as fragile, weak, incapa-
ble, or severely ill, was a commonly effective form of 
support. They generally felt support was effective when 
it aligned with their own perceptions of their normality 
and capability: that they were the same person as before 
their diagnosis or that whatever physical or emotional 
alterations they experienced were not negative or 
shameful. For example, YAs appreciated when others 
engaged in “normal” conversational topics that did not 
deal solely with cancer, or when others encouraged 
them to maintain regular activities (e.g., weekly lunch 
dates, golf outings, meeting at bars—even if they 
entered chemo hung over the next morning). One par-
ticipant, an acute myeloid leukemia (AML) survivor, 
appreciated the normalcy of being asked by friends to 
do things “just like [she] always had” rather than having 
to respond to inquiries regarding her illness. YAs, like 
this acute promyelocytic leukemia (APL) survivor, also 
liked others to reinforce the normalcy of, and not express 

discomfort regarding, the physical and functional altera-
tions caused by their treatment:

When you look sick, people treat you differently, especially 
the people that you aren’t really close to. But I wanted to be 
treated just like any other person walking on the street. If 
you’re gonna be mean to that person, be mean to me. Don’t 
treat me differently just because I have cancer.

A breast cancer survivor appreciated her boyfriend’s abil-
ity to help her feel more comfortable with the visible 
effects of chemotherapy:

He’s always like, “You need to buzz your hair. I liked when 
your hair was buzzed.” He took a picture of me when we were 
in Florida for a wedding. Peach fuzz was coming in and he 
convinced me to not go out with anything on my head. . . . He 
still has [the picture] on his phone, and he’ll pull it up and be 
like, “You need to do your hair like this again.” And I’m like, 
“But that’s like when I didn’t even have any hair!”

Some YAs, however, were so desperate to receive sup-
port that helped them feel normal that they pursued dis-
satisfying relationships with people who appeared 
comfortable with their cancer history. A testicular cancer 
survivor acknowledged that he married the wrong person 
because he feared no one else would accept him for the 
loss of his fertility, and his marriage ultimately ended in 
divorce: “We didn’t have anything in common, but once I 
knew that she was cool with [my infertility], I found 
myself not wanting to be without

her. I just stayed close to her, which ended up bein’ a 
huge mistake.” Accounts like these are indicative of YAs’ 
common appreciation of support that helped them feel as 
normal as possible, whether it involved maintaining nor-
mal conversations or activities or encouraging them to 
feel normal despite experiencing altered appearances or 
bodily functions.

Commonly Ineffective Forms of Support

One of the barriers to YAs being treated normally, how-
ever, is that SNMs are typically so unfamiliar with pro-
viding support to YAs with cancer that they do not know 
how to handle the situation in a way that actually bene-
fits the survivor. Many YAs felt isolated because even 
their closest SNMs could not understand the physical 
and emotional experience of cancer without living 
through it themselves. Others said many intended sup-
porters lacked education and fostered misconceptions 
about cancer as a disease state, which caused uncertainty 
about how to help.

Perhaps as a result, YAs like this testicular cancer sur-
vivor experienced a wide variety of support attempts 
from SNMs: “Some people take it very differently than 

Table 1. Commonly Effective, Ineffective, and Mixed Forms 
of Normative Support in YA Cancer Survivors.

Commonly effective 
forms of support

Being treated “normally”

Commonly 
ineffective forms 
of support

Pity and exaggerated sympathy
Negative stories
Rude remarks
Excessive self-monitoring
Emerging from estrangement

Mixed forms of 
support

Instrumental support
Relational support
Acknowledging strength and wisdom

Note. YA = young adult.
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others. Some people are very, very accommodating and 
helpful and go out of their way. And others I think are a 
little more—they’re just not that comfortable.” A testicu-
lar cancer survivor felt he needed to educate others about 
his treatment options to receive effective support, which 
became burdensome. A breast cancer survivor knew her 
supporters meant well, but she did not think they were 
prepared to deal with her unique situation: “Nobody is 
ever not trying to be supportive. It’s just that they don’t 
know how to handle it.”

The disparate support tactics of YAs’ SNMs indicate a 
lack of existing helpful cognitive frameworks that might 
provide more effective support to YAs with cancer. The 
support templates that do exist are generally geared 
toward assisting pediatric or older adult populations, who 
experience different needs and coping strategies follow-
ing a cancer diagnosis. An additional problem is that 
many of the most influential supporters are also YAs 
themselves. A Hodgkin’s lymphoma survivor acknowl-
edged that YA SNMs often lack the wisdom and life 
experience afforded to the closest supporters of older and 
younger survivors: “I think my friends being younger, 
they didn’t know how to react at all. Some people acted 
immature about it, and I think it’s because they weren’t 
sure what to do.” Younger SNMs also sometimes priori-
tized their own normative life goals or interests over 
offering the survivor effective support.

Perhaps because of the lack of an existing support cat-
egory for this population, YAs often reported that poten-
tial supporters within their social network experienced 
hesitancy, fear, discomfort, shock, denial, self-absorption, 
and ineptitude when faced with opportunities to provide 
support. YAs identified the following six forms of social 
support as commonly ineffective. The prevalence of inef-
fective support was largely a product of SNMs generally 
not knowing, or attempting to learn, how to support YAs 
during the cancer experience.

Pity and exaggerated sympathy. YAs, like this breast can-
cer survivor, explained that potential supporters’ inherent 
somberness caused survivors to feel uncomfortable: 
“They’re trying to help, but in their sympathy they say 
dumb things, or their being sad makes me sadder.” A tes-
ticular cancer survivor said he was more likely to accept 
support from people who did not elicit overly sympa-
thetic responses to his cancer (e.g., “Ohhh, I’m sooo sorry 
for you,” “Let me help you”) and instead reacted in a 
manner that was more natural (e.g., “Ahh, that blows”). 
YAs also perceived exaggerated sympathy from others 
nonverbally, specifically in the form of “big pity eyes” 
and “pity face,” which one Hodgkin’s lymphoma survi-
vor experienced when she told older SNMs she had can-
cer: “They’ll be like, ‘Ohhh, you doooooo.’ . . . I just hate 
that face.” Many YAs, like this testicular cancer survivor, 

said that they received overwrought support because their 
SNMs believed their diagnosis was a death sentence: 
“Even when we went out, it was almost like watchin’ 
your own funeral, because they mourned around you.”

Negative stories. Another commonly ineffective form of 
support perceived by YAs involved the sharing of nega-
tive stories and information about the cancer experience, 
which frequently involved people the SNM had known 
who had died from cancer. An AML survivor bemoaned 
the lack of positive stories about long-term survivorship, 
possibly because the sources of these narratives were 
often older SNMs:

With people my parents’ or grandparents’ age, it’s “Oh, I 
knew somebody who had that cancer and they died.” It’s 
never, “Oh, I know so and so who had that cancer five, 10, 
15, 20 years ago and they’re still my friend.” It’s always, “I 
knew somebody and they died.” I’m like, “Oh, that’s nice.”

YAs acknowledged that potential supporters often shared 
stories in an attempt to empathize with the survivor and 
normalize the experience, but the frightening information 
they included caused YAs, like this breast cancer survi-
vor, to expect the worst possible outcomes of their cancer 
and its treatment: “I do not want to hear anything nega-
tive. People will say those things to make you feel better, 
but really all it does is just make you feel like crap.” Other 
YAs, like this APL survivor, believed that SNMs’ attempts 
to be empathetic invalidated their experience: “It’s like, 
‘My great uncle had leukemia, so I know what you’re 
going through.’ And it’s like, ‘You don’t though. You 
don’t know what I’m going through.’”

Rude remarks. Often in an attempt to satisfy their curios-
ity about the YA’s cancer experience, intended supporters 
made insensitive and awkward comments that YAs com-
monly perceived as misguided attempts to initiate sup-
portive conversation. For example, several married 
survivors at the life stage in which they were normatively 
“supposed to conceive” received awkward questions 
from close SNMs about family planning (e.g., “So when 
you gonna have another one?”), despite having lost their 
fertility. YAs also had to address perceptions about their 
altered sexual function. A testicular cancer survivor con-
sidered some questions from peers about the effects of his 
orchiectomy to be more insulting than awkward: “Since I 
lost a nut, people have asked ‘Are you gonna have testos-
terone or are you still gonna be, like, a guy?’ . . . I’m just 
like, ‘Really? Yes, I’m still completely fine.’” Although 
some YAs who did not bear obvious physical indicators 
of their cancer received insensitive comments that called 
into question their illness’s legitimacy, YAs’ physical 
alterations sometimes elicited insulting observations. An 
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AML survivor described an encounter with an acquain-
tance at a bar:

I was saying I might do something funky with my short hair, 
maybe even shave the sides or something. And he said, 
“You’d look like a dyke.” It was one of those moments 
where it’s like, “Are you joking or are you serious?”

YAs also described receiving insensitive comments from 
SNMs that increased the YA’s uncertainty about the status 
of their romantic relationships. For example, a breast can-
cer survivor’s boyfriend’s friends marveled at his rela-
tional commitment because they personally “would have 
left,” and members of a testicular cancer survivor’s fian-
cé’s family whose partners died of cancer encouraged her 
to end the relationship because he would eventually 
“cause nothing but pain and suffering and heartbreak.”

Excessive self-monitoring. While YAs commonly received 
insensitive remarks and questions regarding their physi-
cal function, appearance, and relational status, many also 
felt that SNMs were ineffective by remaining overly wary 
of potentially upsetting the YA. In their attempts to be 
considerate, SNMs monitored their communication to the 
point that the survivor felt their conversations became 
abnormal. An AML survivor believed her frail appear-
ance caused people she had known her whole life to “tip-
toe” around her:

My friends said, “What you’re dealing with is so much 
worse than anything I have to tell you, and I feel silly telling 
you about some weird thing that happened to me on Saturday 
night when your Saturday night was spent at the hospital.”  
. . . But I wanted to scream, “Just be normal! I’m already sick 
and I had to pause my life and now I feel like everyone 
around me is acting different.” It was one more change I 
didn’t wanna deal with.

Intended supporters’ uncertainty about how to provide 
support sometimes manifested itself as being overly wary 
of saying the wrong thing. This also encouraged YAs to 
feel “out of the loop,” which complicated their attempts 
to reconstruct an already disrupted biography.

Emerging from estrangement. YAs were frustrated when 
they believed that individuals with whom they were never 
or no longer close emerged to offer support after hearing 
about their diagnosis. YAs often believed that people who 
were not constants in their lives surfaced not out of genu-
ine care, but to relieve a sense of guilt, to draw attention 
to themselves, to “get in on the drama,” or to satisfy their 
own curiosity about the YA’s experience. An AML survi-
vor was wary of a friend who had withdrawn before her 
diagnosis and had attempted to reemerge to provide sup-
port: “I don’t want someone to come back into my life 

just because they feel bad for me. You either wanna be 
my friend when I’m sick and when I’m healthy, or you 
don’t wanna be my friend.” A Hodgkin’s lymphoma sur-
vivor described her invalidation when she suddenly 
received hugs and compliments from classmates at a high 
school dance after buzzing her hair: “The whole night, 
everyone was like, ‘Oh my God, you look beautiful!’ 
which is nice and flattering, but I look the exact same, 
just with no hair. My face didn’t change. Nothing else 
changed.” YAs again found it difficult when they felt they 
were being treated differently as a result of their illness, 
including when they believed that newly emergent 
intended supporters had not sincerely supported them in 
the past.

In summary, YAs perceived several types of intended 
support to be commonly ineffective. In many cases, 
SNMs’ failed support attempts were a product of their 
discomfort with and lack of understanding about the YA 
cancer experience. Many of these supporters were YAs 
themselves, who were undergoing their own normative 
transitions and were often inexperienced in dealing with 
severe illness involving people of a similar age.

Forms of Support Perceived as Effective and 
Ineffective

YAs also reported several forms of support that some sur-
vivors perceived as effective and others considered inef-
fective due to conflicting task, relational, and identity 
goals inherent in the messages in various contexts. For 
example, YAs expressed similar patterns in their positive 
and negative assessments of instrumental support (i.e., 
offers to complete or actually fulfilling helpful tasks) and 
relational time spent (i.e., “hanging out”). Their evalua-
tions depended on the perceived amount and availability 
of the support and their existing relationship with the sup-
porter. When survivors felt that supporters were babying 
(i.e., violating independence by hovering or “overdoing” 
instrumental tasks) or smothering them (i.e., violating the 
nature of their relationship by being constantly around), 
task and relational support were considered to be unbal-
anced and overly burdensome. Yet, even when both forms 
of support were perceived as frustrating or awkward, YAs 
often acknowledged the paradoxical necessity of others’ 
completion of tasks and immediate social presence.

Instrumental support. When assistance with tasks was 
offered and completed at an optimal level and performed 
by appropriate parties, YAs often perceived the instru-
mental support to be effective (i.e., not threatening to 
their identity or relationship). Perhaps most apparent was 
YAs’ appreciation of their close SNMs’ assistance in nav-
igating the health care system (e.g., accompanying the 
survivor at appointments and treatments, taking notes, 
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completing paperwork, asking the providers questions, 
resolving insurance frustrations) and in finding ways to 
cope with treatment side effects. A breast cancer survi-
vor’s husband researched ways to help her keep her hair 
and fingernails as intact as possible. A testicular cancer 
survivor turned to his older brother after a nurse sug-
gested he purchase marijuana as an alternative to intense 
antiemetic medications. Other emergent forms of effec-
tive instrumental support included completing unpleasant 
tasks related to managing the survivor’s daily medical 
care. An AML survivor appreciated his wife’s ritualistic 
performance of tasks that might have been uncomfortable 
for other YAs (e.g., bathing, cleaning chemotherapy 
ports), because he felt their completion gave the couple a 
chance to bond and achieve a state of consistency. YAs 
also appreciated when supporters provided rides to treat-
ment, financial assistance, food or clothing, logistical 
assistance (e.g., dropping the survivor’s college courses, 
contacting instructors), and child or pet or house care. An 
acute lymphoblastic leukemia (ALL) survivor considered 
the instrumental tasks provided to him by his girlfriend as 
“essential,” because he knew other YA survivors who 
lacked similar types of support: “I’ve talked to people 
whose girlfriend or boyfriend left them right when they 
got sick.”

Despite appreciating most instrumental forms of sup-
port, YAs often reported that these tasks were appropriate 
only until the assistance crossed over into a perception of 
“over-helping.” Typically these less effective forms  
of instrumental support involved an overbearing sense of 
hovering and babying, or monitoring YAs to an infantiliz-
ing degree that infringed on the independence the YAs 
were normatively pursuing before their diagnosis. An 
AML survivor said that the experience of living with a 
supporter who began offering too much task-related sup-
port during treatment felt like reverting back to child-
hood, and it violated the reciprocal nature of their 
relationship: “My dad slept in my room every night just 
in case. . . . There were times where I was like, ‘Am I 6 
years old or 25?’” YAs also became frustrated when 
SNMs’ attempts to monitor their health impinged on their 
decision-making autonomy, which could be attributed to 
SNMs’ struggles to accept that YAs are often mature 
enough to make their own health decisions.

Hovering and babying also occurred with coworkers 
and friends who were overly cautious of YAs’ physical 
and mental exertion after returning to their work and 
social lives. An APL survivor received offers of assis-
tance brought about by her thin frame, lack of hair, and 
medical mask:

People look at you and they’re like, “Oh, can I get that for 
you?” I appreciate people wanting to help, but I think some 
people just take it overboard and they feel so sorry for you. 

At that time in your life, because everything else around you 
is different and kinda sucks, you just want some normalcy in 
your life.

An ALL survivor’s friends constantly asked if he was 
feeling okay after he returned to normal pickup basket-
ball meet-ups, which often invalidated his attempts to 
reacclimate: “I think that’s the stigma with cancer survi-
vors, just thinking we’re half dead already. It’s like, ‘Nah, 
dude, I’m good.’” In these cases, SNMs’ attempts to ful-
fill tasks were met with resistance by YAs when they 
were perceived as “going overboard” because survivors 
found them invalidating toward their attempts to maintain 
a normative sense of agency.

YAs sometimes looked back on their experience and 
realized that while the receipt of overbearing instrumen-
tal support was frustrating or awkward at times, it was 
necessary for them to function. A testicular cancer survi-
vor who especially struggled to maintain autonomy dur-
ing treatment acknowledged that his girlfriend’s tendency 
to hover was necessary. Sometimes this support paradox 
occurred as YAs became frustrated about losing their 
independence after necessarily moving back in with and 
receiving financial assistance from parents. Yet YAs, like 
this testicular cancer survivor, often acknowledged that 
they could not have gotten through treatment without the 
help of close SNMs:

I was on my mom’s insurance and she was paying for a lot, 
so that takes your independence completely away there. I 
lived with her, so she was the only one around constantly. 
Then a lot of times I wouldn’t make it to the bathroom in 
time to puke and I’d get it on the floor and she’d end up 
cleaning it up like I was her little kid again. If I wanted to go 
somewhere, she had to take me. Anything that I needed 
done, she pretty much had to do. And it was awkward.

While YAs often appreciated the receipt of instrumental 
support, it sometimes became overbearing when supporters 
began to hover or baby them (i.e., threaten their identity or 
relational goals). Despite their frustration, survivors often 
retrospectively acknowledged that receiving aggravating or 
uncomfortable instrumental support was necessary. Similar 
patterns also occurred with relational support.

Relational support. YAs appreciated when SNMs spent 
quality time with them, particularly when their “hanging 
out” and comfort with simply “being there” provided nor-
malcy and a respite from their physical discomfort and 
isolation. A testicular cancer survivor’s friend booked a 
flight to sit with him during a 5-day chemotherapy ses-
sion: “I warned him, ‘It’s really boring. I just sit here and 
watch TV all day.’ And he said, ‘Nah, man. I’ll just stay 
here.’” Eva appreciated her boyfriend and sister lying in 
her hospital bed with her: “You don’t realize when you’re 
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in the hospital how little physical contact you have. The 
only time you’re being touched is by nurses pushing a 
needle in you.” Many supporters were also effective 
when they played games and watched movies with the 
YA, which helped them feel less pressured to talk about 
their cancer.

While YAs often wanted someone to be around, rela-
tional support sometimes got to the point of becoming 
suffocating and smothering. An AML survivor said that 
she liked having her dad and sister in her hospital room, 
but she also felt like she needed to entertain extended 
family members when they came to visit: “Everyone 
wanted to be part of it or have some amount of control  
. . . there came a point where there were too many bodies, 
and it’s the last thing I wanted when I wasn’t feeling 
well.” While some YAs felt smothered by having too 
many people around them too often, others were suffo-
cated by one person’s constant presence, like a Hodgkin’s 
lymphoma survivor’s mother:

My mom will be like, “Do you wanna cuddle? Do you 
wanna lay in bed together? What do you wanna do?” I’m 
like, “Mom, sometimes I just wanna be left alone.” . . . She’ll 
kiss me and touch my hair, and I’m like, “Don’t touch me 
today.” And I feel bad bein’ like that. I just don’t wanna be 
touched sometimes.

Despite their occasional feelings of suffocation, YAs 
often missed SNMs’ relational support if it was not being 
provided. YAs’ time spent with others was often in flux 
because their established support networks were geo-
graphically scattered. While an AML survivor was some-
times frustrated by his family’s constant presence during 
treatment in Texas, he struggled when they moved back 
to the Midwest: “That was when the boredom really 
started to hit, because everybody had left the house. I had 
had several people around me all the time for months.”

In summary, when survivors perceived that instrumen-
tal tasks and relational time spent were at an optimal 
amount (i.e., did not violate independence) from people 
with whom they shared a positive relationship, they per-
ceived the support to be effective. However, when survi-
vors found their supporters to be babying (i.e., hovering) 
or smothering them (i.e., constantly around), the task and 
relational support was considered to be burdensome and 
threatening to their identity and relational goals. Yet YAs 
paradoxically acknowledged the necessity of excessive 
instrumental support, and they often missed the relational 
time when it was gone.

Acknowledging strength and wisdom. Another form of sup-
port that was perceived by YAs to be both affirming and 
invalidating were compliments about the strength and 
wisdom displayed or presumptively developed by the 

survivor during and following their cancer experience. A 
breast cancer survivor appreciated her friends’ acknowl-
edgements of her strength like, “You handled that with a 
lot of grace” and “[She] can do anything,” which com-
municated that “people have some respect” for what she 
went through. Another survivor also interpreted similar 
messages to be affirming following her breast cancer 
diagnosis: “Random people from high school sent me 
messages saying that watching my trial, my journey on 
Facebook, that I’m the strongest woman they’ve ever 
met. And I’ve never been told so many times that I’m an 
inspiration to people.”

Many YAs, however, stated that they found similar 
comments to be naïve, overblown, invalidating, and used 
to selfishly place the survivor on an unwanted pedestal. 
An AML survivor said that compliments about her 
strength were merely others’ romantic projections and 
that enduring treatment was “not really a choice” but 
“what I have to do.” An ALL survivor believed that com-
ments about his strength and resilience meant that people 
were using his suffering to canonize him and derive inspi-
ration for themselves. A testicular cancer survivor also 
struggled to accept several currently ubiquitous and well-
intended cancer-related labels because he felt the people 
who used them did not truly understand what he was still 
enduring, even in survivorship:

You can’t look at me now and know I had cancer unless I 
showed you my scar. So it’s easier for people to say, “Wow, 
you’re a survivor. You battled cancer. You’ve won your fight 
with cancer. You must have such willpower and courage and 
everything.” But “You weren’t there when I was sleeping 16 
hours a day, puking all the time, and would occasionally lash 
out at people because I was so angry. You don’t really know. 
It wasn’t a battle. I feel like I barely made it through.”

YAs also found assumptions that they gained wisdom 
and clarity during their experience to be frustrating, par-
ticularly because survivors’ newly disrupted biography 
often ensured that their future was now more uncertain 
than ever. An AML survivor said that her SNMs looked to 
her for answers about their own lives, as if her cancer 
experience turned her into a spiritual guru: “One of my 
friends said, ‘Well, what have you learned?’ I’m like, ‘Do 
I have to learn something? Do I have to give you wisdom 
now?’” While some YAs felt that comments about their 
strength and sacacity were respectful and encouraging, 
others thought that they glossed over the survivor’s expe-
rience for their own benefit rather than trying to truly 
understand what they went through.

In summary, YAs described the normative characteris-
tics of the support they received across the cancer trajec-
tory through narrative accounts of their illness experience. 
Consistent with Zebrack et al. (2010), effective forms of 
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support aligned with YAs’ perceptions of their normality 
and capability; they consistently valued others’ attempts 
to help them feel they were the same person as before 
their diagnosis (e.g., by engaging in conversational topics 
and activities similar to those prior to the cancer experi-
ence) and reduce the perceived abnormality of the physi-
cal (e.g., hair and weight loss) and functional (e.g., 
reproductive issues) alterations caused by treatment. Yet 
the relative ubiquity of ineffective support attempts (i.e., 
pity, negative stories, insensitive remarks, excessive self-
monitoring, insincerity) reported by YAs suggests that 
consistent and helpful cognitive scripts necessary to pro-
vide effective support to YAs with cancer are not com-
monly possessed by SNMs. Several additional forms 
(i.e., instrumental and relational support, acknowledging 
the YA’s strength and wisdom) were normatively inter-
preted as both effective and ineffective across YAs, and 
the intensity of the support and the relationship estab-
lished between the YA and their intended supporter likely 
determined their valence.

Discussion

Examining how YAs talked about their disrupted biogra-
phy following a cancer diagnosis provided new and spe-
cific illustrations of unique problems this population 
faces in managing relationships and engaging in support-
ive communication with SNMs. Below, we discuss the 
theoretical and practical implications of our findings.

Theoretical Implications

Through the identification of the normative support forms 
that emerged in YAs’ narratives of their cancer experi-
ence, our work extends interpersonal communication 
theory into a previously unexplored, unique, age-defined 
context. Due to the redefinition of social relationships 
precipitated by cancer’s biographical disruption, YAs and 
their SNMs sometimes struggle to engage in supportive 
communication, which serves as a barrier to YAs’ pro-
cesses of biographical reconstruction across the cancer 
trajectory (Corbin & Strauss, 1987).

Consistent with a normative approach to social sup-
port, YAs in this study based their evaluations of support 
attempts on what intended supporters said, how they said 
it, and the meanings the receivers attributed to the mes-
sage (Goldsmith, 2004; Zebrack et al., 2010). In other 
words, YAs’ evaluations depended on how the support 
messages defined their cancer experience (e.g., as an 
excuse for pity and sympathy, a death sentence, less 
important than the supporters’ own interests, a barrier to 
normalcy), affirmed or challenged their identity (e.g., as 
being stronger, less capable because of their cancer), and 
portrayed the nature of their relationship with the 

supporter (e.g., previous level of closeness, power 
dynamics shifting to cause YA to lose independence, time 
spent together). Thus, normative support perceived by 
YAs as commonly effective and commonly ineffective 
appeared to be salient to this group in ways that might not 
relate to older and younger cancer populations for several 
reasons.

First, YAs often perceived SNMs who offered them 
the support messages that defined their cancer experience 
to generally not possess the competence, knowledge, or 
attentiveness necessary to deal with the specific circum-
stances of their illness. Because cancer is rare in the YA 
context, SNMs did not appear to possess a consistent and 
effective cognitive framework for responding to their 
loved one’s diagnosis. For example, following the YA’s 
diagnosis, older adults (even those who have had previ-
ous cancer support experiences) were commonly stunned 
and devastated. They often felt that the YA was too young 
to be diagnosed and had too much of their life left to live. 
In addition, YAs’ friends typically did not have experi-
ence providing cancer support to other YAs. As a result, 
YAs with cancer often reported a sense of isolation 
because others could not or did not attempt to understand 
their experience. They often felt that others responded to 
them with pity, self-absorption, insincere pandering, and 
aloofness, rather than the uniquely effective forms of sup-
port that helped them feel “normal.” Our findings are 
consistent with previous research that demonstrates how 
many YAs struggle to engage in productive communica-
tion with family members (Kent et al., 2012) and perceive 
ineffective or no social support from established friend 
networks (Zebrack & Isaacson, 2012).

Second, because so many SNMs did not know how to 
effectively react to their cancer experience, YAs often felt 
particularly relieved when others at least attempted to 
relate to them or reaffirmed their identity in ways that 
communicated normalcy. The pursuit of “normal” is 
uniquely compelling to YAs compared with pediatric or 
older adult populations. Many YAs were already strug-
gling to solidify their identity and relationships before 
diagnosis in ways that are not consistent with pediatric 
and older populations’ cancer experiences (Zebrack & 
Isaacson, 2012), which compounded YAs’ normative 
identity and relational support struggles across the trajec-
tory (Zebrack, 2000). As a result, providing support in 
ways that reaffirmed the YA’s identity as capable and valu-
able and communicating that their relationship with the 
SNM was unchanged and still appreciated was uniquely 
important to members of this age group. Previous research 
also indicated that YAs appreciate receiving positive 
attention (i.e., others’ ability to simply be present, use 
humor, listen, show personal interest in them, push them 
to engage in social activities) that encourages them to 
maintain a sense of normalcy (Zebrack et al., 2010).
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Third, normative support perceived by this group as 
both effective and ineffective was relevant to YAs for 
several reasons. The precarious line between providing 
effective instrumental support and hovering or babying 
(also seen in Kent et al., 2012), and providing effective 
relational support and smothering was likely a product of 
YAs’ normative need to achieve and maintain indepen-
dence at that life stage. Whereas YAs needed assistance 
and informal social interaction following their diagnosis, 
they also needed to maintain agency and individuality 
and to have physical and emotional space to themselves. 
Valued identities and relationships are particularly vul-
nerable, salient, uncertain, and in flux for members of this 
population, who are at a developmental stage in which 
peer-group approval and self-image are challenged by the 
cancer experience (Bleyer, 2007). In addition, others’ 
attempts to bolster YAs by saying that they were strong, 
brave, and wise because of their experience was some-
times perceived as invalidating on an identity and rela-
tional level. Some YAs felt that such compliments were 
attempts by the supporter to fulfill their own expectations 
and to relieve their own anxiety or curiosity about the 
cancer experience and that the reality of their actual cir-
cumstances were being obscured. With cancer survivors 
living longer than ever, YAs have much more of a future 
life for which to plan than older adults with cancer. 
Because the remainder of a YA survivor’s life often seems 
so open-ended and uncertain, others’ expectations for a 
sense of strength and clarity in their lives can seem pre-
posterous to them.

Finally, our study is consistent with the limited 
empirical research that examines how the receipt of nor-
mative forms of social support across the YA cancer tra-
jectory was predicated by the strain of biographical 
disruption and was a function of YAs’ struggles to man-
age their preexisting social relationships (Donovan-
Kicken et al., 2012). Receiving ineffective social 
support appeared to compound the biographical disrup-
tion of the experience itself, and it further altered rela-
tionships with supporters. These findings might provide 
additional insight into previous claims that receiving 
ineffective support forms can affect how YAs experi-
ence illness and view themselves and their current and 
future relationships (Zebrack et al., 2010).

Yet, although YAs indicated that effective support 
meant that they were treated “normally,” they also still 
felt different and believed that others could not truly 
understand what they were going through. Therefore, 
future normative research should examine the role that 
other YA survivors play in this population’s desire to be 
treated normally despite feeling different. In addition, 
identity changes that occur as a result of biographical dis-
ruption also occur in relational contexts. Future research 
should examine the specific social experiences of both 

YA survivors and their close SNMs from a dyadic per-
spective to identify the unique support dilemmas and 
paradoxes, interpretive lenses, and environmental 
resources that occur between them (Goldsmith et al., 
2012). Previous research indicating that cancer treatment 
forces YAs to heavily depend on their partner as a pri-
mary supporter in ways that are unexpected and disrup-
tive for both partners at their age leads us to believe this 
would be a significant area of investigation (Zebrack & 
Isaacson, 2012). Finally, while normative researchers 
must continue to examine how YAs experience altered 
social relationships with SNMs following a diagnosis, 
little research exists on how SNMs use normative com-
munication to manage their new and unexpected role in 
supporting the survivor, negotiate their role or “domain” 
with others in the survivor’s support network, and moni-
tor support for both themselves and the survivor.

Practical Implications

Because our investigation was grounded in interpersonal 
communication theory, our findings can also be used to 
inform the development and evaluation of future age-
specific communication interventions, educational pro-
grams, and online informational resources that can more 
effectively assist YAs in navigating their altered relation-
ships with SNMs, facilitate higher quality of life, and ulti-
mately improve health outcomes (AYAOPRG, 2006; 
Donovan-Kicken et al., 2012). Without the receipt of 
effective social support, YAs feel higher levels of alien-
ation, uncertainty, anxiety, and burden in relation to their 
new cancer-related social roles, and they often feel unin-
formed and unable to make crucial health decisions 
(Zebrack et al., 2010). These poor psychosocial outcomes 
could have additional negative consequences related to 
this population’s lack of improvement in mortality rates, 
perhaps because YAs are less likely to manage their treat-
ment and engage in future surveillance if they feel less 
connected to their providers and to other supporters (Kent 
et al., 2012).

Our findings should be used practically to assist YAs’ 
friends, family members, romantic partners, and peers in 
becoming more sensitive to this population’s support 
preferences and to consider alternative patterns and inter-
pretations of support. Because cancer diagnoses are rare 
and often unexpected among YAs, SNMs are frequently 
unaware that YAs have unique support preferences across 
the cancer trajectory, and they are often unsure how to 
effectively support them. SNMs who are YAs themselves 
might also lack the skills and experience necessary to 
support similar-aged loved ones. The comparatively high 
number of emergent support types perceived as ineffec-
tive by YAs indicates that SNMs were often uncertain 
about how to provide support. In addition, the emergent 
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support types that were perceived as both effective and 
ineffective within this sample might reflect the variability 
of YAs’ support preferences across individual cancer 
experiences. Clearly, one type of support does not help all 
YAs equally.

By gaining insight into the unique forms of normative 
support that were detected by YAs, participants’ accounts 
can be used to provide SNMs of all types with better 
information about how to recognize and avoid offering 
unwanted forms of support that could complicate YAs’ 
attempts to adjust to their illness. One potentially effec-
tive route for practical intervention in this context could 
be the dissemination of a popular press book aimed at 
YAs and their close SNMs. Not only could such a book 
provide narrative accounts from other YAs that can serve 
a normalizing function for those living with cancer, but 
close SNMs could also be given practical information 
about how to effectively provide support to YAs without 
treating their loved one differently. For example, some 
supporters could be encouraged to continue acting the 
same way around their loved one following their diagno-
sis to promote normalcy (e.g., continue inviting them out 
on weekend nights). A book could also focus on assisting 
SNMs with the social experience of necessarily having to 
provide a YA with instrumental support in a way that is 
not overly burdensome or threatening to their normative 
desire for autonomy.

Our findings could be further used to encourage YAs 
to feel empowered to voice their support preferences to 
SNMs. Many survivors in our sample felt the need to 
make others comfortable with their cancer so that they 
could potentially receive more effective support from 
them in the future, which might have further inhibited 
their attempts at biographical reconstruction. Helping 
individuals participate more effectively in difficult con-
versations empowers them to take advantage of the assis-
tance available to them through close relationships 
(Donovan-Kicken et al., 2012). Conversely, when patients 
simply acknowledge that certain types of support are 
unappreciated in an attempt to reframe their supporters’ 
intentions, they might successfully relieve some of the 
burden associated with receiving ineffective support 
(Scott et al., 2011). Future research should focus on 
developing and evaluating age-appropriate interventions 
to improve support in YA cancer contexts.

Limitations

Despite our best efforts to recruit a representative sample, 
several limitations could be a result of the relatively 
sparse and geographically dispersed YA cancer survivor 
population. First, we did not restrict our sample to one 
specific form of cancer (e.g., breast, AML, thyroid), 
which might have limited our insight into how the YA 

experience differs between those with specific forms of 
cancer and how these factors influenced other communi-
cation contexts beyond social support. Second, recruiting 
more than two survivors who were initially diagnosed 
between the ages of 32 and 39 could have provided richer 
perspective into the biographical disruption and support 
experience of those at the older end of the 18 to 39 age 
range. Finally, we recruited 12 YA survivors (40% of the 
sample) through online or face-to-face YA cancer support 
services. Because these participants have previously been 
involved in YA support services that target same-age can-
cer survivors, they could account for less social isolation, 
a greater awareness of the common unique support needs 
in this population, and a stronger social identity as a YA 
cancer survivor than those who do not participate in simi-
lar programs and services (Kent et al., 2012).

Conclusion

Our research helps to extend interpersonal health commu-
nication and social support research into a new age-defined 
context. Practically, our findings indicate a broader need 
for, and can be used in, the development of theory-based, 
age-appropriate communication interventions, educational 
programs, support and social integration programs, and 
targeted informational materials (e.g., disseminated in 
infusion units or through psychosocial services) that apply 
current evidence derived from the unique social experi-
ences of YA survivors. Future researchers might also con-
sider how these findings can help ease important supportive 
communication and everyday interactions with SNMs in 
ways that provide more effective medical and personal 
decision making and social uncertainty management 
(Donovan-Kicken et al., 2012). Future services could also 
be provided that not only help YAs transition from the iso-
lation of treatment to the social integration necessary in 
survivorship, but that also remind SNMs that the cancer 
experience does not end upon the completion of primary 
treatment (AYAOPRG, 2006). Communication scholars 
are well positioned to conceptualize, measure, and apply 
social support in YA cancer research. We hope these 
researchers will expand interpersonal health communica-
tion theory and substantively improve the challenging 
experience of cancer in young adulthood.
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Abstract
The first decade of adolescent and young adult (AYA) oncology psychosocial care and research

(2005–2015) was driven by a normative, developmental framework that assumed a generaliz-

able life experience for AYAs that is distinct from both younger children and older adults. As we

proceed through a second decade, new considerations emerge regarding diversity of life experi-

ences as occurring within and influenced by a complex global context. The purpose of this paper

is to review and provide commentary on the impact of global and contextual conditions on AYAs.

We expound upon the effects of precarious labor conditions, changing timetables and priorities

for developmental tasks, sexual and gender plurality, and expanding cultural diversity.We discuss

the implications of social genomics and technology and social media for enhancing precision psy-

chosocial medicine. To build a forward-looking approach, this paper calls for tailored, multilevel

treatments that consider variability of AYAs within the social and global contexts in which they

live.

K EYWORDS

adolescent, AYA, cancer, global context, psychosocial needs, young adult

1 INTRODUCTION

Bleyer’s seminal report on adolescents and young adults with cancer,1

the United States’ National Cancer Institute’s subsequent establish-

ment of an Adolescent and Young Adult (AYA) Oncology Progress

Review Group,2 the advancement of practice guidelines and policy

statements for AYAs globally,3–5 and an emergent body of empirical

literature all distinguish an age-defined population of cancer patients

age 15–39 from both older and younger patient populations. These

activities have broughtwarranted attention to a vulnerable and under-

served population.

Encountering cancer during a developmentally precarious time

can complicate the experiences typical to this life phase: devel-

oping independence—both emotional and financial; cultivating self-

confidence, self-sufficiency, and sense of identity; pursuing education,

vocation, or career; experiencing social and romantic intimacy; and

Abbreviation: AYA, adolescent and young adult.

making sexual and reproductive choices appropriate to young adult-

hood. Reconciling disappointment in the thwarted vision for one’s

future and confronting mortality at such a young age can be particu-

larly devastating to AYAs. Patients in this age group therefore differ

from younger children and older adults diagnosed with cancer, espe-

cially in terms of psychosocial needs. This remains true throughout a

continuum of care that initiates with diagnosis and persists through

phases of active treatment and transitions to post-treatment survivor-

ship or, in many cases, the end of life.6

Literature in the first decade of AYA research primarily reflects

the distinct developmental challenges of AYA patients. Between 2005

and 2015, AYA psychosocial needs were examined with conventional

and chronological developmental frameworks (e.g., Erikson’s stage

theory7 and Arnett’s emerging adulthood theory8). In looking toward

the future of AYA oncology, however, formulating an accurate rep-

resentation of AYA psychosocial needs requires an understanding of

the current social and global environment in which young people are

maturing today. The purpose of this article is to examine knowledge

and evidence of the effects of a changing global context on AYA

Pediatr Blood Cancer. 2019;66:e27789. c© 2019Wiley Periodicals, Inc. 1 of 7wileyonlinelibrary.com/journal/pbc
https://doi.org/10.1002/pbc.27789
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TABLE 1 Key points

○ AYA oncology patients are a distinct age-defined population (15–39
years). There aremultiple and varied biological, psychological, and
social factors besides age that make this patient population distinct.

○ This paper identifies (6) domains that characterize this group:

1. Precarious labor conditions affecting AYA financial andwork
lives

2. Changing timetables and priorities for developmental tasks

3. Sexual and gender plurality

4. Expanding cultural diversity of AYA

5. Social genomics

6. Technology and social media
○ This article calls for oncology care providers to take a forward-looki-

ng approach regarding these domains.We suggest focusing practice
modifications on (3) areas:

1. Multilevel interventions and collaborative care approaches

2. Precision psychosocial medicine

3. Technology and information

efficacy to manage cancer and its treatment while also confronting

the daily challenges associatedwith psychological maturation, growth,

and development (see Table 1 for key points).

2 UNDERSTANDING THE AYA EXPERIENCE

IN A GLOBAL CONTEXT

In this article, we elaborate upon Hammond’s framework for under-

standing the AYA experience within a global context and draw upon

empirical literature that accounts for social and contextual conditions

of AYA cancer.9 This framework considers (1) precarious labor condi-

tions affecting AYA financial and work lives; (2) changing timetables

and priorities for developmental tasks; (3) sexual and gender plurality,

and (4) expanding cultural diversity ofAYA.9Weextend this framework

to incorporate two additional aspects of relevance for understanding

AYA psychosocial issues: (5) social genomics; and (6) technology and

social media (see Table 2).

2.1 Precarious labor conditions affecting AYA

financial andwork lives

Young people in today’s global economy face labor markets that

offer decreasing job security and increasing financial vulnerability.9

The coupling of higher costs of living, lower minimum wage (adjusted

for inflation), and the changing nature of career-building and employ-

ment opportunities have risks for financial distress among all young

people over the past 30 years,9 let alone those confronting physical or

mental health issues or disabilities that further limit their employment

opportunities.

A cancer diagnosis comes with significant costs that fall outside

the purview of covered medical care. Even if AYAs have access to

public, private, or employment-based health insurance, the out-of-

pocket expenses of cancer quickly become exorbitant: for example,

lost income frommissed work, delayed progress toward academic and

professional degrees, transportation expenses to and from treatment

centers.10,11 While cancer patients of all ages frequently incur debt

during treatment and survivorship,12 these financial setbacks are dif-

ferentially experienced by AYAs. Not only does cancer hoist an immi-

nent daunting financial burden onto AYAs early in life, it also stifles

the development of financial autonomy for the future. AYAs undergo-

ing cancer treatment may become more dependent on their family as

payers for their care at a time in life when they are trying to estab-

lish independence. This contradiction can have adverse psychosocial

impacts on educational, vocational, and employment success as well as

on self-esteem, self-confidence, and sense of independence.11,13,14

On the basis of nationally representative data, Guy et al15 estimate

that survivors incur an excess annual medical expenditure of $3170

per person and an excess annual productivity loss of $2250 per per-

son. This dynamic disproportionately affects AYAs from lower socioe-

conomic backgrounds, who, as a result, may be less likely to sustain the

continuity of ongoing care and consequently experience higher rates

of morbidity, mortality, and worse quality of life.10,12 Equipping AYAs

to overcome potential risks to economic uncertainty, therefore, must

be considered integral to AYA care. Oncology social workers often play

an essential role inmitigating this financial burden by linkingAYAswith

resources that include but are not limited to assisting AYAs to qual-

ify for loans, employer-funded or state-based disability programs, local

sources for financial and vocational counseling, job training programs,

or pharmaceutical companies’ compassionate use programs to offset

or discount excessive costs of chemotherapeutics.

2.2 Changing timetables and priorities

for developmental tasks

Any upper and lower age parameters defined for AYAs assume a homo-

geneity of experience with regard to theoretically derived stages of

human development. Theories of human development suggest that

phases of adolescence and young adulthood are distinct and replete

with key developmental milestones, including developing an identity

of self, constructing a personal set of standards and values, estab-

lishing a positive body image, becoming independent from parents,

gaining autonomy, establishing interpersonal and romantic relation-

ships, attaining intimacy, achieving a sexual identity, and making deci-

sions about studies, a profession, or starting a family.16 Reaching these

benchmarks is often considered a sign of health and success, whereas

falling short of these milestones is regarded as regression or delay in

normative development.17

A narrative that emphasizes setbacks in this prescribed timeline

may not reflect the true changing nature of current AYA psychologi-

cal and social development, or the diversity of developmental trajecto-

ries across population subgroups definedby race/ethnicity, sex/gender,

sexual orientation, local cultural context, or religion.

In today’s global context, there are indications that young people

are choosing to depart from traditional milestones. They are elect-

ing to live with their parents longer, waiting longer for (or never pur-

suing) marriage and children, and working multiple (contingent or
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TABLE 2 AYA global contexts, examples, and suggested interventionsa

(1) (2) (3) (4) (5) (6)

Context Precarious labor
conditions
affecting AYA
financial and
work lives

Changing
timetables and
priorities for
developmental
tasks

Sexual and gender
plurality

Expanding
cultural
diversity of AYA

Social genomics Technology and
social media

Examples AYAs are
particularly
vulnerable to
confronting
financial
hardship during
and after
treatment.

The demands of
confronting
cancer during
adolescence
can often
reroute
“typical”
developmental
milestones.

AYAs undergo
cancer
concurrently
with sexual and
gender identity
formation.

AYA is heralded as
distinct
because of its
age range, yet
cultural
diversity within
that group is
often
disregarded.

AYA period is
particularly
dynamic
biologically and
psychosocially.

Technology and
social media are
integrated
activities into
lifestyles of
AYAs.Many use
these tools to
seek and share
cancer-related
information.

Suggested
interventions

Care teammust
connect AYAs
to local
financial
resources as an
integral
function of the
treatment plan.

AYAs in the
general
population are
redefining the
typical
developmental
trajectory. Care
team can
encourage
patients to
frame their
cancer as part
of this new
move toward
individualized
developmental
trajectories.

Care teammust
work to foster
relationships
between AYAs
and care team
members in
which they can
express and
garner
information
about issues at
the nexus of
cancer and
sexuality.

Care teammust
attend
thoroughly to
language,
religious values,
and diverse
racial identities
among AYAs.

Social genomics
research on
AYA cancer is
needed to
inform
treatment rec-
ommendations
and formulate
new
approaches to
promote
resilience.

Care team should
provide digital
resources to
educate
patients about
their cancer as
well as provide
spaces to
express
themselves and
connect with
peers.a

aAdapted fromHammond.9

part-time) jobs related to their different interests.9 While cancer often

heightens AYA attachment to their parents for emotional support

and assistance with medical decision-making, framing this behavior as

deviant or regressive is not helpful or accurate. Developmental tra-

jectories in the general adolescent population are changing due to

evolving social conditions that characterize this phase. As a result,

it is advantageous for the care team to move away from the goal

of achieving an assumed linear developmental trajectory and instead

establish goals for AYA patients that reflect their own personal values

and preferences. This shift in expectations can be cultivated through

interpersonal conversations about building goals that are unique to

each AYA.

2.3 Sexual and gender plurality

Sex, sexuality, gender identity, and fertility are separate and distinct

topics that are often confounded in regard to AYAs. Among these,

clinical attention to fertility is emphasized, and rightfully so given evi-

dence of unmet oncofertility needs reported by AYAs.18,19 However,

addressing and distinguishing AYA needs with regard to sexual func-

tion, behavior, sexual orientation, and gender identification are less

well understood. AYAs today live in a culture where sexual practices

and gender identities are expressive and fluid, where goals for rela-

tionships and children cannot be assumed based upon conventional

definitions of what constitutes “family.”

An emphasis on recovery of the physical body fromcancer can often

eclipse other psychological developmental concerns of relevance for

the adolescent, including the resolution of tensions, contradictions,

and complexities of puberty.20 Complications with the development

of gender identity and healthy sexuality have lifelong ramifications

such as relationship difficulties. The care team must attend to the

sex- and gender-related needs of this group. While there is scant

literature that emphasizes best practices for supporting sexual/gender

identity development and AYAs, there is a growing literature on both

fertility preservation and lesbian, gay, bisexual, transgender and queer

(LGBTQ) patient care.21 Assuring that at least one member of the care

team is apprised of this literature is critical. The care teammust foster

relationships with AYAs in which they can express and garner relevant

and appropriate information about issues at the nexus of cancer and

sexuality.

2.4 Expanding cultural diversity of AYA

AYA patient population is bound and defined by age, yet the demo-

graphic characteristicswithin this group are often disregarded, leading

to clinical care and programs that privilege some and exclude others

in that the programmatic structure or content is not aligned with

patient and family values, preferences, or culturally imbued beliefs.

Defining the AYA population solely in terms of age and phases of

human development and not accounting for the cultural diversity
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within the population can perpetuate implicit biases that infuse and

inform clinical and programmatic approaches to care.

Addressing cultural diversity and providing equitable care requires

that the care team takes the time to understand how andwhy patients

and families act and respond the way they do. Bahrami et al22 pro-

vide the example of Iranian families who resist talking openly with

loved ones about disease and prognosis, and the challenges that the

care team faces in workingwith parents whowithhold crucial informa-

tion from their childrendue to culturally derivedbeliefs. Conversations

with AYAs around their life goals and personal beliefs can help to over-

come the anxiety, tension, or distrust that AYAs often bring to their

encounters with oncology care providers. A holistic understanding of

patients’ and families’ choices and behaviors strengthens the thera-

peutic relationship, builds trust, and enables patients and providers to

work together to establish clinical care goals that address their mutual

concerns.

2.5 Social genomics

Research in adult oncology has begun to examine how cancer patients’

experiences of their lives and disease affect the biology of cancer, and

how the biological impacts of cancer and its treatment reciprocally

impact patient experience, well-being, and survivorship. Some of this

research has emerged in the context of “social genomics” studies,

which analyze the pathways by which psychological, social, cultural,

economic, and other life circumstances influence the expression

of human genes throughout the body, and in particular in cancer

cells.23,24 For example, clinical studies of breast, ovarian, and prostate

cancer patients suggest that those who feel socially isolated and

lack social support show accelerated disease progression relative

to those who feel more socially enmeshed and supported.25–27

Analyses of tumor tissues from such patients have found increased

expression of a wide array of genes involved in inflammation, blood

vessel growth, and metastasis, as well as reduced expression of

genes involved in antitumor immune responses.23,24,28 Laboratory

studies have documented similar results in animal models of solid

tumors and leukemia and have identified increased activity of fight-

or-flight signaling molecules as key biological mediators of these

effects.23,24,28 Similar studies of circulating white blood cells have

also documented systematic increases in expression of inflammatory

genes and decreases in expression of antiviral (type I interferon) genes

in people confronting a diverse array of adverse life circumstances

including poverty, post-traumatic stress, chronic loneliness, low social

status, and immanent bereavement.29,30 Additional research has

shown that activation of inflammatory genes in somatic tissues can

signal back to the brain to stimulate negative emotional states, reduce

social motivation, and impair problem-solving skills.31,32 Together,

these lines of research indicate a bidirectional feedback loop between

psychosocial conditions and molecular processes involved in cancer

progression and treatment. More broadly, this research provides a

molecular framework for mapping the biological pathways through

which the social determinants of health at the macrolevel ultimately

impact disease pathogenesis at themicrolevel.23,24

A small body of research has also begun to examine the effects

of positive psychological and social resources in buffering genomic

responses to adversity. For example, personal psychological resilience

was found to reduce the association between trauma exposure and

gene-expression alterations in former Nepali child soldiers.33 Stud-

ies have also found more favorable leukocyte gene-expression pro-

files (reduced inflammatory signaling and increased interferon-related

gene expression) in leukocytes from people with a strong sense of pur-

pose in life34–36 and prosocial engagement.37

Little is known about the social genomics of AYA cancer. Given

the dynamic and diverse developmental processes taking place during

this period and their long-term implications for adult well-being tra-

jectories, as well as the extended periods of survivorship that many

AYA cancer patients will experience, there is a great need to examine

these reciprocal biopsychosocial relationships. Emerging research on

the biological correlates of psychological resilience also has clear rel-

evance for cancer patients as they cope with the psychosocial impact

of a life-threatening disease. The clinical and economic impacts of

social genomic relationships have not yet been explored and represent

important topics for future research. Cancer social genomics research

has so far analyzed psychosocial processes solely through the lens

of academically defined constructs and meaning systems; however,

other social genomics studies have begun to use more ethnographic

approaches to define personally or culturally validmeaning spaces that

shape reciprocal interactions between mind and body.33,38 Given the

diversity of cancer patient experiences and AYA developmental tra-

jectories, it will be important to utilize such idiographic and ethno-

graphic research strategies in mapping the embodied experience of

cancer.

2.6 Technology and social media

In today’s highly digitized world, the role of technology and social

media is integral to the everyday activities of the majority of teens

and YAs. Information circulation, interpersonal communication, and

self-expression all fall under the purview of the digital context.

Although this claim may seem obvious, discrete knowledge about AYA

media engagement, with its particular implications for treatment, still

requires in-depth investigation as to its utility and clinical benefit.

There are two general lines of inquiry that define the current state of

research into AYA media use: medical information seeking and peer

connection/community building. The overlap between these two is in

the potential for AYAs to provide reflexive, peer-generated knowl-

edge about their own experiences as an online resource to other

AYAs.

Because most AYAs have internet access, the online space can

appear as a helpful buttress to physician-provided information.

Although knowledge about disease has been correlated with enduring

adherence to medical care and follow-up treatment, the majority

of AYAs using online search engines often find the information

impenetrable and untrustworthy.39 Many AYAs use their phones and

computers to search for unanswered medical questions; the answers

they find are often inaccurate or irrelevant to their case.22 Domínguez
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and Sapiña39 provide insight into the search behaviors of AYAs seeking

online medical information related to their diagnoses and treatments.

Most AYAs seek information about the physical and psychological

consequences of their diseases, as well as drug effects, follow-up care

procedures, and iatrogenic infertility. It may be important for AYAs

to take time in private to read about their condition and its effects,

especially as it relates to uncomfortable topics like sexuality and

fertility.20

Such trends indicate that AYAs routinely seek information beyond

that which themedical team provides and thereforemedical providers

must proactively curate AYA-specific content. AYAs express desire

for accessible, accurate information, especially if their doctors have

an impersonal online presence or social media profile that gener-

ates treatment-related updates and information (through posts and

hashtags).39 Additionally, AYAs express desire for forums to meet

peers, but indicate that forums specific to their conditions are often

difficult to find.17 Perales et al40 offer a catalog of resources for

blogs, forums, and online communities. These sites generate infor-

mational resources and community-building tools but also act as

a potential database for AYA-driven research. Used in moderation,

technology may be an optimal resource already available at many

AYAs’ fingertips.

3 DISCUSSION: TOWARD AN AYA

GLOBAL CONTEXT

Psychosocial care for cancer patients in the clinical setting most

often involves an individualized therapeutic approach following ini-

tial engagement and assessment. Referring patients for psychosocial

interventions when clinically indicated is absolutely necessary as part

of quality care delivery but is often inadequate. In general, multilevel

public health interventions that address patient as well as social and

environmental context have a greater likelihood for success. Given the

global characteristics of AYA needs articulated in this paper, we sug-

gest that care of AYAs may be enhanced through newfound emphasis

on three discrete domains: (1) multilevel interventions and collabora-

tive care approaches; (2) precision psychosocialmedicine; and (3) tech-

nology and information.

3.1 Multilevel interventions and collaborative

care approaches

Multilevel interventions and collaborative care approaches call for

patient-tailored treatment programs that operate simultaneously on

intrapersonal, interpersonal, and community or organizational lev-

els. Otherwise put, a single point of intervention can only function

optimally within a broader network of rehabilitative structures and

practices. In this expansive framework, it is particularly incumbent

upon oncologists to identify and utilize psychosocial and behavioral

resources within their own institution or community. For example,

Pini et al41,42 examine effective strategies for integrating AYA educa-

tional support systems among parents, peers, teachers, and medical

providers. Similarly, Fong et al43 demonstrate that cancer survivors in

the adult population are four times more likely to be employed if they

receive vocational support services such as training and job searching.

Interventions targeting emotional healing must be matched by atten-

tion to practical considerations such as financial constraints, culturally

informed preferences or restrictions, and unique every day activities

of each AYA. This multilevel approach enables the care team to treat

patients aswhole people livingwith cancer in a complex global context.

3.2 Precision psychosocial medicine

The ultimate goal of precision medicine is to get the “right” treatment

to the “right” patient at the “right” time in the “right” dose.We suggest

that a precision psychosocial medicine model similarly accounts for

individual behavior and outcomes in the context of a broad social

environment in order to personalize care and thus offer programs

and services to those AYA patients having the highest probability for

benefiting from those services. A precision psychosocial medicine

framework is applicable for guiding biomedical as well as psychosocial

care for cancer patients of all ages. Understanding host conditions

and context—be they biological, psychologic, or social—is critical for

delivering precision psychosocial medicine. As we have demonstrated

here, there is no one-size-fits-all intervention for AYAs; therefore,

it is incumbent upon clinicians to continuously screen and assess

psychosocial needs over time, particularly at the transition from

treatment to off-treatment survivorship.44 These assessments must

consider a broad variation in experiences that factor into a treat-

ment plan for each patient. Social genomics accounts for social and

environmental context as part of the algorithm for determining and

delivering therapies in cases having the highest known probability for

success. Furthermore, precision psychosocialmedicine as a framework

functions well within a multilevel modality: intervening upon a biopsy-

chosocial feedback loop atmultiple points has the potential to enhance

the effectiveness of treatment in multiple simultaneous domains.

3.3 Technology and information

Given thepervasivenessof socialmedia andonline activity,moving into

the future of AYA care calls for innovative and relevant uses of digital

technologies. AYAs demonstrate a prevalence of online information-

seeking behaviors regarding disease and treatment as well as a pref-

erence for psychosocial support from peers. Such behavior presents

an opportunity for medical providers to channel well-guided treat-

ment information to AYAs. The care team should exploit the tools of

social media for good by curating age-appropriate, culturally sensitive

content that educates, informs, and empowers AYAs about their can-

cer. Some of the topics this content may cover include but are not

limited to fertility options and consequences, identity development

including sexual identity, financial resources during treatment, post-

treatment medical surveillance and care, and other hospital-specific

information such as local events, activities, and opportunities of inter-

est. Furthermore, social media tools not only serve as an informational

channel between the care team and patients but also as a resource for
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peer-generated support, AYAdata collection, andAYA-driven research.

While many online forums already exist for AYAs, the care team must

organize and leverage these platforms for delivering accurate, appro-

priate medical and psychosocial content.

4 CONCLUSION

AsAYA oncology care and research enters a second decade (its adoles-

cence), treatment may be improved by pivoting toward a more expan-

sive inclusivity and its consequent implications for both precision psy-

chosocial support and intervention. Recognizing that the AYA patients’

day-to-day lives outside the hospital are inextricable from their can-

cer care experiences in the hospital, the care team must aim for tai-

lored interventions that account for broad variationswithin and across

a diverse AYA population. The scope of AYA domain contexts is vast.

This article provides a survey of topics relevant to the global context

of AYAs and the future of AYA care. The issues articulated here serve

less as comprehensive analyses of each sociodemographic context and

more as cairns for the future of AYA psychosocial research and clinical

care.
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Abstract
There are many components affecting the experience of sexuality for adolescents and young

adults livingwith and beyond cancer. For patients, the interruption to normal socialization creates

gaps in information and experience that potentially hinder development. In clinical practice, con-

versations relating to sexual consequences of illness or treatment are rare, as are age-appropriate

assessment and intervention. In service design, the collaborative approach of oncofertility has yet

to be replicated for sexuality. This paper considers how these obstacles can be overcome through

local service development to address unmet need and promote sexual well-being for this group of

patients.
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1 INTRODUCTION

The World Health Organization1 defines sexuality as a central

aspect of being human encompassing sex, gender, sexual orientation,

intimacy, and reproduction. Starting in utero, sexuality develops

throughout infancy, childhood, adolescence, and adulthood till death.2

Partnered sexual behavior often begins in early adolescence, and first

sexual intercourse (including same sex encounters) occurring soon

after in middle to late adolescence. At this time, parental attitudes and

style, peer relationships, culture, and media all influence sexual learn-

ing and attitudes.3 Sexual exploration and possibly diversity contin-

ues with maturity4 and today romantic relationships can be casual or

committed5,6 and increasingly conducted largely or solely through dig-

ital media.7,8

In adulthood, forming stable and intimate relationships take prece-

dence, as does learning to manage the communication, physical and

emotional intimacy involved.10 Practical and emotional decisions are

made regarding reproductive health, relationship commitment, mar-

riage, break-up, and parenthood.4–7 However, not everyone chooses

this path, for some celibacy or asexuality is chosen or occurs, but

nonetheless a sexual identity and the need for sexual expression

remains.4

The development of sexuality occurs simultaneously with other

lifespan tasks, also influenced by social and environmental factors.9,10

Abbreviations: AYA, adolescents and young adults; HCP, healthcare professionals; STI,

sexually transmitted infections

Acknowledging increasing global diversity sexuality, and its associated

expression, are likely to be shaped by more than one cultural, political,

legal, moral, ethical and religious code or norm.11

This review aims to identify the sexuality needs of adolescents and

young adults (AYA) with cancer, explore how healthcare profession-

als (HCP) discuss and identify such needs and consider which inter-

ventions are available to address the sexual consequences of can-

cer. While acknowledging the importance of reproductive health, this

paper focuses on associated aspects of sexuality: relationships, sexual

function, and sexual health. Potential developments in AYA oncology

practice to promote a more holistic approach to sexual health care are

also discussed.

2 THE IMPACT OF CANCER ON

ADOLESCENTS’ AND YOUNG ADULTS’

SEXUALITY

2.1 Sexual function

Despite sexuality being integral to psychosocial health and identity

formation, the impact of cancer on AYA's sexual function has been

largely overlooked,12–14 with the aim to cure, treatment and symp-

tom management understandably taking priority.15 Though research

suggests AYA express concern about sexual functioning,16,17 few stud-

ies examine this in relation to specific diagnoses. The brief overview

in Table 1 and review by Stanton et al.18 provide an evidence

base from which age-appropriate, stratified interventions could be

Pediatr Blood Cancer. 2018;65:e27396. c© 2018Wiley Periodicals, Inc. 1 of 8wileyonlinelibrary.com/journal/pbc
https://doi.org/10.1002/pbc.27396
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TABLE 1 Sexual impact in cancers common to adolescents and
young adults

Age at
time of data
collection
(years) Impact of cancer on sexual function

Leukemia Reported sexual dysfunction after
human stem cell transplantation
(HSCT) is multifactorial and includes
decreased libido, hormonal
dysfunction, infertility, erectile
dysfunction (ED), dyspareunia, and
genital graft-versus-host disease
(GVHD).19,20

Hodgkin's
lymphoma

18–40 Female survivors report one ormore
sexual problems, none of which
reported recovery.21

18–45 Male survivors (<45 years) reported
sexual function as compromised
relative to the general population,
though better than testicular cancer
survivors andworse than leukemia
survivors. Evidence that
chemotherapy, depression, relapse,
reduced testosterone levels, older age
at survey andworse physical quality
of life were associatedwith worse
sexual function.22

Thyroid 15–29 Both sexes reported feeling less
attractive due to scars; feelings of
attractiveness were negatively
related to the size of scars.23

Bone sarcoma 18–32 Results suggest male survivors of lower
extremity bone tumors experience
better sexual functioning than female
survivors. Survivors of limb sparing
surgeries experiencedworse sexual
function, more depressive symptoms
and poor self-esteem compared to
Van-Nes rotationplasty and
amputation survivors.24

CNS tumors 18–39 In diffuse low-grade glioma 64% of
female and 30% ofmales met the
criteria for sexual dysfunction.25

Breast <45 Zhou26 found the impact of menopause
in youngwomenwith breast cancer
was profound and can affect all
aspects of the sexual experience.
Surgery had significant impact on
sexual desire and body image; cancer
therapy related amenorrhea had
significant impact on sexual desire and
sexual function.

Female genital Sexual function among survivors of
cervical cancer was poor and
appeared to decrease with age.27

Those who undergo surgery report
pain and loss of sensation.28 Female
patients receiving pelvic radiation (for
any cancer) can face sexual problems
related to vaginal fibrosis, stenosis,
and loss of lubrication.29

Male genital Characteristics associatedwith reduced
sexual function included increased
age, lack of a partner, high anxiety, and
lower testosterone, being treated
with radiation therapy plus
chemotherapy and/or RPLND and
longer time since treatment.30

developed. Evenwhendrawing data from larger heterogeneousmixed-

aged groups, estimates of the prevalence of sexual dysfunction in AYAs

are limited16 but consistent. The AYA-Health Outcomes and Patient

Experience (AYA HOPE) cohort study reported the prevalence of sex-

ual problems to be 49% and 43%, within 1 and 2 years after diagnosis,

respectively.16 LikewiseAcquati et al17 foundover50%of studypartic-

ipants reported sexual dysfunction at threemeasured time points (<4 ,

6, and 24months) from diagnosis.

2.2 Sexual well-being

It can surprise professionals that some young adults remain, or indeed

become, sexually active during treatment. In a small sample of 35 AYA

aged 14–25 years, Rosenberg et al31 found 55% were sexually active

during the first sixmonths of treatment and for 18% this was their first

time of sexual intercourse.

Clearly, preserving fertility and understanding reproductive con-

cerns associated with treatment remains important. However, many

patients believe they will become infertile, or be infertile while on

treatment, leading to low rates of contraception or condom use and

inadvertentlyplacing themathigher risk for sexually transmitted infec-

tions (STIs).32 In a literature review examining best practice in contra-

ception use during treatment and survivorship in AYA cancer patients,

Fridgen et al33 found only five studies and little consistency in the rec-

ommendations made for contraception use or implementation of pub-

lished guidelines.

The disruption cancer brings to the lives of younger adolescents

often affects their access to education; this includes access to sex-

ual health education provided by schools, organizations, home, media,

or peers.34 This inadvertently places them at higher risk and greater

potential harm from STIs, high-risk sexual behaviors, and unintended

pregnancy. During treatment, AYA have expressed a desire for more

information on sexual health, expecting HCPs would raise the sub-

jects, but were often bemused to find it was never discussed.23 In a

retrospective audit35 of young adults’ (20-39 years) medical records

(n = 427), 58% of patients received a discussion about their repro-

ductive health but only 7% discussed sexual health (sexual function,

activity and contraception). There was a significant association that

conversations on reproductive or sexual healthwould trigger the other

linked topic tobe addressed. Perhapsunsurprisingly, sexual health con-

versations most often took place with gynecological cancer patients.

Current guidelines encourage highly flexible settings for transition-

ingAYAs from treatment to survivorship. However, fewmention sexual

health provision even though sexuality may have changed since diag-

nosis and its importance likely to have increased.23 Bolte's36 concep-

tual model of sexual self with 113 young adult (18-39 years) cancer

survivors and 54 healthy peers found 77% of cancer patients received

information on the potential impact of cancer/treatment on fertility

but only 13% received information relating to sexual well-being. Fur-

thermore, AYA survivors exhibited lower sexual self-esteem, higher

sexual distress, and lower sexual function than healthy peers. This

study echoed the association between the experience of sexual diffi-

culties, lower quality of life, and higher psychological distress reported

elsewhere.37



SOANES ANDWHITE 3 of 8

2.3 Intimate relationships

Forming intimate emotional and sexual relationships is a highly mean-

ingful process frequently initiated during adolescence and young

adulthood, again cancer causes disruption to this process. The impact

of treatment and repeated hospitalization can reduce interaction with

peers, risking social isolationandalienation.37 The resulting lossof nor-

mative social and sexual experiences may result in lack of confidence

or naive expectations in relationship formation andmaintenance,36–38

predisposing AYAs to sexual or relationship difficulties.39,40 Disclos-

ing cancer to others, especially intimate or potentially intimate part-

ners, is particularly salient to the AYA population, particularly for

those whose cancer/treatment directly affects their sexuality.26,30,42

In developing relationships, identity is revealed though personal his-

tory, emotions, thoughts and body. The disclosure of cancer and its

impact may result in rejection and compound negative perceptions of

the body, self and emerging sexuality.14,41 Hence, the process of dating

and relationship formation management becomes even more stressful

and uncertain, potentially resulting in deprived companionship, sup-

port and loneliness.43

Not all AYA experience relationship challenges in survivorship.

However, some report difficulties in sexual desire, sexual frequency,

function and satisfaction.13,44 These factors, togetherwith struggles in

body image16,41 and low self-esteem,40 can lead to relationship con-

flict and lower overall quality of life.42,44 The consequences of can-

cer on relationships in this cohort have most commonly been explored

in young women with breast cancer, where the importance of cou-

ple communication was reported.42 Promoting communication and

resilience strategies to AYA to navigate altered body image and self-

esteem during treatment and survivorship may reduce the likelihood

of some sexual difficulties, however there is little evidence regard-

ing which strategies are most effective.44,45 Likewise, interventions

focused on building and maintaining healthy relationships40,42 or the

adaptation of couple-based therapy from adult cancer practice46 may

be a wise investment for the future of AYA who wish to form stable,

sexually active intimate relationships leading to parenthood.

3 LESBIAN, GAY, BISEXUAL ,

TRANSGENDER AND QUESTIONING

AYAs who identify themselves as lesbian, gay, bisexual, transgender

or questioning (LGBTQ) often face additional challenges related to

their sexuality. People who identify as LGBTQ diagnosed with can-

cer report negative health care experiences and perceived discrimi-

nation, the outcome of which can lead to depression, low self-esteem

and isolation, particularly if partners are not embraced within health

and supportive care provision.47,48 LGBTQ cancer patients also report

less satisfaction with psychosocial cancer care than their heterosexual

peers.49 Cancer support services and tailored education/information

materials for individuals from sexual minority groups are still rare.50

In a small study (n = 40),51 35% of respondents indicated their

physician was aware of their sexual orientation, with the largest pre-

dictor of disclosure being prior discussion about sexual health. HCPs

may be unaware of the unique reproductive and sexual health needs of

LGBTQ AYAs. Likewise, few young LGBTQ AYA report being informed

by HCPs on healthy same-sex sexual activities or relationships.52 The

personal experiences and advocacy of young LGBTQ people with can-

cer are now constructing nonheterosexual cancer identities through

print, visual, and social media. In the UK, this was most visible in Dean

Eastmond's challenge to the Human Fertilisation and Embryology

Authority (HFEA) on the process for same-sex couple's use of cryopre-

served sperm52 and the impact of cancer on gay men's masculinity.53

Exploring the sexual health experiences, priorities and unmet needs

of LGBTQ AYA with cancer may yield findings that influence service

improvements and shape how we attend to the concerns of individu-

als from both sexual minorities and the wider AYA population.

3.1 Adolescent and young adult survivors of cancer

in childhood

As survivors of cancer in childhood reach adolescence and young

adulthood, the impact cancer and its treatment has had on their

sexuality often becomes apparent.54,55 Ovarian, testicular and cranial

radiotherapy, or exposure to alkylating agents, can delay or avert

puberty affecting sexual maturation, desire and arousal, erectile

function and vaginal health.54–56 These effects can result in physi-

cal and psychological changes to the body,56 lowering esteem and

function.57 Evidence also suggests sexual milestones such as dating,

nonsexual intimacy and first sexual intercourse occur later in survivors

of childhood cancer than their healthy peers.58

Women report more sexual concerns thanmales,39 but males seem

to experience more distress related to their sexual difficulties,55,58,59

possibly due to gender stereotyped sexual roles and social norms.

Other survivors of childhood cancer report sex to be an enjoyable

part of their life,36,60 though it is possible sexual difficulties are under

reported, as many do not relate sexual difficulties to their cancer in

childhood.61 Few young people report HCPs proactively discussing

the possibility of future sexual dysfunction or offering information on

the services and personnel available to address these issues should

they occur.61 The lasting sexual impact in this cohort seems nuanced

and different to that reported in adult or AYA cancer. Identified mea-

sures of sexual function, interventions to address needs as survivors

mature and further research would be welcomed with this growing

population.62

3.2 Addressing sexuality in clinical practice

3.2.1 Starting the conversation

AYAs want to be informed how cancer and its treatment will affect

their sexuality and if effects will be temporary or permanent.12,38,63

However, it is reported that many HCP remain reluctant to raise the

topic of sexuality, especially altered sexual function, and are inconsis-

tent inproviding informationon this aspect of care.63,64 Aconversation

on sexuality in AYA cancer care can be influenced bymultiple factors; a

patients’ developmental stage, parental views, cultural norms or influ-

ence, HCP assumptions about the patient's development, relationship

status, or confidence in the subject under discussion.10,54,65 The per-

sonal and professional factors influencing HCP are known to include
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TABLE 2 Clinical screener for sexual problems/concerns (adapted
from Flynn et al70)

In the past 12months, has there ever been a period of 3months ormore
when you had any of the following problems or concerns? Please
tick/indicate all that apply

Youwanted to feel more interest in sexual activity

You had difficulty with erections (penis getting hard or staying
hard)—Men only

Your vagina felt too dry—Women only

You had pain during or after sexual activity

You had difficulty having an orgasm

You felt anxious about sexual activity

You did not enjoy sexual activity

Some other sexual problem or concern

No sexual problems or concerns

lack of knowledge, training, and time pressures. Factors affecting both

health professionals and patients are fear, embarrassment, and the

presence of parents in consultations where sexuality is discussed.32,66

While acknowledging confidentiality is of paramount importance to

AYA, Morgan et al63 suggest that HCP initiate open nonjudgmental

conversations on this subject before, or soon after, treatment begins.

Conversations should include checking patients’ sexual well-being,

providing an opportunity for education and referral to other services

if needed. There is little consensus in the available literature as to

whether parents should be present during such discussions.63,67 As

young peoplemature, issues regarding sex, sexuality and sexual behav-

ior becomeprivate, excludingparents, andHCPare required todemon-

strate discretion regardingwho they involve in such discussions unless

these are capacity or safeguarding concerns.

3.2.2 Education, tools, and guidance

Conversations about sex and sexuality may be a challenge for some

HCP, but a useful vehicle for initiating and structuring such conver-

sations is the use of validated self-report sexual concerns/morbidity

screening or assessment instruments (usually questionnaires). While

the majority of sexual morbidity measures are not specifically vali-

dated for use with AYA, some have been evaluated in heterogeneous

adult samples that included young adults.46 Promoting a “toolbox

approach” to the clinical assessment of treatment-induced sexual con-

cerns with AYA, Aubin and Perez69 suggest combining data from clini-

cal consultations,medical records and self-report questionnaires. They

also highlight the importance of adopting a direct and open communi-

cation style, similar to life coaching ormentorship, when exploring sex-

ual concerns or delivering psychoeducation with AYA. In a more struc-

tured approach, The Patient Reported OutcomesMeasurement Infor-

mationSystem (PROMIS)70 offers three screening instruments for sex-

ual problems/concerns. Developed in a probability-based adult sam-

ple (n = 3515) of 1632 men and women aged 18-44 years (46.4%), the

most effective instrument appeared tobe the checklist screener in elic-

iting sexual problems/concerns (Table 2). This brief checklist is quick

for both clinicians and patients to complete, provides adequate detail

and is likely to improve the identification, management and/or onward

referral of sexual concerns.70

Use of these approaches varies accordingly to the extent to which

HCP are confident or otherwise regarding the assessment and man-

agement of sexuality and their knowledge of specialist services to

which they can refer.35,69 While targeted HCP educational interven-

tions have proved successful,71–73 time and cost are likely to restrict

access. The inclusionof treatment-associated sexual difficulties as core

a topic in oncology education programs is a further consideration. To

support clinicians there are a growing number of web-based decision-

making tools and clinical management guidance, including new ASCO

sexual health and cancer guidance for adults (≥18 years).62 This guid-

ance provides details of evidence-based interventions (pharmaceuti-

cal, psychosocial and psychosexual) available to address sexual issues

and also underlines the importance of HCP starting the discussion

about sexuality with patients. Strengthening communication between

cancer care providers and reproductive, sexual health, or sex educa-

tion specialists74 and widening the scope of health and social care

professionals75 roles could also foster amore holistic approach to AYA

sexual health care.

In the past 10 years, interventions to guide and educate patients

on sexual health have moved from face to face counseling and

workbooks76 to web-based programs,77,78 though it remains unclear

how these interventions become embedded in practice. There appears

to be no evidence of development in education, decision-making tools,

or guidance responsive to AYA-preferred information and communica-

tion methods. For example, mobile phone apps or web-based psychoe-

ducation on sexuality and relationship support during or after cancer

treatment.

3.3 Models of care

The PLISSIT79 model (Figure 1), based on patient need and complex-

ity of chosen intervention, offers a framework for both assessment

and intervention. The first level (Permission) normalizes the subject,

acknowledges the potential sensitivity surrounding such discussions,

and affirms the patient as leading the intervention. The importance

of permission has been extended in the more recent ”Ex-PLISSIT”

model.80 Herepermission is seenasopenness and shared learning at all

stages of the model; the patient reviews the professional's interaction

and is given the opportunity at every level to express further concerns

and needs. In turn, the professional reflects on their interactions, chal-

lenging their assumptions and extending their knowledge. All patients

should be offered the opportunity to discuss their sexuality in the con-

text of their cancer diagnosis and planned treatment.

In terms of intervention, the majority of AYA are likely to require

level 2 care (Limited Information) offering simple interventions and sup-

ported self-management. Level 3 (Specific Suggestions) requires referral

to specialist or advanced practitionerswho are knowledgeable enough

to conduct a specialist assessment and address psychoeducation or

biomedical management strategies and information on specific sexual

behavior adjustments. Level 4 (Intensive Therapy) remains the province

of psychological, psychosexual or sexual medicine expertise with an
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F IGURE 1 Service provisionmodel for sexual rehabilitation after cancer treatment (adapted fromAnnon79)

interdisciplinary approach to patients with more complex, enduring

problems, co-morbidities or specific psychological vulnerabilities.

The reluctance to discuss the sexuality81,82 and lack of routine

systematic assessment before, during, or after treatment in AYA can-

cer care are missing foundations for meeting patient need. Devel-

oping or adapting existing high-quality adult patient guidance62 to

AYA patient groups is an important step in the development of age-

appropriate patient-reported outcome measures. The use of a “tool-

box approach,”69 patient education and self-management tools71–73

and availablemodels79,80 could constitute a framework of service pro-

vision for addressing sexuality in AYA cancer services.

A core component of any AYA cancer program is the availability of

HCPwho understand the developmental tasks associatedwith this life

stage and who are willing to be flexible in their approach in creating

a health care environment that promotes a sense of normalcy. Devel-

oping all HCP to be comfortable in conversation with AYA on sexuality

would at least define sexuality as a normal part of care. To address site-

specific and more complex sexual consequences of treatment, cancer

centers should have access to multidisciplinary sexual rehabilitation

services within or without their center.81 Just as stratified oncofertil-

ity services are being established, it would seem timely to replicate this

approach for sexuality.

4 CONCLUSION

Given the importance of sexuality development during AYA years, it is

crucial to understand the factors that enable the information needs of

AYA to be appropriately identified and met. Throughout this review,

the themes of communication, age-specific assessment and interven-

tion were consistent. Building an AYA psychosocial support culture—

where health and social care professionals feel comfortable asking,

as Morgan et al63 suggested, one simple, open and nonjudgmental

question—might be the place to start. Practice development should

focus on patient care needs HCP professional developmental needs,

and service design so that AYA sexuality is inherently acknowledged in

care provision. In line with the independence of AYA, age-appropriate

patient education and supported self-management interventions are

also worthy of attention.

Practice development can then address the gaps in local, regional

and national need; the strength of AYA cancer care remains its

multidisciplinary, entrepreneurial and collaborative approach. The

need for integrative models of sexuality care incorporating relational,

psychological, cultural and physiological aspects of sexual expression

andwell-being have emerged from this review.

While there is growing understanding of the prevalence and type

of sexual difficulties affecting older adult cancer patients, the evi-

dence base remains scarce in AYA cancer. In support of improved

practice and service provision there is a need for increased research

activity on the prevalence of sexual dysfunction in AYA cancer care.

Three key practice development priorities could transform the provi-

sion of sexual health care in AYA oncology: the development of age-

appropriate clinical assessment tools and biopsychosocial interven-

tions that effectively address the impact of cancer and its treatment

on AYA in the context of their on-going life transitions. These areas of

research are essential for clinicians and for those responsible for fund-

ing and service provision, that offers systematic management of sex-

ual difficulties for AYA whose sexual identity or well-being has been

adversely affected by cancer, to improve patient outcomes and quality

of life.

5 RECOMMENDATIONS

– Increase in high-quality, prospective, multisite complex intervention

studies in sexual and relationship consequences of AYA cancer.

– Development of age appropriate web-based clinical assessment,

decision-making tools and clinical management guidance.

– The inclusion of sexuality (normal and cancer related) in AYA patient

information, HCP education, service design and provision, including

local, regional, and national referral pathways for specialist support.

– Improve access to low-cost, open-access interventions: brief psycho-

logical therapies, web, telephone-based, or App-based psychoeduca-

tional interventions and information.
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AbstrAct
•	 Objective:	To	describe	a	script-based	approach	to	as-

sist	oncology	nurses	in	fertility	discussions	with	their	
adolescent	and	young	adult	(AYA)	patients.	

•	 Methods:	 Scripts	 were	 developed	 by	 a	 team	 that	
included	 experts	 in	 fertility	 and	 reproductive	 health,	
health	education,	health	communication,	and	clinical	
care	 of	 AYA	 patients.	 Individual	 scripts	 for	 females,	
males,	and	survivors	were	created	and	accompanied	
by	a	flyer	and	frequently	asked	questions	sheet.	The	
script	and	supplementary	materials	were	then	vetted	
by	oncology	nurses	who	participated	in	the	Educating	
Nurses	about	Reproductive	Health	Issues	in	Cancer	
Healthcare	(ENRICH)	training	program.	

•	 Results:	The	scripts	were	rated	as	helpful	and	socially	
appropriate	 with	 minor	 concerns	 noted	 about	 awk-
ward	wording	and	medical	jargon.

•	 Conclusion:	 The	 updated	 scripts	 provide	 one	 ap-
proach	for	nurses	to	become	more	adept	at	discuss-
ing	 the	 topic	of	 infertility	and	FP	with	AYA	oncology	
patients	and	survivors.	

In the United States, over 70,000 adolescents and 
young adults (AYAs) are diagnosed with cancer each 
year [1,2]. Treatments are available that are associ-

ated with improved survival for these cancers. Unfortu-
nately, cancer treatment may significantly impact AYA 
survivors’ future fertility. Infertility or premature ovarian 
failure can occur during or after cancer treatment (eg, 
chemotherapy, radiation) for females, and males may be 
temporarily or permanently azoospermic [3]. There are 
a number of established methods of fertility preservation 
(FP) that are available; these include oocyte and embryo 
cryopreservation and ovarian transposition for females  
and sperm banking for males [3]. Experimental options 

for males include testicular tissue freezing and for females 
ovarian tissue cryopreservation.

 The American Society of Clinical Oncology (ASCO) 
and the National Comprehensive Cancer Network [4,5] 
recommend discussing FP with patients of reproduc-
tive age, ideally before initiation of treatment. In 2013, 
ASCO updated guidelines extending the responsibility 
for discussion and referral for FP beyond the medical 
oncologist to explicitly include other physician special-
ties, nurses, and allied health care professionals in the 
oncology care setting [3]. However, multiple publica-
tions, including patient surveys and interviews, physician 
surveys, and medical record abstraction studies suggest 
these discussions do not consistently take place. In an 
analysis of 156 practice groups submitting data as part of  
ASCO's Quality Oncology Practice Initiative, only 
~15%–20% of practices routinely discussed infertility 
risks and FP options [6]. A recent review of medical 
charts of patients aged 18–45 treated in 2011 at 1 of 4 
large U.S. cancer care institutions found that documen-
tation of discussions for infertility risk was 26%, 24% 
for FP option discussion, and 13% for fertility specialist 
referral [7]. 

Oncology nurses play a key role in patients’ care and, 
compared to other health care providers, are more likely 
to have multiple interactions with patients prior to the 
initiation of treatment [8]. They are often attuned to 
the medical and psychosocial needs of the patient and 
family and can advocate for their needs and desires [9].  
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However, existing research finds few oncology nurses 
discuss this topic with AYA patients. Studies examining 
barriers have identified factors that may hinder discus-
sions about infertility and FP with AYA oncology patients. 
These barriers include lack of knowledge about cancer 
related infertility and available FP procedures; access to 
re productive endocrinologists or sperm banking clinics; 
time constraints in busy clinics and concerns about delay-
ing treatment; discomforts discussing reproductive health; 
patient’s ability to afford FP; bias about the suitability of FP 
for young or unpart nered or LGBT patients or those with 
a poor prognosis; and personal religious or moral values 
about the use of assisted reproductive technologies [10–15]. 

Equipping nurses with content-specific communi-
cation may overcome some of the barriers described.  
A method often used in nursing education and com-
munication interventions is scripting [16–18]. Scripting 
provides precise key words that ensure consistency in 
the message, no matter the messenger [19]. This paper 
reports on the development and refinement of a series of 
scripts to guide discussions about FP for male and female 
AYA patients and survivors.

script Development
In 2003 Studer developed the AIDET (Acknowledge,  
Introduce, Duration, Explanation, and Thank you) model 

Figure 1. Nurse	talking	points	flyer.
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of communication for health professionals [19]. AIDET 
is an effective tool in facilitating communication practices 
among nurses and physicians in adult and pediatric set-
tings [20–24]. The AIDET model was adapted by our 
team to develop AIDED: Assess, Introduce, Decide, Ex-
plain, and Discuss, a script-based approach to assist oncol-
ogy nurses in fertility discussions with their AYA patients. 
Our team included experts in fertility and reproductive 
health, health education, health communication, as well 
as clinical and psychosocial care of AYA patients. 

We developed 3 scripts. Two were targeted to AYA 
females and males at or near time of diagnosis (Female 
Script and Male Script) and one targeted to AYA sur-
vivors who had completed treatment (Survivor Script). 
Each script contained dialogue guidelines using the 
AIDED format. The scripts were accompanied by a 
flyer that provides a brief overview on how to start a 
discussion about FP (Figure 1) and a frequently asked 
question (FAQ) sheet that addresses common questions 
regarding fertility risk, FP time lines, survivorship, and 
financial concerns (Figure 2). The goal was to produce 

a packet of materials for future use in communica-
tion research and ultimately, dissemination into clinical  
practice. 

Educating Nurses about Reproductive Issues in Can-
cer Healthcare (ENRICH) is a web-based communica-
tion skill building curriculum for oncology nurses to ini-
tiate reproductive health discussions with AYA patients 
[25]. Because these individuals are actively engaged in 
the care of AYA patients and familiar with the content 
and process of providing information about fertility and 
FP to AYA patients, we elicited feedback from this group 
to improve our scripts and other materials targeting AYA 
oncology nurses. Overall, the nurse reviewers found the 
scripts socially acceptable and appropriate. The problems 
identified included awkward or vague wording and 
poorly or undefined terminology. The team addressed 
these issues by replacing the awkward wording, clarifying 
or softening some language, and using more simplistic 
terms. The revised Female script is shown in the Table; 
the Male and Survivor scripts are presented at the end of 
this article.

RepoRts fRom the field

Figure 2. Frequently	asked	questions	sheet.
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benefits of scripts
Communication difficulties may present an obstacle for 
oncology nurses to address the infertility, FP information,  
and supportive care needs of AYA cancer patients [15]. 
While guidelines from leading health and professional 
organizations support the need to discuss these issues 

with patients, implementation requires providing practi-
cal tools that meet the needs of nurses’ practice setting 
and patient population [26]. 

The use of scripts has a long history in the medical 
profession and is growing in importance for “breaking 
bad news” and end of life discussions [27]. For clini-

Table. Female	Script

Assess	patient's	general	understanding	
of	their	diagnosis	and	their	potential		
impact	on	fertility	as	well	as	current		
and	future	desires	for	parenting

Has anyone discussed how your cancer treatment may affect your ability to have children?

I know this is something you may not be thinking about right now, but do you think you 
may want to have (more) children in the future?

Note:	A	patient	is	more	likely	to	refuse	to	consider	fertility	preservation	if	she	feels	pres-
sured;	speak	slowly	and	clearly	and	avoid	projecting	a	sense	of	urgency.

Introduce	the	topic	of	fertility	and	why		
you	are	discussing	this	topic

I would like to talk with you about these issues.

Is this something you would like to hear about?

Is this a good time to talk about this?

Is there someone you would like to have with you when we talk about this? 

Before I begin, tell me what you already understand about the possible effect of treatment 
on your fertility.

Describe	potential	impact	of	a	cancer		
diagnosis	and/or	treatment	on	fertility	
and	available	options	to	preserve		
fertility

Females are born with about one million eggs and cannot make any new eggs. 
Certain chemotherapy drugs, as well as exposure of the ovaries to radiation, can 
destroy eggs. Depending on how many eggs are lost, you may not be able to have a 
biologic child after treatment. Unfortunately we cannot predict with certainty exactly 
how you will be affected.

However, there are steps you may be able to take before treatment to preserve your 
fertility. The option that has been used the longest is embryo freezing. Eggs are  
removed from your ovaries and fertilized in a laboratory with sperm from your part-
ner or a donor to create embryos. These are then frozen for you to use in the future 
if you need them. At that time they would be thawed and placed in your uterus to  
attempt pregnancy.

Another option is to remove eggs and freeze them without having them fertilized with 
sperm. If you need to use them in the future, they would be thawed, and fertilized 
with sperm from your partner or a donor to create embryos. The embryos would 
then be placed in your uterus to attempt pregnancy.

Note:	The	patient	may	have	questions	about	other	options	for	fertility	preservation.	If	
so,	be	prepared	to	discuss	options	such	as	ovarian	transposition,	ovarian	suppres-
sion,	and	ovarian	tissue	freezing.

Explain	the	timeline	for	various	fertility	
preservation	options	and	refer	to		
relevant	specialists

The process for embryo and egg freezing takes 2-1/2 to 3 weeks.

Treatment cannot begin until this is completed. If this is something you want to con-
sider, the first step would be to see a fertility specialist; these doctors are called 
reproductive endocrinologists. 

Discuss	and	provide	patients	with		
information	and	offer	support	to		
facilitate	decisions	about	fertility		
preservation

Some women are very clear about whether or not they want to pursue fertility preser-
vation. Others have a harder time making this decision. Some things to consider as 
you make a decision for yourself include the opinion of your oncologist; the safety  
of delaying treatment for about 3 weeks; how important it is to you to have a biologic 
child; your ability to cope with the effort it will take to pursue this; your religious,  
ethical, and personal beliefs about using reproductive technology; your ability to  
afford the treatment; and the opinions of your family. There is no “right” decision.  
Our goal is for you to have all the information you need to make the best decision  
you can for yourself. Regardless of the outcome, we want you to have no regrets.

If you would like to see a reproductive endocrinologist to learn more about this, I would 
be happy to call his/her office to get an appointment scheduled for you. 
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cians, scripts provide networks of knowledge adapted to 
the goals of clinical tasks. Scripts also incorporate the 
notion of Hymes’ communication competence by dem-
onstrating the underlying traits that enable speakers to 
be perceived as effective communicators: knowing what, 
how and when to say something [28]. Scripts provide 
structure to describe a medical sequence of events within 
the most appropriate context, such as discussing the risk 
of infertility from cancer treatment prior to the initiation 
of the treatment. Importantly, scripts are best used with 
communication skills training that incorporate empathy 
and listening skills [29–31]. 

conclusion
These scripts provide one approach for nurses to become 
more adept at discussing the topic of FP with AYA oncol-
ogy patients. We will continue to update and refine these 
scripts and ultimately test their efficacy in improving 
psychosocial and behavioral outcomes for AYA patients. 
While scripts are effective, they must be updated to re-
flect relevant advances in clinical care. In addition, it is 
important to identify local resources to facilitate discus-
sion and referral for those who seek additional informa-
tion and or services related to FP. Such resources include 
psychosocial support, reproductive endocrinologists with 
expertise in the unique needs of AYA oncology patients, 
providers who accept pediatric patients (if needed), and 
financial assistance. 
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THE FOUR OF US

sit there in the hospital room. 
My patient talks with the intern,
while I sit in the corner, listening
as if uninvolved.

The fourth, my patient’s
unseen roommate, lies in his own bed
behind the curtain that pretends
to give us privacy, shields
our secrets.

The conversation moves along
‘til Dr. Youth asks my suffering patient,
“Just how bad was your chest pain, anyway?”
We all expect the usual answer, “Pretty bad”
or “Not so bad” or maybe a number like
six out of ten, but no, the unknown voice
that answers from behind the curtain
firmly proclaims,

“Your chest pain was the worst chest pain
I have ever seen.”

—Frederick W. Platt, MD
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RepoRts fRom the field

Male	Script

Assess	patient's	general	understanding	
of	their	diagnosis	and	their	potential	
impact	on	fertility	as	well	as	current		
and	future	desires	for	parenting

Has anyone discussed how your cancer treatment may affect your ability to have children?

I know this is something you may not be thinking about right now, but do you think you 
may want to have (more) children in the future?

Note:	A	patient	is	more	likely	to	refuse	to	consider	fertility	preservation	if	he	feels	pres-
sured;	speak	slowly	and	clearly	and	avoid	projecting	a	sense	of	urgency.

Introduce	the	topic	of	fertility	and	why		
you	are	discussing	this	topic

I would like to talk with you about these issues

Is this something you would like to hear about?

Is this a good time to talk about this?

Is there someone you would like to have with you when we talk about this?  

Before I begin, tell me what you already understand about the possible effect of treatment 
on your fertility.

Describe	potential	impact	of	a	cancer		
diagnosis	and/or	treatment	on	fertility	
and	available	options	to	preserve		
fertility

Within the testes are continuously dividing germ cells that mature into sperm. When a 
male ejaculates, mature sperm are released into the semen. These sperm can fertil-
ize a woman’s eggs, resulting in pregnancy. Certain chemotherapy drugs, as well as 
exposure of the testes to radiation, can destroy the germ cells. Depending on how 
many cells are lost, you may no longer produce sperm and might not be able to 
have a biologic child after treatment. Unfortunately we cannot predict with certainty 
exactly how you will be affected.

However, there are steps you may be able to take before treatment to preserve your 
fertility. Sperm banking enables you to collect and freeze sperm. This process in-
volves ejaculating into a specimen cup. Your semen or “sample” will be tested to be 
sure the sperm are alive and healthy. The sperm will then be frozen for you to use in 
the future if you are not producing sperm on your own after treatment. Frozen sperm 
can be thawed and instilled directly into your partner to attempt pregnancy or they 
can be used to fertilize eggs in a laboratory to create embryos that can be placed in 
your partner or a surrogate. Your samples belong to you, and only you can decide 
how they will be used, if ever, in the future. 

Note:	The	patient	may	have	questions	about	other	options	for	fertility	preservation.	If	
so,	be	prepared	to	discuss	options	such	as	electroejaculation	and	testicular	sperm	
extraction.

Explain	the	timeline	for	various	fertility	
preservation	options	and	refer	to		
relevant	specialists

We generally recommend that men collect 3 separate specimens, with 2-5 days 
between each collection. That takes a week to 10 days. If there is not enough time 
for this before you are scheduled to begin treatment, you can collect 3 days in a 
row. Even if you have time for only one collection, it is worthwhile to consider sperm 
banking.

Treatment cannot begin until sperm banking is completed. If this is something you 
want to consider, the first step would be to schedule an appointment at a sperm 
bank.

Discuss	and	provide	patients	with		
information	and	offer	support	to		
facilitate	decisions	about	fertility		
preservation

Whether or not you want children now, we recommend you consider sperm banking. 
You don’t have to use the frozen sperm, but having it will give you more choices in 
the future if you decide you want to have children. Many men who have been through 
this and didn’t sperm bank before treatment, wish they had done this.

If you would like to consider sperm banking, I would be happy to call the sperm bank to 
get an appointment scheduled for you.
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Survivor	Script

Assess	patient's	general	understanding		
of	their	diagnosis	and	their	potential		
impact	on	fertility	as	well	as	current		
and	future	desires	for	parenting

Has anyone discussed how your cancer treatment may affect your ability to have children?

I know this is something you may not be thinking about right now, but do you think you may 
want to have (more) children in the future?

Note:	A	patient	is	more	likely	to	refuse	to	consider	fertility	preservation	if	she	feels	pressured;	
speak	slowly	and	clearly	and	avoid	projecting	a	sense	of	urgency.

Introduce	the	topic	of	fertility	and	why		
you	are	discussing	this	topic

I want to talk with you about something you may or may not have thought about before.

When you come for your checkup we look at all sorts of things that could have been affected 
by your treatment, like your heart and lung function or your bone density. Some kinds of 
cancer treatment can affect your fertility, affecting your ability to have children in the future.

I would like to talk with you about these issues.

Has anyone discussed fertility with you before?

Is this something you would like to hear about?

Is this a good time to talk about this?

Is there someone you would like to have with you when we talk about this? 

Before I begin, tell me what you already understand about the possible effect of treatment on 
your fertility.

Describe	potential	impact	of	a	cancer		
diagnosis	and/or	treatment	on	fertility		
and	availed	options	to	assess	current		
fertility	and	future	biological	and		
nonbiological	parenting	options

FEMALE

Females are born with about one million eggs and cannot make any new eggs. Certain 
chemotherapy drugs, as well as exposure of the ovaries to radiation, can destroy eggs. 
Depending on how many eggs are lost, you may not be able to have a biologic child in 
the future. Unfortunately we cannot predict with certainty exactly how you will be affected.

However, there are ways of evaluating your fertility now. You can see a reproductive endocri-
nologist who will evaluate how your ovaries are functioning using an ultrasound to look at 
images of the ovaries and measuring hormone levels in your blood.

MALE

Within the testes are continuously dividing germ cells that mature into sperm. Certain che-
motherapy drugs, as well as exposure of the testes to radiation, can destroy the germ 
cells. Depending on how many cells are lost, you may no longer produce sperm and 
might not be able to have a biologic child in the future. Unfortunately we cannot predict 
with certainty exactly how you will be affected.

However, you can have your fertility evaluated by a semen analysis. This is done at a spe-
cial lab where you would ejaculate into a specimen cup. Your semen would be examined 
under a microscope to count the number of sperm present in the sample and evaluate 
how well they swim in the fluid.

Explain	the	timeline	for	assessing		
fertility	and	pursing	future	parenting		
options	and	refer	to	relevant	specialists

FEMALE

We recommend you wait one year after chemotherapy has been completed before seeing a 
reproductive endocrinologist. This allows time for the ovary to recover. If the tests indicate 
that your egg supply is lower than expected, keep in mind that women continually lose  
eggs as they age. If you will not be having children in the near future, you can speak with 
the reproductive endocrinologist about the possibility of freezing eggs for you to use in the  
future if needed.

MALE

We recommend you wait one year after chemotherapy has been completed before having 
your semen analyzed This allows time for the testes to recover. If the tests show you are 
not producing sperm, or that your sperm counts are low, there may be continued recovery 
of sperm production in the first few years after treatment. If no sperm are found in your 
semen at the time you are ready to start a family, you can consider seeing a urologist to 
discuss the option of testicular sperm extraction, a minor surgical procedure to remove 
small pieces of testicular tissue which are then examined to try to find sperm.

Discuss	and	provide	patients	with		
information	and	offer	support	to		
facilitate	decisions	about	fertility		
preservation

Whether or not you want children now, it’s good to start thinking about this. If you would  
like to see a reproductive endocrinologist or have a semen analysis, I would be happy  
to arrange this for you.

Many men and women will be able to conceive naturally after cancer treatment. However, 
if you did not undergo fertility preservation before treatment, and testing shows you are 
no longer fertile, keep in mind that there are many ways to build a family. Options include 
using donor eggs/embryos/sperm and adoption. And, for women who cannot become 
pregnant after treatment, you can arrange for another woman to carry a pregnancy for you. 
There are a number of resources for you to learn more about these options.
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Abstract
Background: Adolescent and young adult patients with cancer (AYAs) identify sexual and repro-

ductive health (SRH) as an important but often neglected aspect of their comprehensive cancer

care. The purpose of this studywas to explore AYA perceptions and experiences of SRH communi-

cation with oncology clinicians.

Methods:Twenty-threeAYApatients and survivors ages15-25years froma large academic oncol-

ogy center participated in semistructured qualitative interviews investigating their experiences

discussing SRH issues, including specific topics discussed, conversation barriers and facilitators,

suggestions for clinicians on how to improve conversations, and education and resource needs.

Interviews were audio recorded, transcribed, and coded using a thematic analysis approach.

Results: InterviewswithAYAs revealed twoprimary themes—aneed for oncology clinicians to dis-

cuss SRH and critical gaps in current SRH communication practices. AYAs reported a need for

improved SRH communication for the purposes of general education, addressing specific SRH

issues experienced, and understanding the long-term impact of cancer and treatment on SRH. The

current communication gaps are exacerbated by patient discomfort initiating conversations and

the presence of family members. AYAs shared six key recommendations for clinicians on how to

improve SRH communication.

Conclusions: AYAs identify a role for oncology clinicians in discussing SRH as a primary aspect of

comprehensive health care during cancer treatment and in survivorship; however, multiple gaps

and barriers interfere with such discussions. Future efforts must focus on clinician education and

training in SRH as well as education and intervention opportunities for AYAs to optimize the care

provided.

K EYWORDS

adolescent andyoungadult, pediatric oncology, reproductivehealth communication, sexual health

communication, sexual health in adolescents and young adults, sexual health in cancer

1 INTRODUCTION

Adolescent and young adult patients with cancer (AYAs) struggle

with sexual and reproductive health (SRH) issues during and after

treatment. The World Health Organization defines SRH as “a state

of physical, mental, and social well-being and not merely the absence

of disease, dysfunction, or infirmity, in all matters relating to the

reproductive system, its functions, and its processes.”1 To reach and

Abbreviations: AAP, American Academy of Pediatrics; AYA, adolescent and young adult; PCP,

primary care provider; SRH, sexual and reproductive health

maintain an experience of healthy sexuality, AYAs navigate many

physical, social, and emotional changes during this developmental

stage. This necessitates receipt ofmedically accurate, developmentally

appropriate, and comprehensive sexual health education along with

access to related clinical services, all of which may be hindered by a

cancer diagnosis.2

When diagnosed during adolescence in contrast to early child-

hood, AYA survivors are more likely to experience impaired sexual

function and decreased libido, which can significantly impact intimate

relationships, sexual satisfaction, and self-esteem.3–5 AYAs also face

other challenges related to romantic relationships, such as feeling

Pediatr Blood Cancer. 2019;66:e27673. c© 2019Wiley Periodicals, Inc. 1 of 9wileyonlinelibrary.com/journal/pbc
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different from peers, uncomfortable disclosing their cancer history,

self-conscious about treatment-related physical changes, and con-

cerned about fertility.5 Many childhood cancer survivors experience

delays in dating, marriage, and sexual debut.6–9 These issues have

the potential to negatively impact overall AYA quality of life during

treatment and survivorship.

Recent research shows that both adolescent survivors and AYAs

currently on treatment engage in risky sexual behaviors (eg, unreliable

methods of contraception or no contraception) at rates similar to

or higher than their cancer-free peers.10–13 However, in contrast

to cancer-free peers, these AYAs face potential treatment-related

complications such as thromboembolism, and cancer treatment

can interfere with contraception efficacy, rendering many methods

ineffective.11,14 Risk-laden sexual behaviors may also exacerbate

acute and chronic complications of cancer therapy.15 For example,

unintended pregnancy and sexually transmitted infections may carry

far greater morbidity for on-treatment patients.16 AYA cancer sur-

vivors are more likely to experience a second cancer related to human

papillomavirus compared to those without a cancer history.17

While we know that AYAs struggle with a variety of SRH

issues, most SRH research focuses exclusively on fertility and fer-

tility preservation, leaving major knowledge gaps regarding opti-

mal patient-clinician communication, assessment, and intervention

in the areas of sexual risk behaviors, contraception, and sexual

function.11,18–20 Unfortunately, oncology clinicians often underesti-

mate the relevance of psychosexual issues among AYAs and do not dis-

cuss SRH.21 Although AYAs consistently identify the need for greater

patient-clinician SRH communication, these conversations rarely take

place.19,22–24 This study aims to explore AYA perceptions and expe-

riences of SRH communication in the oncology setting and to iden-

tify barriers and facilitators to guide the development of effective

communication strategies and practice guidelines.

2 METHODS

This is an exploratory study that utilizes semistructured interviews

to gain critical insight into AYA-patient experiences, preferences, and

priorities pertaining to SRH communication with medical providers.

Given the limited research onAYA SRH communication, interviews are

an importantmechanism in exploring the key concepts and dimensions

of SRH from the AYA perspective, and are a critical precursor to the

development of an intervention.25

2.1 Participants and recruitment

We recruited AYAs between the ages of 15 and 25 years at a sin-

gle large academic cancer center during outpatient visits between

February and August 2017. Although the defined age range of AYAs

varies by study and by country, the age range of 15-25 years old

was selected based on the developmental tasks pertinent to these

life stages (adolescence and emerging adulthood).26 Additionally, this

age range is commonly selected for the study of AYAs and is appro-

priate for research targeting pediatric oncology clinicians.27 Pediatric

TABLE 1 AYA semistructured interview questions

1. Our prior research and other studies suggest that many AYAswith
cancer and in survivorship wantmore information about SRH—what do
you think about this?

2. Has anyone on your oncology team ever
discussed…(puberty/development, sexual health, safe sex during
treatment, sexually transmitted infections, contraception/birth
control, fertility, possible complications from treatment on sexual
function)…with you?

3. Do you think it would be helpful for AYAs to talk about SRH issues with
oncology providers?

4.Whatmakes it difficult for AYAs to talk about SRHwith oncology
providers?Whatmakes it easy?

5. Ideally, howwould you like to hear about sexual health information that
is specific to cancer?

6. Thinking back to the start of treatment through now, whenwould be
the best time points for oncology providers to talk about SRH issues?

7. Do you have any advice for oncology providers on how tomake
discussions about SRH issuesmore relevant or comfortable?

8. In your opinion, how can oncology providers better support AYAswho
might have questions or concerns about SRH?

oncology and survivorship clinic visit lists were screened weekly for

potential candidates based on eligibility criteria, which included cur-

rently on active therapy (at least 1 month out from diagnosis) or being

within 2 years from completion of cancer treatment, permission to

approach from the AYA's primary oncology team, and English speak-

ing. Those meeting the criteria were approached in person by study

staff at the clinic visit. Young adult participants provided consent and

adolescents provided assent with parental permission. Study partic-

ipants were offered a $25 gift card for their time. Of the 61 AYAs

approached, a total of 27 agreed to participate and23 completed inter-

views (17 by phone and six in person). Four participants did not par-

ticipate in interviews due to scheduling conflicts. Due to institutional

review board restrictions, data were not collected on the AYAs who

were approached but declined participation.

2.2 Data collection

AYAs completed semistructured interviews focused on their expe-

riences and attitudes towards SRH care in the oncology setting.

Considering the potentially sensitive nature of the discussions, par-

ticipants were offered the option of in-person or phone interviews.

Prior research shows that allowing for participant preference is

acceptable, and both in-person interviews and telephone interviews

may be used productively in qualitative research, resulting in equal

richness and depth of the information collected.28–30 Interviews were

structured by key questions and probes intended to guide conversa-

tion (Table 1). At the start of each interview, the term “clinician” was

defined by the interviewer for the participant as a “physician, nurse

practitioner, or physician assistant.” Each participant also completed

a brief demographic questionnaire prior to the start of the interview.

The interviewer (N.N.F.) is experienced conducting semistructured

interviews and was not directly involved in the participants’ clinical

care.24,31 All interviews were audio recorded with the participants’

approval and professionally transcribed verbatim. The Dana-Farber

Cancer Institute Institutional Review Board approved this study.
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2.3 Data analysis

Transcripts were analyzed and summarized by two trained qualitative

researchers (N.N.F. and A.R.) according to standard comprehensive

qualitative analysis methods that involved a multistage coding pro-

cess and included both prefigured and emergent codes.32 Initial

coding was primarily descriptive in nature, with questions from the

interview guide serving as the framework for the prefigured coding

structure. With an orientation toward framework analysis, a more

inductive approach was utilized in the second phase of coding.33,34

This approach involves familiarization with the data, development

of a coding scheme, indexing (applying codes to the entire data set),

charting (making comparisons between and within cases), mapping,

and interpretation. Categories that emerged from these data formed

the broader thematic framework, and the refined coding structure

was collaboratively and iteratively developed. This structure was then

applied to all interview transcripts. Each transcript was independently

analyzed, followed by a coding comparison and meetings to address

discrepancies between coders. Independent coding of the interviews

and comparison of coding assured both credibility and dependability

of the coding process with 99% agreement and Cohen's kappa of

0.804.35 Data were then analyzed and compared both within and

across interviews to characterize the nature of AYA perspectives and

experiences with SRH communication. Interviews continued until

thematic saturation was achieved, which was based on the generation

of new themes/ideas. This occurred after approximately 15 interviews,

thereby indicting that a total of 23 interviews were enough for this

study. Data analyses and management were supported by NVivo qual-

itative data analysis software (QSR International Pty Ltd. Version 11,

2015). Nvivo software tools were used to assist in the coding and orga-

nization of interview data. PublishedCOREQguidelines for qualitative

researchwere followed toensure study rigor andmanuscript quality.36

3 RESULTS

3.1 Participant characteristics

The mean age of participants was 18.4 years (range 15-25 years)

(Table 2). Sixteen (70%) identified as female. Mean age at diagnosis

was 16.5 years (14-20 years). Slightly more than half of the partici-

pantswere in a romantic relationship at the time of the interview. Thir-

teen (57%) were on active treatment with the remaining participants

in early survivorship. A variety of diagnoses were represented, includ-

ing leukemia (n = 9, 39%), lymphoma (n = 8, 35%), bone tumors (n = 3,

13%), brain tumors (n = 2, 9%), and germ cell tumor (n = 1, 4%). Inter-

views lasted an average of 26min.

3.2 Themes and recommendations

We identified two overarching themes1: the need for oncology clini-

cians to discuss SRH as part of routine care and2 gaps in current SRH

communication practices. Additionally, AYAs shared six key recom-

mendations for clinicians regarding SRH communication. Themes and

recommendations did not vary by gender, age, or interview format

TABLE 2 AYA demographics andmedical characteristics

AYA demographics
N (frequency) or
average (range)

Identified gender

Female 16 (70%)

Male 7 (30%)

Age at study (years) 18.415–24

15-17 7 (30%)

18-20 13 (57%)

21-25 3(13%)

Age at diagnosis (years) 16.514–20

Ethnicity

Caucasian 18 (78%)

African American 1 (4%)

Asian or Pacific islander 1 (4%)

Other 3 (13%)

Education

Some high school 8 (35%)

Completed high school 6 (26%)

In college 8 (35%)

Completed college 1 (4%)

Relationship status

Single 13 (57%)

In a relationship 10 (43%)

Medical history

Primary diagnosis

Leukemia 9 (39%)

Lymphoma 8 (35%)

Bone tumor 3 (13%)

Brain tumor 2 (9%)

Germ cell tumor 1 (4%)

Treatment

Chemotherapy 22 (96%)

Radiation therapy 8 (35%)

Surgery 9 (39%)

Bonemarrow transplant 3 (13%)

Time since therapy completion

Currently in treatment 13 (57%)

<6months 4 (17%)

Between 6-12months 1 (4%)

Between 1-2 years 5 (22%)

(phone vs in-person interview) as demonstrated by similarity in

responses to questions and overall themes highlighted.

3.2.1 Theme 1: A need for oncology clinicians to discuss

SRH

All AYA participants confirmed both the need for and the importance

of oncology clinicians talking about SRH. However, two participants

noted that they did not think it was a top priority at this moment in
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TABLE 3 Key AYA-reported themes on SRH communication

Theme 1. The need for oncology clinicians to discuss SRH

Subtheme Representative quotations

General education
Especially because in school, there's no guarantee that there's an effective sexual health conversation going
on… because [teens] have all these different issues with going through chemotherapy andmay have
different questions, whichmay not be covered in class. (17, F, Hodgkin lymphoma)

I wasn't aware that there's different precautions you should take or like you'remore at risk for things or
anything like that. So, I think educating people on that might be helpful. (18, F, Hodgkin lymphoma)

SRH issues during treatment
I struggled with sexual health questions throughmy treatment whether it was safe sex or like being able to
physically—being able to have sex or bementally there. (21, M, leukemia)

I wasn't aware that there's different precautions you should take or like you'remore at risk for things or
anything like that. So, I think educating people on that might be helpful. (20,M, leukemia)

Future impact of cancer on SRH
Like they don't want to find out after treatment that theymight not be able to have kids or something. (17,
M, Burkitt lymphoma)

Just I think it's important to knowwhat's going on and how cancer is going to affect me in the future. I'd just
rather know everything that might affect me. (18,M, non-Hodgkin lymphoma)

Theme 2. Gaps in current SRH communication practices

Subtheme Representative quotations

2.1 Inadequacy of current
communication

Focus on fertility
We talked about fertility.We talked about current fertility status.We talked about how cancer treatment
affects fertility. (20, F, leukemia)

We, when I was first diagnosed, wewent through this whole long packet and [fertility] was just a section of
it. And they talked about how they don't think or the drugs that I'mgetting won't affect my fertility, and
that I will be able to grow up and have babies when I feel the time is right. And that was kind of the end of
the conversation. (18, F, Hodgkin lymphoma)

Limited discussion of SRH topics
We've never talked about sexually transmitted diseases or anything like that. (18, F, Hodgkin lymphoma)
But they haven't talked really about contraceptives still and I feel like that still might be a good idea because
there still is that chance. (20, F, leukemia)

2.2 Barriers to SRH
communication

AYA discomfort
I just think we're not used to talking about it with really like anyone. So it might just kind of be awkward. (18,
F, Hodgkin lymphoma)

As I said, I think there is a stigma around sexual health and being sexually active, especially if you're a
teenager…If you do talk about it, it's kind of the thought that it should be looked down upon. (17, F,
Hodgkin lymphoma)

I thinkmaybe a bit embarrassing to bring up. Yeah, it's just not something I'mused to bringing up in
conversation. (18,M, Hodgkin lymphoma)

Presence of parents and family
I think because it's usually such a private thing and sometimes you have your parents there, there's things
you don't want your parents to know. (19, F, leukemia)

I didn't always feel super comfortable talking about everything, especially because we usually meet withmy
parents and her andwe just discuss everything. (18, F, Hodgkin lymphoma)

2.3 Lack of resources I think handouts would be helpful, and if I was uncomfortable in a situation asking questions, then that
would be the next best thing to have in front of me, just for the information to be there. (18, F, Hodgkin
lymphoma)

I feel like something like a pamphlet could be really helpful, because you could give it out to the patient and
then they could go home and really think about what they want to learn…They can go home and have
time to think about how theywant to word their questions and ask. (20, M, osteosarcoma)

F, female; M, male.

their treatment. During the interviews, AYAs reported that they (1)

oftenmiss out on general SRHeducation in school orwith primary care

physicians, (2) encounter questions or problems during treatment, and

(3) have a desire for knowledge of potential future late effects of can-

cer and cancer treatment onSRH (Table3).Many talked about personal

struggles with SRH questions or problems during treatment, including

safe sex practices, contraception, risk for infection, uncertainty about

whether chemotherapy could be transferred to a partner by bodily flu-

ids, and how to talk to a partner about cancer. AYAs also expressed a

strong desire to understand how cancer treatment could impact their

future SRH, notably sharing cancer history with romantic partners,

sexual function, and fertility.

3.2.2 Theme 2: Critical gaps in current SRH

communication practices

Gaps in current SRH communication practices included the following

three subthemes: current communication is inadequate and focuses

on fertility, barriers to SRH communication, and lack of resources.

AYAs communicated that most SRH conversations focus on fertility.

Some AYAs reported limited conversations about sexual activity

and safe sex practices, contraception, and sexual function during

treatment. No AYAs reported conversations about potential future

treatment-related complications on sexual health, sexual function, or

impact of treatment on puberty/sexual development.Whilemost AYAs

reported discussing fertility with their clinicians, they also noted that
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these conversations usually took place only at the start of treatment

and varied in scope. Several AYAs expressed difficulty remembering

the content of these conversations and emphasized a need for ongoing

communication throughout treatment.

Twenty-two AYAs reported discomfort initiating conversations

about SRH issues as the primary barrier to direct SRH communication.

Many AYAs also described the presence of family members as a bar-

rier to open SRH communication with clinicians. Additional barriers

reported by several AYAs included perceived provider discomfort, lack

of rapport with clinician, and age/gender differences between patients

and clinicians.

Participants commented on a general lack of SRH-related educa-

tional resources designed specifically for patients with cancer, includ-

ing brochures/pamphlets, websites, etc., that could support clinician-

led conversations and serve as a tangible resource for review. Such

supplemental materials were primarily seen as part of a comprehen-

sive strategy to facilitate conversation and/or to provide information

to those AYAs that may be very uncomfortable discussing SRH and

need time to prepare for the conversation.

3.2.3 AYA-driven recommendations for changing care

delivery practices

AYAs provided six distinct recommendations on how clinicians may

improve SRH communication, which include initiating the conversa-

tion, offering time alone, normalizing the topic, engaging in ongoing

conversations through treatment and survivorship, tailoring the com-

munications to individual patient need, and directly communicating

with the AYA (Table 4). While AYAs want SRH conversations to take

place, personal discomfort around initiating the interaction often

renders them silent. In contrast, AYAs expressed a general willing-

ness to engage in conversations if they were clinician initiated, as

acknowledged by a 19-year-old young man with a brain tumor, “Yeah,

I definitely say that would be easier because I could answer questions

about [sexual health] but like starting a conversation about it would be

kind of difficult andmaybe a little weird.” All except for one participant

reported that at least one parent routinely accompanies them to clinic

visits, including AYAs ≥18 years old. As such, AYAs expressed a strong

preference for having time alone with clinicians during visits, notably

for SRH conversations, and suggested that clinicians routinely ask

parents or family members to step out of the room for portions of

clinic visits.

To facilitate comfort in SRH communication, AYAs advised normal-

izing conversations. One example prompt provided by a participant

was, “Other patients your age often wonder about safe sex during

treatment, what is this like for you?” There was a high degree of

variability in AYA preference for how frequently these conversations

should take place, with recommendations ranging from every few

weeks to a few times a year to significant time points in treatment

(ie, transition to a new treatment regimen, transition off therapy,

etc.). Participants discussed the importance of tailoring conversations

to individual patients such as adjusting communication to address

the stage in the treatment process or changes in treatment, lifestyle

changes, and age. While the preferred frequency of conversations

TABLE 4 AYA recommendations to clinicians on how to improve
SRH communication (Theme 4)

Recommendation Representative quotations

Initiate the
conversation

I feel like if they brought it up first, it would
just be easier to talk about it rather than
having to bring it up themselves. (19, F,
Hodgkin lymphoma)

Yeah, I definitely say that would be easier
because I could answer questions about
that but like starting a conversation about
it would be kind of difficult andmaybe a
little weird. (19,M, brain tumor)

Offer time alone That kind of standardizes it andmakes it
some good back time to kind of talk to
them, and if not, you're right, whether it's
about reproductive health or whether it's
about some particular embarrassing side
effect or something. (24, F, leukemia)

Yeah, I don't know if there's a certain age
where you can start doing that but it
definitely would have been nice during the
whole treatment if she could have talked
tome like one on one, just because I felt
overwhelmed sometimes, like having to
worry about asking anything if my parents
were there. (18, F, Hodgkin lymphoma)

Normalize Because they have like a series of regular
questions they ask. I'm sure you know
that. They kind of go through—are you
going to the bathroom okay—everything
like that. So if they just threw that in there,
I would have gotten used to it real fast.
(18, F, Hodgkin lymphoma)

Engage in ongoing
conversation

Just to know all of the things that could be
affecting and just to get the information
on that, definitely in the beginning, but I
think that it should be an ongoing
conversation. (18, F, Hodgkin lymphoma)

When they are diagnosed. That's when I
think this is stuff you to know. Like they let
me knowmost of the things when I was
diagnosed. (Helpful to discuss during
treatment?) Yeah, when I was diagnosed I
had a boyfriend.Well, I still do. But some
peoplemay get a boyfriend along theway.
Or anything can happen. (18, F, Hodgkin
lymphoma)

Individualize Yeah, I guess it kind of depends on the age,
but I think talking about puberty would be
important because that's hard for
everyone…And if someone's actively
dating and stuff and then like safe sex
would be good to talk about. But it just
depends on the person andwhat they
need. (21, F, brain tumor)

Directly
communicate
with AYA

I would say just my doctor tellingme
straight out. I don't think I really paid that
much attention to packets that I was
given. (21,M, leukemia)

F, female; M, male.

varied amongst participants, AYAs emphasized the importance of

ongoing SRH conversations throughout cancer care.

The majority of AYAs expressed a preference for direct, in-person

conversations about SRH issues with their oncology clinicians. AYAs

also acknowledged a clear preference for oncology clinicians to engage

in these conversations as opposed to other health care providers, as
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expressed by an 18-year-old young woman with Hodgkin lymphoma,

“They obviously have the most knowledge when it comes to cancer-

related issues, and I don't think that like necessarily your pediatrician

might know those things.”

4 DISCUSSION

This study explores AYA attitudes and experiences with SRH commu-

nication in the pediatric oncology setting. While prior studies focus

on discussion around fertility and fertility preservation practices, we

explored the broader scope of SRH communication, including conver-

sations on risk behaviors, contraception, and sexual function. AYAs

agreed that SRH communication is important, that oncology clinicians

should play a key role in talking about SRH issues during and after can-

cer therapy, and that current conversations often lack depth and scope.

Participants provided key recommendations to clinicians on how to

improve SRH communication.

Consistent with prior research, our data demonstrate that AYAs

want to engage in SRH conversations.4,37 In our prior work looking at

clinicianperspectives onSRHcommunication, clinicians acknowledged

their role in initiating SRH conversations because they often assume

the role of the primary care provider (PCP) during treatment.31 Clini-

cians also emphasized their responsibility because of the concern that

PCPs may simply not be aware of the risks and unique health con-

cerns incurred both during and after cancer treatment, and how these

must be factored into SRH counseling. These observations are sup-

portedby theAmericanAcademyofPediatrics (AAP),which states that

pediatricians should provide SRH-related information and services for

male and female AYAs, including discussion of sexuality, sexual health

promotion, and risk reduction.38 The National Comprehensive Cancer

Network states that “fertility preservation as well as sexual health and

function should be an essential part in the management of AYAs with

cancer,” highlighting the need for routine conversations.39 Such care

may be compromised during cancer treatment if the oncology clinician

fails to discuss these topics with patients.

The limited extent and content of SRH conversations reported by

AYAs were not surprising, and are consistent with clinician report.31

Remarkably, no study participants described conversations about

potential future complications of treatment on sexual health, sex-

ual function, or impact of treatment on puberty/sexual development,

which is critical as upwards of 30% of child and adolescent cancer

survivors will experience problems with sexual function.40,41 Given

that AYAs are uncomfortable initiating such conversations, they are

at risk for worsening dysfunction due to lack of care.24 This poor

communication may lead patients to assume that sexual dysfunction

and treatment-related problems cannot be addressed. Unfortunately,

these problems do not improve over time if left unaddressed, as there

is no point of plateau in sexual late effects for AYA cancer survivors.42

Unresolved sexual dysfunction can go on to have a significant negative

impact on quality of life.43,44 Clinicians must therefore be equipped

with the skills to initiate and carry out SRH conversations, as well

as support patients in seeking appropriate care for SRH concerns as

needed.

Issues related to sexuality and sexual health can be challenging

for many AYAs to discuss, especially with older persons or authority

figures.45 For clinicians, this discomfort largely stems from lack of edu-

cation on SRH issues relevant to the AYA patient with cancer and need

for strategies on how to manage these conversations.31 The presence

of parentsmay be effectively addressed by clearly communicating that

the structure of AYA visits includes time alonewith the clinician. This is

consistent with AAP recommendations that pediatricians should pro-

vide confidential time during health maintenance visits.38,46 As the

oncologist often assumes the role of the PCP during treatment, this

responsibility does fall to the oncology clinician. This kind of visit struc-

turenotonlyprovidesprivacy todiscuss sensitive subjects but also cre-

ates a safe space to enhance therapeutic alliance and to help the AYA

patient take ownership of his or her medical care.38,47

Outside of fertility, educational resources for AYAs with cancer

targeting disease-specific components of SRH are currently lacking.

Development of such tools is complicated by the heterogeneity of

cancer diagnoses in this age group and disease- and treatment-specific

potential complications, both short and long term. However, the

creation of similar materials targeting fertility in the AYA cancer pop-

ulation strongly supports the potential feasibility of this approach.48

Interventions designed to enrich the interactions between patients

and clinicians can improve health-related outcomes, notably those in

which clinicians are provided with a screening form or questionnaire

completed by patients prior to a visit.49 Developing a previsit checklist

in which AYAs select specific topic areas of interest or concern prior

to meeting with a clinician may help facilitate focused conversations,

thereby better meeting patient need as well as supporting effective

time management in a setting where many topic matters may warrant

discussion. Future research efforts may consider adapting established

models used in general adolescent medicine for patient-clinician dis-

cussion of psychosocial health topics including SRH, such as the AAP

Bright Futures previsit questionnaires or the HEAADSSS psychosocial

assessment tool.50,51

Prior research suggests that many oncology clinicians do not

receive training nor are comfortable with having SRH conversations

with AYA patients.31 These fall in line with reported barriers to

fertility-focused conversations as well as those reported by subspe-

cialty pediatric clinicians in other disease areas such as cystic fibrosis

and infectious disease.52–54 Collectively, these data highlight the need

for amultidisciplinary approach to SRH communication and education,

aswell as suggest potential for the development of intervention strate-

gies that span subspecialty disciplines.

Clinician education should build upon current discussions of fer-

tility risk and preservation strategies to include safe sex practices

during therapy, contraception, and increased risk for sexually trans-

mitted infections.12,55 Education interventions must also address

AYAs’ elevated risk for sexual dysfunction during and after cancer

treatment.24,37,41,56,57 Given the physical and emotional implications

of sexual dysfunction, it is imperative for oncology clinicians to address

sexual health for the purposes of early detection of patient problems

and intervention.

Prior research demonstrates the efficacy of using scripts to help

facilitate clinician comfort with fertility conversations, which suggests
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TABLE 5 Examples of applying the five As communication framework to SRH conversations with AYAs

Description Sample phrasing and/or action step

Ask Introduce topic of sexual health and
ask for permission to proceedwith
the conversation.

“Many AYAsworry about how cancer will affect dating and relationships. I would
like to take some time today to talk about this. Is this okay with you?”

Advise Provide brief overview on specific
sexual health topics.

“While sexual and romantic relationshipsmay still continue or develop during
cancer therapy, there are a few things that are important for you to know.”

Tailoring to patient need, may discuss:

• Puberty/development

• Contraception

• Safe sex practices

• Sexual function

Assess Assess with additional questions as
needed.

“I have a fewmore questions that will help me understand how you are doing
currently so I can give you information that you need to keep yourself as
healthy as possible through treatment.”

Assist Assist with resources as indicated. Provide resources/referrals as necessary (urology, OB/GYN, reproductive
endocrinology, adolescent medicine, psychology)

Arrange
follow-up

Arrange follow-up visit to review
identified problems or concerns.

Initiate the conversation.
Identify additional resource needs.

similar strategies may be applicable to the broader spectrum of SRH

issues.58 Bober et al. developed the five As (Ask, Advise, Assess, Assist,

and Arrange) communication framework to facilitate conversations on

sexual function (Table 5). Future research should explore the adaptabil-

ity of this mode to the AYA patient population.43 Additional communi-

cation frameworks for consideration include the extended PLISSIT and

five Ps.38,59 These approaches fall in accordance with AYA recommen-

dations for improved SRH communication by encouraging the clinician

to initiate the conversation, normalize SRH discussions, individualize

the conversations to specific patient needs, and directly communicate

with the patient rather than rely on a handout or website link alone.

There are several limitations to this study that should be noted. It

represents a small sample of AYA patients and early survivors from a

single institution in the Northeastern United States, which may not

be reflective of all AYAs with cancer. It is possible that increasing the

number of participants and/or broadening the geographical range

may result in the identification of additional themes. Specific cancer

diagnoses, stages of treatment, and ages at diagnosis varied, but due

to a small sample size, interviews were not analyzed separately for

the effects of these factors on SRH communication needs. Only 41%

of the AYAs approached agreed to participate in the interview; the

reasonswhy amajority of AYAs declined participation remains unclear,

which could suggest the results reported here are not applicable to all

AYAs. Additionally, those patientsmore interested in SRH and/ormore

comfortable broaching the subject may have biased patient-reported

suggestions for improvements in SRH communication.

AYAs identify a key role for SRH conversations in comprehensive

cancer care. Currently, multiple barriers interfere with such discus-

sions taking place on a regular basis. Future efforts must focus on

clinician education and training in SRH communication along with

education and intervention opportunities targeting AYAs experiencing

SRH issues to optimize the care provided to this unique patient popu-

lation. Researchmay also explore the role of additional teammembers

in facilitating SRH conversations, including nursing, social work, and

psychology.
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Abstract

Reproductive health consistently ranks as one of the most important issues cited by adolescent and young adult (AYA) cancer survivors.
Most literature on AYA cancer populations neglects broader reproductive health issues such as unintended pregnancies, contraception use
and sexually transmitted infections, which, for cancer patients and survivors with compromised immune systems, can facilitate a multitude of
future health problems. Lack of attention coupled with traditional risk-taking behaviors of AYAs poses a significant health risk to patients
and survivors, particularly if fertility status is unknown or inaccurately assessed. AYA oncology patients and survivors are vulnerable to
reproductive health complications that should be addressed prior to, during and after treatment; however, there are currently no tracking
systems or evidence-based guidelines to discuss this subject with patients and survivors. Further research is needed to identify physician
practices, AYA preferences and strategies for communication that can pave the way to establishing guidelines to discuss in oncology settings.
© 2013 Elsevier Inc. All rights reserved.
Adolescents and young adults (AYAs) with cancer are
uniquely redirected from experiencing traditional milestones
as do their healthy peers. AYAs are populations between the
ages 15 and 39 years as designated by the National Cancer
Institute [1]. Despite these deviations, AYAs with cancer
continue to have many similar desires as their healthy peers
do for the future. A variety of services are available in
hospital and community settings that aim to assist the
patient and family in maintaining normalcy both during and
after treatment [2–5]. One traditional milestone for AYAs in
the general population is the task of negotiating simulta-
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neous developments of physical maturation, psychosexual
identity and romantic relationships. Because of this, younger
AYAs are often targeted for various sex education strategies
aimed at reducing the risk of unintended pregnancy and
sexually transmitted infection (STIs) via increased contra-
ception use [6–8].

Despite the need for reproductive health education in the
AYA population at large, this information is not relayed
effectively in the AYA cancer population, who are
exceptionally vulnerable to complications from unintended
pregnancies and STIs, and can have serious medical
contraindications between their cancer treatment and chosen
contraception [9,10]. With the increased attention on risks to
fertility from treatment, the broader issues of reproductive
health should be recognized as an additional area of focus.
The purpose of this commentary is to detail these broader
reproductive health needs and to emphasize a call for
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research that will fuel the development of standard practice
guidelines for AYAs on treatment or surviving cancer,
regardless of setting or schedule.
1. Sex education

Sex education encompasses a variety of topical instruction
on development. This includes sexual activity, anatomy,
hormones, reproduction, reproductive rights, contraception
and psychological issues such as body image [11]. Particularly
for cancer patients, sexual dysfunction as a result of systemic
treatment is also relevant. High rates of sexual activity within
the general AYA population have spurred the creation and
distribution of a variety of educational interventions such as
community outreach programs, informational brochures
distributed at clinics and health curriculum in many public
schools. The Youth Risk Behavior Surveillance Survey
reported in 2008 that, among adolescents aged 15–19 years
in the United States, 48% have a history of sexual intercourse
[12]. A diagnosis of cancer and its treatment can interrupt
normative developmental trajectories for AYAs. Because of
this, chronically ill AYAs are often viewed as asexual and too
preoccupied with diagnosis and treatment to be interested in
social and sexual relationships [13]. This can be a negligent
assumption and leave important needs unattended, particularly
when recent research finds no differences in sexual behavior
among AYA survivors and their siblings [14]. Each year,
almost 750,000 females aged 15–19 years become pregnant
[15], pregnancies among cohorts of over 1000 survivors of
childhood and adolescent cancer range from 47% to 70%
[16,17] and pregnancy rates among AYAs with active cancer
are not tracked. The American Academy of Pediatrics and the
American Congress of Obstetricians and Gynecologists
provide professional guidelines detailing the responsibility of
health professionals to offer comprehensive reproductive
health services to AYAs such as sex education, counseling
and contraception awareness [18,19], which may result in
increased contraceptive use and fewer unintended pregnancies
[20]. AYAs in the cancer population should not be forgotten.

Multiple encounters with the treatment team represent
multiple missed opportunities to address the reproductive
health needs of this population. The chaos of a cancer
diagnosis can contribute to the lack of attention to these
matters, which can be further confounded by the idea that
this population is not healthy enough or otherwise not
interested in sexual relationships.

An additional reason why sexual education should be
present in the oncology setting is that traditional risk-taking
behavior in the AYA population may be exacerbated by a
cancer diagnosis. A national French survey found that
chronically ill AYAs have been reported to engage in early/
risky sexual behavior in order to experience fulfilling sexual
relationships before death [21]. This suggests a desire to
regain a sense of ‘normalcy’ during a troublesome time;
AYAs with cancer may in fact be more susceptible to this
risk-taking behavior or, at least, equally as likely as their
healthy peers. Despite the increased health vulnerability of
AYAs diagnosed with cancer, such risk-taking behaviors
have the potential to compromise their health status through
unintended pregnancies, contraction of STIs and underuse of
contraception. The same sexual education offered to AYAs
in the general population is severely lacking in oncology
settings, which we know is a particularly vulnerable
population. Oncologists, child life specialists, psychologists
and social workers are uniquely positioned to provide this
education, which includes information on unintended
pregnancies, STIs and contraception use.
2. Unintended pregnancy

Unintended pregnancy in the general teen population has
significant social, familial and emotional consequences.
Finer and Zolna [22] found in 2011 that approximately 49%
of pregnancies in the United States each year are unintended.
Among otherwise healthy teen mothers, there is also a
tendency toward a variety of socioeconomic outcomes such
as low educational attainment, low rates of marriage and low
financial stability [23,24]. Psychological complications
including depression may arise due to the competing
demands on a young mother: school, family, peer relation-
ships, romantic relationships and pressure to provide
financially, all while experiencing physical and biological
changes [25]. Pregnancy among AYA cancer survivors has
been reported on in the literature [26]; however, less
attention is given to AYA cancer populations on active
treatment despite the significant health risks a pregnancy
may impose for the patient and offspring. Cancer treatments
including antimetabolites, alkylating agents and radiation
have known teratogenic risks to a developing fetus, ranging
from spontaneous abortion to severe congenital malforma-
tions [27]. These teratogenic and mutagenic fetal defects
have been observed in adult oncology populations [28].

Considering these risks, females who become pregnant
while receiving oncology treatment are often recommended
to either terminate the pregnancy or delay treatment [25].
However, the similarities between side effects of chemother-
apy and pregnancy such as fatigue, nausea and disruption in
menses can cause a pregnancy to be overlooked, thus placing
the mother and developing fetus at significant health risk.

Female patients have been shown to overestimate their
chance of becoming infertile from treatment [29], which may
encourage risky sexual behavior. For AYAs actively
receiving cancer treatment, an unintended pregnancy, thus
a high-risk pregnancy, elicits a variety of decisions an AYA
may not be emotionally prepared to make, such as
discontinuing treatment, terminating the pregnancy, risking
miscarriage or risking congenital abnormalities. For AYA
cancer survivors, an unintended pregnancy could occur
when the survivor is not financially or emotionally prepared
to be a parent.
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3. Sexually transmitted infection (STIs)

AYA survivors and those undergoing cancer treatments
may have greater physiologic susceptibility for STIs due to a
cluster of risk factors including compromised immune systems
and cognitive, behavioral and psychological factors specific to
AYA cancer survivors. Bacterial STIs, such as chlamydia and
gonorrhea, can have enhanced impact on patients who are
already neutropenic or have renal/respiratory complications.
The long-term effects of STIs impair the ability of the immune
system to operate in the usual way, enhancing chemotherapy's
impact on healthy white blood cells and increasing the risk of
infection, clotting and decreasing oxygen intake [30]. As such,
STIs may cause immediate physical complications specifically
for AYAs with cancer. Furthermore, individuals with STIs
have been noted to have a compromised reproductive
potential, such as damage to the fallopian tube due to
chlamydia infection [31]. Emerging research highlights the
existing risks to fertility from cancer treatment [32,33], and
coupled with the fertility risks of some STIs, a discussion is
warranted in oncology settings.

A treatment team that omits discussions about risks of
contracting STIs due to perceived irrelevance or simply does
not think of STIs in an oncology setting could position the
patient for future grievances over the loss of biological
parenthood. The literature has shown that cancer-related
infertility is associated with high rates of distress, depression
and grief among survivors [34]. With many patients already
being at risk for compromised fertility from their treatment,
STI contraction is a risk that can be controlled with proper
education and awareness.

Conversations about STIs during cancer treatment are
likely to be low on the list of priorities among providers
treating AYAs with cancer, as the primary concern is
typically placed on therapy administration [35]. STIs are a
relevant matter for AYAs due to their increased health
vulnerability secondary to cancer treatment, especially with
the high incidence rate in the general population of over 9
million new cases reported each year occurring among 15–
24 years old in the United States [36]. It is important to have
conversations about STIs in an oncologic setting so that
patients can be made aware of their specific susceptibility
and treatment contraindication. This can be achieved through
rigorous basic science and health communication research
that examines the impact of bacterial and viral STIs on
cancer patients throughout their plan of care and details the
manner in which information on risks should be relayed.
These are the first steps in increasing the provision of
comprehensive cancer care.
4. Contraception

The use of contraception is one of the largest sexual
health initiatives worldwide [37]. Contraception discussions,
medical contraindications and use are significantly under-
studied in AYA cancer populations. General recommenda-
tions for contraceptives to AYA cancer patients and
survivors may not always be in a patient's best interest due
to varied interactions with treatments and long-term
maintenance medication. AYAs with cancer have unique
contraception needs, and some types can have interactions
with cancer treatments. For example, certain chemotherapies
have been shown to decrease bone density due to
antimetabolites in conjunction with corticosteroids [38];
therefore, use of female injectable contraceptives, which may
also decrease bone density [39], should be discouraged.
Additionally, estrogen and progesterone receptive-positive
tumors such as some breast cancers grow in response to the
introduction of these hormones.

About 10 million women in the United States take a
combination oral contraception pill with both estrogen and
progestin [40], which would also warrant a discussion with
an oncologist if diagnosed with cancer. Alternatively, male
condoms have no medical contraindication and can be
recommended to most adolescent cancer patients along with
proper instruction to avoid unintended pregnancies and skin-
to-skin transmission of STIs. Though no formal guidelines
exist, many pharmaceutical companies have disclaimers on
the web sites of individual chemotherapy drugs regarding
potential concomitant interactions with steroid contraceptive
use. It should not be assumed that, after a cancer diagnosis, a
patient will visit the web site of their preferred contraception
brand. Instead, physicians are in the optimal position to
discuss contraception use and contraindications. Addition-
ally, physician recommendation is often cited as the best
predictive factor of patient compliance for contraception use
[41], and most AYA cancer patients rely on their oncologists
for primary care, psychosocial and educational needs.

Discussions about contraception are necessary throughout
the life span of the patient. For cancer survivors, some may
experience temporary infertility and spontaneously regain
reproductive potential later in life [42]. Even if the
chemotherapy used carries a high risk of premature
menopause, ovarian dysfunction, azoospermia or other
gonadal damage, consistent screening of ovarian function
and sperm motility coupled with contraception is recom-
mended. Spontaneous recovery of reproductive potential
should also be discussed prior to treatment.

Misconceptions regarding the sexuality of AYA cancer
patients and their desire to reach similar sexual milestones
as their healthy peers may inhibit discussions of contracep-
tive use for the AYA cancer population. An overshadowing
focus on survival, assuming cancer patients are not
interested in sex, decreased social opportunity secondary
to cancer treatment, opinions from parents and cultural
taboos of teen sexuality present barriers to conveying
medically imperative information to teen cancer patients
regarding sexual behavior and contraceptive methods.
Research indicates that adolescents with a chronic illness
are at least as sexually active as their healthy counterparts
[14,43,44]. Reduced communication practices are of
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concern, as adolescents may misconstrue a temporary
treatment-related infertility as offering later protection for
pregnancy similar to contraception.

4.1. The need for reproductive health discussions

AYAs experience psychological impacts from the cancer
experience, not solely from the treatment itself. These
impacts are often intertwined and continue to affect
psychological outcomes during survivorship. Psychological
outcomes include a variety of emotions during treatment,
which include negative body image, loss of self-confidence,
hopelessness and anxiety regarding sexual dysfunction.
[45,46]. Such psychological stressors have been evidenced
as precursors in the general adolescent population for
dysfunctional sexual patterns including promiscuity due to
poor body image and having sex out of loneliness [47,48].

It is difficult to identify when and who should discuss
reproductive health issues as a variety of health care
professionals have multiple yet varied interactions with
patients and families. Clinical teams have unique profes-
sional roles and provide distinct services across therapeutic
disciplines, while psychosocial teams are highly trained at
delivering sensitive information and working within a realm
of confidentiality that may enhance a patient's willingness to
discuss reproductive health.

The role of the parents must also be acknowledged in this
multilayered discussion. Some parents may be weary of
consenting to a discussion about STIs and contraception
especially at the time of diagnosis and particularly
discussions for younger adolescents who have not yet
discussed sexual behavior with their parents. For cautious
parents of minors, the discussion could be offered as an
extension of what the child most likely already learned in
health class, tailored for the appropriate developmental level
depending on amount of education. The information
provided, however, in the oncologic setting will be
specialized to the AYA's situation and diagnosis: a much
more personalized approach to a general health class.
Improved psychosocial outcomes are associated with
advance knowledge, which improves decision making and
being treated as an equal partner in decisions [49,50]. Should
parents be consulted prior to discussing reproductive health
issues with their minor child? Yes. Should the health care
professional advocate on behalf of the patient? Absolutely.
5. Guidance and next steps

Despite research on reproductive health in the general
AYA population, research on sex education, unintended
pregnancies, STIs and contraception in the AYA oncology
population is lacking. The oncology community has recently
identified and confirmed the need to discuss potential threats
to fertility based on cancer treatment [51], prompting the
inclusion of these risks in the standard consent for treatment
at many institutions. Additional sexual issues need to also be
considered, as cancer patients have been shown to search for
a symbol of ‘permission’ from their medical team to discuss
sexual concerns [52]. At the time of discussing risks to
fertility, this may also be an ideal time to discuss
reproductive and sexual health to ensure that because there
may be a potential risk to fertility, it does not become
misinterpreted to promote risky sexual behavior.

Preceding these initial discussions, sexual education
should be reinforced throughout treatment and follow-up to
ensure safety of the patient, both physically and psycholog-
ically. Research is vital to the consistency of delivering these
messages, and there are multiple areas of focus for sexual and
reproductive health research among AYA cancer patients:

• Formative research should guide the development and
implementation of institutional policies regarding
reproductive and sexual health discussions with all
AYA cancer patients.

• Basic science research that examines contraception
contraindication particularly hormone-receptive tu-
mors in AYAs and the impact of bacterial and viral
STIs on patients in relation to the specific cancer type
and therapy, including medication for late effects.

• Treatment teams need guidelines on which messages
should be delivered at which points in cancer therapy,
new diagnosis vs. on-treatment vs. survivorship and
what impact does this have on behavior.

• Further research is needed to identify barriers to
discussions of reproductive and sexual health, how and
when to involve parents and approaches to initiate
conversations based on physical, emotional, cognitive
and psychological development of the patient.

• Training should be provided to health care pro-
fessionals to increase awareness, comfort and compre-
hension during reproductive health discussions,
particularly with nurses and psychosocial staff who
have been shown to be appropriate resources.

• A registry should be established to track rates of
STIs, unintended pregnancies and contraception use
in this population.

• Evidence-based resources that detail contraception
contraindication obtaining STI screening tests and
other reproductive and sexual health needs including
education materials on the risks and outcomes of
unprotected sexual behavior while on treatment should
be available at the treating institution.

These interventions coupled with staff, patient and parent
vigilance could significantly impact reproductive health
among AYAs with cancer in a positive way.
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Introduction

The unique needs of adolescent and young adult (AYA)
oncology patients have been identified through research

and well described in the literature.1–4 Defined as individuals
aged 15–39 years, these patients benefit from age-appropriate
multidisciplinary care with attention to psychosocial, fertil-
ity, financial, and physical effects of cancer, from diagnosis
through survivorship. These are termed the pillars of AYA
care. With the goal of improving outcomes for the 72,000
AYA patients diagnosed with cancer every year in the United
States, AYA programs are being developed.

Organizations such as Teen Cancer America (TCA, www
.teencanceramerica.org) and Critical Mass (criticalmass.org)
provide advocacy, collaboration, and resources for personnel,
as well as physical space for AYA patients at major medical
centers. Early reports of successful programs have been miti-
gated more recently by recognition of real barriers to suc-
cessful program development, prompting an ongoing national

dialogue. This article seeks to examine our institution’s model
and offer solutions to overcome real and perceived barriers to
optimal AYA oncology care.

Specifically, we examine our institution’s model that in-
volves a pediatric oncologist AYA champion employed
within an adult cancer center, which we term the Immersive
Model. This differs from other models that typically sepa-
rate pediatric and adult oncology by building and department
or medical group. Traditionally, AYA programs have been
created to bridge the gap between pediatric and adult centers,
often using acute lymphoblastic leukemia (ALL) care as a
model. Pediatric oncologists would expand the age of pa-
tients seen upward, to provide direct care or participate in
tumor boards with adult medicine colleagues. There is a data-
driven consensus in the pediatric oncology community that
so-called pediatric-inspired regimens improve outcomes for
AYA patients compared with standard adult approaches for
ALL and a perception that the medical oncology world has
been slow to universally adopt these regimens with variation
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in levels of adoption across centers.5–8 Controversy regarding
the optimal treatment for ALL continues at many centers,
causing AYA program growth to be hindered.

Moffitt Cancer Center (MCC) is a National Cancer
Institute-designated Comprehensive Cancer Center based in
Tampa, Florida that is uniquely organized by multidisci-
plinary disease teams rather than the more traditional model
of departments of medicine, surgery, and other specialties.
Thus, it is common for physicians to report to chairs with
different, medical, or surgical, for example, board certifica-
tions and training than their own. The AYA program at MCC
is led by a pediatric oncologist who reports directly to the
chair of the Sarcoma Program, who is a surgical oncologist.
MCC does not have a pediatric oncology practice and does
not routinely care for patients under 15 years of age, although
disease-specific expertise may be provided on a case-by-case
basis, with administrative approval.

MCC sees *16,000 new patients each year, with over
1500 of these new patients ranging from 15 to 39 years of age.
This means that 100–125 unique AYA patients visit MCC
each day, and 10% of inpatient beds are occupied by AYA
patients. This volume prompted an administrative decision to
contribute hospital resources to AYA patients, with coordi-
nator support. Clinically, the Immersive Model began at

MCC with a pediatric oncologist from All Children’s Hos-
pital providing care to sarcoma patients up to 40 years of age
with select diagnoses. The program continues to collaborate
with Johns Hopkins All Children’s Hospital in a variety of
ways, including several ongoing research collaborations and
multiple physicians with clinical privileges at both facilities.
Other groups, bringing broad and necessary expertise, began
participating in the program (Fig. 1). MCC has grown to a
multidisciplinary AYA Committee that is structured with five
subcommittees that focus on: fertility, research, patient edu-
cation, social events, and psychosocial issues. The entire group
meets monthly in an open forum to share communication and
discuss opportunities, provide updates on new and ongoing
committee initiatives, and review factors that facilitate and
obstruct local AYA care.

While adult oncology care centers have clinical expertise
regarding several AYA cancer types, such as cutaneous ma-
lignancies and carcinomas, it is less common for an AYA
program to be established within an adult facility.9 We have
found that our model has, thus far, largely addressed the
common barriers encountered when AYA oncology is shared
between pediatric and medical providers or with informal
programs. We offer here the results of an interdepartmental
discussion to identify barriers and assess our program’s model

FIG. 1. AYA Program Organizational Chart: The AYA program incorporates many disciplines and areas of expertise
together across traditional cancer center departments. AYA, adolescent and young adult.
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in terms of addressing AYA oncology care. We report on how
our immersive AYA oncology program has addressed com-
mon barriers, real and perceived, that often affect the provision
of quality care for AYA patients with cancer.

Barrier 1: Turf War—Medical Oncology
Versus Pediatric Oncology

Lack of time from the medical oncologist due to over-
whelming patient care responsibilities is often misperceived
by pediatric oncologists as a lack of interest in young adult
patients. (Medical oncologist involved in AYA program)

Most clinicians familiar with AYA oncology are aware of
the turf war regarding whether pediatric or medical oncolo-
gists are better suited to treat AYA patients. It is important to
discuss and better understand the perceived and real differ-
ences between the disciplines regarding the approach to care,
philosophies of care, and expectations of the systems in
which pediatric and medical oncologists train and practice, to
avoid antagonism and promote collaboration. Typical pedi-
atric oncology programs consist of a relatively small group of
physicians who maintain broad expertise in benign hema-
tology and general oncology (Fig. 2A). The average practice
will see *50 to 80 new oncology patients per year, with over
half typically having leukemia or central nervous system
malignancies. Because of a successful history of improving
outcomes through multi-institutional collaborative clinical
trials, care standards are relatively uniform across institutions
and typically based on the most recently completed clinical
trial results or on active clinical trials.10

Acknowledging that the majority of adult patients are
cared for in the community rather than Comprehensive Care
Centers, we describe the structure at MCC. There is an en-
trepreneurial spirit endemic to Comprehensive Cancer Centers,
which are likely to have adequate patient volumes and lower
baseline survival rates that support single-site investigator-
initiated trials, which are frequently prioritized over coopera-
tive group trials (Fig. 2B). In terms of patient volume, medical
oncologists have perpetually full schedules, often with waiting
lists, in contrast to the limited number of available patients to
be seen by typical pediatric oncologists. Generally, *7% of
the average medical oncologist’s 400 new patients seen an-
nually are in the AYA age range (Fig. 2A).

AYA needs may be missed or not prioritized due to the
competing demands of the institution and individual physi-
cian to increase efficiency, reduce costs, and maintain patient
satisfaction. This reality may be perceived by the pediatric
community as a lack of understanding and compassion to-
ward the younger population. The AYA oncology provider
community knows all too well that these patients require
more resources for a given diagnosis for a number of reasons,
including, but not limited to, having less knowledge and
experience of healthcare, less insurance coverage, and/or
greater psychosocial needs. Under the current framework,
with a likely worsening trend, the medical oncology com-
munity may not be properly equipped to provide the extra
time and resources needed for the AYA population. We do
not believe that only pediatric oncologists can or should lead
AYA programs. Indeed AYA leaders have emerged from
multiple disciplines not limited to physicians and thus we do
not believe program development necessarily starts with a
pediatric oncologist. Within an adult cancer hospital system,
the AYA leader should be willing to engage interdisciplinary
teams, articulate a vision, and put forth the effort to see
projects from inception through completion.

During the preparation of this article, nearly every physi-
cian confirmed that differences between a pediatric and
medical oncologist’s training and schedule volumes were a
real and impactful barrier to providing care to AYA patients.
Interestingly, nonclinical staff typically viewed these dif-
ferences as a perceived barrier. This long-standing turf war
may not be understood by the whole clinical team and failure
to recognize this issue may adversely affect critical clinical
decisions. Inability to effectively acknowledge the clinical
cultures of pediatric and adult hospitals can hinder effective
AYA program building. Shared care of patients across our
institutions and venues, such as tumor boards, during which
face-to-face discussions routinely occur, have been effective
in creating collaborations. There is also discussion around
who should be writing clinical trials geared toward improving
the enrollment and outcomes of AYA patients. Currently,
there are ongoing efforts, models, and trials for this target
population.11,12

Barrier 2: Limited Resources for an AYA Program

It feels like I’m back in the college dorm again instead of a
hospital room. (AYA patient comment regarding the MCC-
Swim Across American AYA Lounge)

There are many unmet needs in the AYA population and it
can be daunting to try and address all of them when

FIG. 2. Barrier 1: Turf War or Differences between Pe-
diatric and Medical Oncology. (A) Approximate numbers of
patients, staff, and clinical trial enrollments at MCC and an
average pediatric oncology program. (B) Selected outcomes
for all pediatric cancers and selected, advanced-stage, high-
volume cancer diagnoses seem in the older population. MCC,
Moffitt Cancer Center. Source: Surveillance, Epidemiology,
and End Results (SEER) program (www.seer.cancer.gov).
SEER*Stat Database: Incidence—SEER 18 Regs Research
Data+Hurricane Katrina Impacted Louisiana Cases, Nov
2015 Sub (1973–2013 varying), National Cancer Institute,
DCCPS, Surveillance Research Program, Surveillance Sys-
tems Branch, released April 2016, based on the November
2015 submission. Stage at Presentation: Distant
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developing a program. Thus, AYA programs should be built
with goals that are consistent with local expertise and avail-
able funds, while aspiring to grow. Other AYA programs
have focused, and then reported, on advances of a single
pillar of AYA care, such as fertility,13,14 psychosocial care,15

survivorship,16 or trial enrollment.17 MCC’s AYA Program
was built with administrative support through institutional
funds and a local philanthropist’s commitment and then
sustained by additional gifts, ranging from several hundred
dollars to over a hundred thousand dollars (Fig. 3A). Im-
portantly, having a single leader for the AYA effort has
worked well with regard to patient and program needs, along
with setting realistic goals for the use of donated funds. We
also ensure timely communication to the donors regarding
how the resources are being used. MCC’s AYA Program’s
greatest expense is funding research collaborations (Table 1).
These joint research projects are intended to create positive
clinical change for AYA patients and have created sustained
collaborations with other disease-specific clinicians at the
institution.

One particular event that was emblematic of unexpected
productive collaborations with external funding sources was
the opening of the Swim Across America Adolescent and
Young Adult Lounge, built with insight from TCA (Fig. 3B).
This physical space was specifically built for and designed by
our AYA patients. While intended to improve upon patient’s
frustrations with inpatient admissions and to have a place

between outpatient appointments or during days when
needing to get away from the general hustle of a hospital, the
lounge has proven to be more than a room. It allows the
institution to better communicate the AYA mission. It re-
duces isolation and provides an organic space for in-patient
young adults to meet each other. Many anecdotes of lifelong
friendships starting in this space have been shared. Ad-
ditionally this has provided a better space for patients and our
recurring support groups, garnered media attention, and
played a role in encouraging philanthropic giving to the AYA
Program for additional initiatives.

Barrier 3: Communication and Engagement
with AYA Patients, Administration, and Staff

While initial awareness of AYA issues was limited among
MCC staff, several efforts have facilitated broader recogni-
tion and understanding of the program within the institution.
AYA education is now part of clinical mandatories, provided
as continuing education units at grand rounds, highlighted in
new staff orientation, and easily found in hospital-wide
directories and intranets. Members of the AYA Program
regularly present at different department meetings and clin-
ics. Our multidisciplinary AYA Committee is deliberately
composed of at least one representative from each area of the
hospital, so that there is an AYA champion who is familiar
and up to date with AYA-specific initiatives and can serve as

FIG. 3. Barriers 2 and 3: Needed Resources and Communication. (A) Sources of philanthropic funds for MCC AYA
program. Additional details about goals of gifts and projects supported in Table 1. (B) MCC Swim Across America AYA
Lounge. (C) Patient responses on preferred method of contact. Despite a majority indicating email as the preferred method,
(D) opened rates of email remain suboptimal and consistent across serial emails announcing educational or social events.
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a liaison. While training of these many disciplines might be
thought of as a strain on a nascent AYA program, we have
found that the AYA program has instead provided opportu-
nities for nurses to lead and learn from educational talks, and
have used AYA quality improvement projects to fulfill re-
quirements for advancement on their clinical ladders. While
day-to-day accomplishments can be difficult to articulate,
confirmation of the importance of the AYA program has come
through special mention of the program during our recent
successful Magnet designation, as well as the Cancer Center
Support Grant, which both recognized the trans-departmental
care teams and research the AYA Program has helped to fa-
cilitate. Furthermore, the AYA program has contributed to
timely and unanticipated alignment with MCC strategic ini-

tiatives, such as providing TCA grant support for a patient
navigation initiative along with identifying a pediatric oncol-
ogist to direct a growing AYA survivorship program.

Technology use and preferred means of communication
vary across the AYA age range. An AYA program needs to
add value and be visible to patients and staff. A current
barrier at MCC is the inability to create AYA-specific so-
cial media accounts. Consequently, this leaves a large gap
in information sharing. While the impression is that social
media platforms are AYA patients’ preferred methods of
communicating health information, an informal survey of
patients revealed email to be the only communication
method preferred by a majority of patients (Fig. 3C). De-
spite this preference, <15% of emails are typically even

Table 1. Adolescent and Young Adult Research and Programmatic Progress

Funded from Grants and Philanthropy

Source Period funded Purpose of funding Programs/projects funded at MCC

Gonzmart Family Foundation
www.richardsrunforlife.org

2011 to Present Research,
unrestricted

� Sarcoma: Osteosarcoma single
institution chemotherapy intensity
AYA and pediatrics21

� Ewing sarcoma disparities22

� Sarcoma/pathology: Ewing sarcoma
biomarkers23,24

� Sarcoma/M2Gen (www.m2gen.com):
Sarcoma endosialin expression25

� HOB: Fertility decision making with
meningioma26

� Gastrointestinal oncology: Colorectal
cancers (see Lewis Family Cancer Fund
below)
� HOB: Fertility27

� Cutaneous: AYA trial enrollment,
management of melanoma in younger
patients28–31

� Hematology: AYA outcomes32

Swim Across America
www.swimacrossamerica.org

2011 to Present AYA lounge and
events

Events, wellness fairs, program building,9

quality improvement,2,18,33–36 current
article, AYA pathway development

Teen Cancer America
www.teencanceramerica.org

2016 to Present Patient navigator
position, AYA
lounge

AYA lounge, current article, AYA health
navigator (2017–)

Bay Area Advisors
bayareaadvisors.org

2016 to Present Research, restricted Sarcoma research and survivorship
development

MCC Internal Grant 2015 to Present Assess patient
navigator position

HOB/supportive care: Distress and
navigation—can a navigator improve
upon current care?

Pinellas Partners
moffitt.org/give-back/join/
pinellas-partners

2016 to Present Research,
unrestricted

Survivorship development, osteosarcoma
research

Ros Miller Jilliansdream.org 2015 to Present Peer-to-peer support Development of peer-to-peer support for
patients and caregivers

Lewis Family Cancer Fund
www.facebook.com/
LewisFamilyCancerFund

2013 Research, restricted AYA colorectal cancers without
microsatellite instability have different
genetic changes than are found in older
patients with colorectal cancer37

Cure on Wheels
Cureonwheels.org

2014 to Present Fertility preservation Developed need-based financial support
for male patients with Department of
Social Work.

AYA, adolescent and young adult; HOB, health outcomes and behavior; MCC, Moffitt Cancer Center.
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opened by our patient population. (Fig. 3D). While we
continue to work to improve program communication with
patients, we have long recognized the critical importance
of connecting fellow AYA patients together. We have
reached out through educational and social events, holiday
parties, wellness fairs, and community partnerships with
consistent attendance (Fig. 4C). We plan to develop a web-
based peer-to-peer support application to pilot through a
consortium of AYA programs and to connect AYA pa-
tients. We intend this to be used for online facilitation of
support groups and to reach isolated populations such as
bone marrow transplant patients, using their cell phones or
other easily accessible devices.

While there are 100 AYA patients seen per day at MCC,
they do not crowd the lounge nor do they interact sponta-
neously. Generally, they prefer to spend as little time in the
hospital as possible and are focused on their treatment. A
patient’s sense of isolation and the clear benefit they could
have from meeting other AYA patients or a caring staff
member is the largest area of growth potential for the AYA
program at MCC. We believe there are numerous missed
opportunities to make these connections. While we have
many social workers that are enthusiastic about helping

AYA patients, ongoing feedback reflects that optimal use is
still a concern. Themes that emerge include the medical
teams only involving psychosocial teams with financial or
substance abuse problems and likely missing adjustment
disorders and other stressors that fall under the clinician’s
radars for concern, especially if not directly reported by the
patient.

Social work also perceives a need to train medical profes-
sionals to deal with an inherent discomfort of providing some
aspects of care for AYA patients. Improved opportunities for
social work to interact with the medical teams and patients at
multiple points in time along the cancer journey remain a
challenge. To more systematically assess new AYA patients
coming to our cancer center, we have collaborated with TCA
and hired a patient navigator who performs a telephone as-
sessment before the first visit and alerts social workers in the
respective clinics improving chances for an initial psychoso-
cial assessment for all AYA patients. During initial informa-
tion gathering performed at MCC in preparation for creating
the AYA Patient Navigator position, we interviewed AYA
patients on and off active treatment and stakeholders across
the hospital. It was determined that AYA patients at dif-
ferent points of treatment have different pressing needs.18

FIG. 4. Barrier 4: AYA Value. (A) An effort to bring AYA-specific aspects of care to community physician groups is our
AYA magnet, which also includes referral information. (B) MCC’s ongoing banking efforts have over 1000 tumor samples
in AYA patients aged 18–39 and more available normal tissue samples. (C) Attendance ranges at recent events.
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Active therapy patients had unmet immediate day-to-day
needs regarding reproductive health assistance, child care,
coordination of appointments, feelings of guilt about taking
away family and friends’ time, and feelings of isolation.
Off-therapy patients’ expression of unmet needs focused on
more global themes, including fear of recurrence, poor
communication with the healthcare team, education and
employment needs, and the desire to return to normal.

Our medical oncologist providers treating AYAs are
generally aware of reproductive health concerns if not the
details of generating a referral. Another AYA-specific com-
munication barrier frequently mentioned by our medical group
includes the dynamic of adding parents to the physician–patient
relationship. Identification of these needs ultimately helped
generate a job description and objectives for the AYA Patient
Navigator position. We were fortunate that this plan aligned
with the cancer center’s objectives and goals. We were also able
to secure additional grant funding to evaluate this intervention
and its effect on AYA patients’ experience with the AYA
program and overall quality of care.

In the community, we aim to inform providers, patients,
and healthy AYA-aged people about AYA oncology. The
AYA Program works with physician liaisons and regularly
communicates with the physicians who refer AYA patients.
MCC’s AYA program launched a simple campaign that in-
volved highlighting the ‘‘Important Considerations in Treating
Young Adults’’ (Fig. 4A) on a magnet, along with contact
information.

Barrier 4: Academic Value in AYA Programs
and Research Is Questioned

Our program aims to discover and implement methods to
improve care for AYA patients through research and quality
improvement. While some disease-specific departments at
MCC are a natural AYA fit based on their epidemiology, AYA
oncology is not universally accepted at MCC. AYA oncology
can be considered a nonviable academic track for promotions,
with limited opportunities for high-impact factor articles.
Recognizing this context from the program’s inception, plans
for broadening the AYA program beyond sarcoma patients
have been in place. These included reaching out early and
often to department chairs and interested faculty of all expe-
rience levels to share our ideas, solicit theirs, and ultimately
bring resources and energy to collaborations. We have asked
disease-specific AYA questions that could best be answered at
out cancer center. An expected and positive aspect of these
research-based collaborations has been the identification of
AYA champions within other departments. Importantly, this
resulting team has sustained our program and led to jointly
authored publications (Table 1).

Our Immersive Model creates a unique environment to
tackle important clinical questions in the AYA space. We
believe that a hospital with an AYA Program will provide
better care for AYA patients and that the existence of such a
program will entice patients to seek their care at that location.
Community oncologists with a better appreciation of the
unique needs of this population may be more likely to refer to
a Comprehensive Cancer Center with a well-established
AYA program. The best currency at MCC is a good scientific
question and the resources to answer it. Therefore, our AYA
program is built upon MCC’s collaborative culture to create

teams to answer such questions, and its goals include im-
proving patient care through research, thereby simulta-
neously creating academic value (Table 1). Ideas to enhance
future collaboration include organizing the AYA samples and
information from a larger cancer database, the Oncology
Research Information Exchange Network (oriencancer.org)
(Fig. 4B).

The Pillars of Care: AYA Patients Are Unique

Having discussed how the immersive model functions
at our center to address traditional barriers, we turn to
‘‘the pillars,’’ which are essential elements in an AYA
program, and discuss them within the model. AYA oncology
is inherently multidisciplinary, with the pillars of care tra-
ditionally associated with AYA program goals, including
psychosocial support, clinical care, clinical trials, financial
counseling, fertility counseling and preservation, research,
education, and survivorship. For context, the Health Care
Rights Initiative previously launched a Centers of Excellence
Program named Change it Back, as a way to structure AYA
programs on a national scale, but it is no longer active
(hcri.org/programs/change-it-back). To qualify as a Center of
Excellence, each program was to contain certain key ele-
ments, to include fertility counseling, health insurance and
financial counseling, clinical trial education and facilitation,
psychosocial support, and transition to surveillance and sur-
vivorship services. At MCC, our AYA committee is multi-
disciplinary and meets on a monthly basis with at least one
member from each pillar, with the addition of genetics, ad-
vocacy and community outreach, legal aid and vocation as-
sistance, contraception and sexual health, and political
lobbying. While some of these components may fall under the
larger umbrella of existing pillars, others may be better ad-
dressed by national AYA efforts, such as Critical Mass or the
Alliance for Fertility Preservation.

In accordance with guidelines from national cancer orga-
nizations, individual institutions are required to provide this
type of care to all AYA patients; however, many programs have
emphasized a subset of these pillars, developing expertise and
focus that can serve as a paradigm for others. We have several
near-term goals that include (1) building a regional AYA sur-
vivorship program that will transcend traditional hospital re-
ferral barriers by involving three regional pediatric oncology
programs, (2) identifying research opportunities across disease
specialties within the cancer center, (3) continuing to champion
fertility education, research, and advocacy, and (4) raising
money to support and sustain collaborative research through
grants and philanthropy.

Even when survivors receive long-term monitoring, there
is evidence that AYAs are ineffectively assisted or under-
served by available support services.1,19 The National Cancer
Institute’s AYA Health Outcomes and Patient Experience
study showed that over one third of AYA survivors reported
at least one unmet service need.20 Survivors with unmet
needs were found to have worse overall health-related quality
of life.20 Thus, while many of the survivorship issues common
to AYAs are similar to those of other age groups, specific AYA-
centric needs should be addressed. The survivorship pillar is
actively being addressed at MCC with the establishment of an
AYA-specific survivorship clinic staffed by a pediatric oncol-
ogist from a collaborating institution.
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Conclusion

The Immersive Model, embedding a pediatric oncologist
in an adult oncology setting, helps overcome typical barriers
that can hinder AYA Program development. Importantly, at
MCC we enjoy strong administrative support, have a collab-
orative multidisciplinary AYA Committee, maintain financial
support from the community, and have built a culture of team
science championed by the AYA program leader. We hope the
Immersive Model can aid other cancer centers in trying to
improve the multidisciplinary care needed to improve out-
comes and quality of care for this unique patient population.
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A B S T R A C T

Objectives: Sexual and gender minority (SGM) individuals experience cancer-related health disparities
and reduced quality of cancer care compared to the general population in part due to a lack of
knowledgeable providers. This study explored oncologists’ experiences and perspectives in providing
patient-centered care for SGM individuals with cancer.
Methods: We conducted a qualitative analysis of oncologists’ responses to four open-ended items on a
national survey eliciting their experiences, reservations, and suggestions in treating SGM patients.
Results: Over 50 % of the 149 respondents of the national survey responded to at least one open-ended
item. Many oncologists reported positive experiences reflecting personal growth and affirmative care
practices, such as open, non-judgmental communication, compassion, competence, and supporting
patients’ identity. There was a notable lack of experience with transgender patients in particular. Lack of
knowledge, interpersonal communication concerns (e.g., fear of offending patients), and micro-
aggressions (“don’t ask, don’t tell”) were identified as barriers to providing affirming care.
Conclusions: Oncologists recognize their knowledge deficits and need strategies to overcome
communication barriers and microaggressions among the cancer care team to provide SGM-
affirming care.
Practice implications: Curricula are needed to train oncologists in SGM healthcare needs and affirming
communication skills to facilitate patient-centered care for SGM individuals with cancer.

© 2020 Elsevier B.V. All rights reserved.
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1. Introduction

Sexual and gender minority (SGM) populations include, but are
not limited to, individuals who identify as lesbian, gay, bisexual,
transgender, and/or queer (LGBTQ), or whose sexual orientation
and/or gender identity or expression is not aligned with binary or
categorical constructions of sexuality, gender, or sex. Recent
estimates suggest 10.7 million adults (4.5 %) in the United States
identify as LGBTQ. [1] SGM populations experience health
disparities across a variety of health-related domains, including
* Corresponding author at: NYU Grossman School of Medicine, 462 First Avenue,
NBV 9N1-C, New York, NY 10016, USA.
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cancer [2]. Cancer-related disparities specific to SGM populations
include higher prevalence of cancer-related behavioral risk factors
(e.g., cigarette smoking) and lower utilization of cancer-screening
and other health services than their heterosexual and cisgender
counterparts [2–5], which may contribute to poorer outcomes and
higher rates of late-stage diagnoses [6].

Patient-centeredness is essential to delivering high-quality
oncology care; [7,8] however, SGMs report lower satisfaction with
the health care they receive, suggesting care may not be tailored to
their expectations which in turn can affect their experience across
the cancer care continuum [9,10]. The U.S. Department of Health
and Human Services, the National Institutes of Health, and the
American Society for Clinical Oncology, among other organizations
recommend several strategies to reduce health disparities among
SGM populations including patient education and support,
nces caring for LGBTQ patients with cancer: Qualitative analysis of
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provider workforce development, quality improvement, institu-
tional policies, expanding knowledge in cultural competency and
capacity building to provide quality care [11–13].

To execute the aforementioned recommendations in the
oncology care setting, it is important to understand oncologists’
perspectives on caring for SGM populations and their level of
comfort with prior training in this context. We conducted a
national survey to improve our understanding of oncologists’
training needs, which included quantitative questions about their
knowledge and attitudes, as well as open-ended questions on their
experiences with SGM populations as well as barriers and
strategies for providing patient-centered care for SGM popula-
tions. The published quantitative results [14] indicated comfort
with sexual minorities and to a lesser extent gender minority
(transgender, non-binary) patients, and despite overall low
knowledge, oncologists demonstrated high interest in receiving
education regarding LGBTQ patients’ needs. The current study
presents the results from the qualitative analyses of the
oncologists’ responses to the open-ended questions. Together,
these data can inform the development of future strategies and
interventions for improving care for SGM populations in the
oncology care setting.

2. Methods

The study procedures and quantitative results from this survey
have been published elsewhere [14]. Briefly, a random sample of
450 oncologists from 45 NCI-Designated Comprehensive Cancer
Centers (as of January 2016) were selected from the American
Medical Association Physician Masterfile. Moffitt Cancer Center
(Tampa, FL) was excluded because a pilot study was previously
conducted among these oncologists [15]. Oncologists were mailed
an anonymous paper survey in January 2016 with a prepaid self-
addressed return envelope, as well as a link for a web-based
version of the survey and a $20 bill for incentive. This study was
deemed exempt by the Institutional Review Board (Advarra,
Columbia, MD).

2.1. Materials and methods

The survey consisted of 33 quantitative items and 4 open-ended
items. The quantitative survey items assessed demographics,
knowledge, attitudes, and practice behaviors regarding LGBTQ
health. Respondents were asked to provide written responses to
the following open-ended items: 1) “Please describe any personal
experiences treating LGBTQ patients that you consider important or
informative”; 2) “Please explain any reservations in treating the
LBGTQ population”; 3) “What suggestions do you have for improving
the cancer care of the LGBTQ population?”; and 4) “Please provide any
additional comments.”

2.2. Data analyses

Inductive content analysis and the constant comparison
method [16] were used to analyze the data, guided by Consolidated
criteria for reporting qualitative research (COREQ) [17–19].
Content analysis was used to code responses to each of the 4
open-ended questions. Open coding was used to inductively
identify themes within and across each question. A theme was
considered salient if it represented a meaningful pattern from the
data. Using an Excel file created from all responses, and divided by
the question to which it pertained, two coders (MS, GQ) reviewed
all responses and generated a list of potential codes, noting the
strength (e.g., the majority, a few). Codes were refined via
comparison and discussion, and re-organized until consensus
was reached. Refinement was repeated until coding discrepancies
Please cite this article in press as: M.E. Sutter, et al., Oncologists’ experi
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were resolved and no new codes emerged (i.e., thematic
saturation). The level of agreement between the two coders was
.90 (kappa coefficient) [20]. Results are shown by key themes and
exemplary quotes to characterize each theme.

3. Results

Among the 149 survey respondents, 86 (58 %) provided written
responses to at least one open-ended item. Among these 86, the
average age was 46.4 years of age (SD = 9.0) and 19.9 years (SD =
9.7) post-medical school graduation. The majority self-identified
as male (64.0 %), White (64.0 %), non-Hispanic (88.4 %),
heterosexual (91.9 %), medical oncologist (43.0 %), and primarily
treating adult patients (ages 40–64, 84.9 %). Using U.S. census
regions [21], the most frequently represented regions were Pacific
(18.6 %), East North Central (16.3 %), and West North Central (10.5
%); and the least frequently represented regions were West South
Central (9.3 %), East South Central (4.7 %), and South Atlantic (1.2
%). Over half (57.0 %) reported that between 0–5% of their patients
identified as LGBTQ. About three-in-five (62.5 %) reported they did
not have a family member who identified as LGBTQ.

Four overarching themes emerged including experiences,
reservations, suggestions for improving cancer care, and micro-
aggressions.

3.1. Experiences with LGBTQ patients with Cancer

3.1.1. Positive experiences
Many of the experiences described by oncologists indicated

they had positive experiences with sexual and/or gender minority
patients. In their descriptions of their experiences, several
respondents highlighted the importance of interpersonal aspects
of LGBTQ-affirming care, such as “open honest communication” and
“open nonjudgmental treatment.” A few positive experiences
reflected a growing experience for the oncologists:

“Lesbian AYA [adolescent and young adult] [patient] with
congenital HIV and lymphoma [showed me the] importance of
establishing open/honest/non-judgmental relationship without
reservation.”
“I am caring for a patient who began the public transition from
male to female and I have learned much from this patient's
experience in the context of greater possibility of transgender
persons.”

A few oncologists described the involvement of interdisciplin-
ary team members facilitated a positive patient experience, such as
social workers and gender specialists. Particularly for transgender
adolescent patients, one oncologist noted having expertise from
their gender dysphoria clinic was “invaluable in assisting . . . in the
care of my patients.” Other oncologists described the involvement
of social workers in identifying unique needs of their patients.

3.1.2. Negative experiences
Oncologists described some negative experiences that

reflected psychosocial needs on behalf of the patient, as well
as institutional issues related to care coordination. For example,
some noted the presence of family conflict and emphasized the
importance of the support system in cancer care. In addition,
room assignment was raised as a challenge for transgender
patients, women in particular.

3.1.3. Ambivalent experiences
Several oncologists stated that they had “no issues” or “unusual

experiences” treating LGBTQ patients. It is possible that when
physicians claim to have experience with LGBTQ patients with
ences caring for LGBTQ patients with cancer: Qualitative analysis of
0.1016/j.pec.2020.09.022

https://doi.org/10.1016/j.pec.2020.09.022


M.E. Sutter et al. / Patient Education and Counseling xxx (2019) xxx–xxx 3

G Model
PEC 6770 No. of Pages 6
comments such as : “no conflicts” or “no known negative patient
experiences reported,” that may reflect either a positive outcome, or
a lack of awareness on behalf of the clinician.

3.1.4. Lack of experience
Several oncologists noted their lack of experience in general,

but also specifically with transgender patients.

“I am more comfortable/experienced with LGB. I have no
experience with T,Q [transgender/queer] and would value educa-
tion. I would approach very openly/nonjudgmental but anticipate
the need for more knowledge.”
“Have had/have several LGB [patients]; have not (yet) had
transgender patients.”

Some oncologists also noted along with their lack of experience
that they “do not routinely ask about sexual orientation, identity, etc.”

3.2. Reservations in treating LGBTQ patients

Several themes emerged when oncologists were asked to reflect
on any reservations in treating LGBTQ patients, including patient-
provider communication and lack of knowledge. Overall, the
majority of oncologists indicated that they had “no reservations”
with regard to caring for LGBTQ patients, largely reflecting
willingness to provide care but lack of skills and information to
do so.

3.2.1. Patient-provider communication barriers
A few oncologists noted patient perceptions and interper-

sonal communication as a potential barrier to treating LGBTQ
patients. They reported concerns that patients would not be
comfortable to be “completely open” with them, thereby “creating
an interpersonal barrier.” This concern for one oncologist was
centered around their own identity as a “’straight’ physician” and
questioned whether they would be “viewed as non-sympathetic.”
Additionally, some oncologists reported fear of offending someone
by using inappropriate language, and one highlighted there is a
balance between asking personal information due to need versus
curiosity.

“I just want to feel comfortable using appropriate words and being
able to engage and connect as I need to. Also to not ask information
that isn't relevant to the issue at hand. To suppress my curiosity in
other words given the power dynamic in the relationship.”

3.2.2. Knowledge/information-related barriers
Several oncologists noted that while they did not have

reservations about treating LGBTQ patients, they noted their
own lack of knowledge and/or experience as a barrier.

“I have none [reservations] however my education as to their
medical needs/ differences is sorely lacking.”

Specifically, a lack of knowledge and understanding of
“transgender patient needs [and] risks” was noted by several
oncologists.

3.3. Suggestions for improving cancer care

3.3.1. Information-related
Oncologists were asked for suggestions to improve cancer care

for LGBTQ patients, and the majority of responses related to the
need for more information. Many oncologists suggested training/
education for “unique aspects of [disease] and care.” One oncologist
emphasized education for all providers and “not just physicians.”

Some specifically cited their own lack of knowledge as evidence
for this need:
Please cite this article in press as: M.E. Sutter, et al., Oncologists’ experie
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“Education programs would be helpful. Based on my answers to the
questions posed in the survey, I do not know the answers to many
of the issues raised.”

Importantly, education is needed around more than just
awareness of LGBTQ patients’ unique medical needs, but also
“why” these populations have unique needs, as one oncologist
noted. Education on social determinants of health, such as “bias,”
“access” and “barriers to care for the LGBTQ population” were also
noted by a few oncologists.

While some oncologists suggested education within their own
institution, others highlighted the difficulty of making this
education mandatory. One limitation presented was time:

“Uptake of additional training by health providers will be
limited . . . I have a hard-enough time keeping up on the medical
literature.”

Another oncologist suggested providing free continuing medi-
cal education credits to facilitate implementation of trainings.
Despite this need and interest in education, it was noted that other
important mandatory and necessary cultural sensitivity trainings
would take precedence over LGBTQ health training:

“Mandatory education is tricky as physicians and staff have many
mandatory obligations and this would add another. At our
institution we have had issues with cultural sensitivity in regards
to underrepresented racial/ethnic minorities, so that would
probably be the first educational priority.”

Other forms of information-related suggestions included
knowledge synthesis and dissemination efforts, such as “reference
materials [of] special needs” and “review articles.” Others suggested
increasing “publicity” of educational materials through national
societies such as ASCO. Guidelines for screening and treatment
while on gender-affirming hormones was noted by a couple of
oncologists. This highlighted a lack of evidence and a suggestion
for “more studies” and “more data” regarding hormones during and
post-cancer treatment as one oncologist describes their experience
treating an adolescent patient with leukemia:

“We do have a clinic for LGBTQ youth that I was able to consult but
there was little to no data on hormonal therapy post cancer.”

3.3.2. Providing affirming care
Several suggestions included patient-centered methods of

communicating affirmative care such as “providing non-judgmental
environment for medical oncology care” and “acceptance.” A couple
of comments emphasized not denying patients equitable care:

“Treat them [and not] discriminate [against] them.”

Another important aspect of providing affirming care is
inquiring about patients’ sexual orientation and gender identity
(SOGI), and subsequent documentation and use this information in
the provision of care. Several oncologists noted that having SOGI
information on intake forms would facilitate better care and
improve discussions with their patients.

“Improving our intake forms and becoming more informed about
their specific needs.”
“Being open to discussing sexual identity in the beginning is
something we don't always do.

3.4. Microaggressions

An emergent theme was oncologists perpetuating or describing
a situation that involved microaggressions. When describing their
experiences, some oncologists revealed their lack of understanding
of the importance of knowing gender identity, many stated that
they provide the same care regardless of identity.
nces caring for LGBTQ patients with cancer: Qualitative analysis of
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“Providing health care the same to LGBTQ population as any other
group.”

Some oncologists explicitly stated they do not ask about sexual
orientation and/or gender identity.

“I am trying to treat them on original gender. Do not ask. Do not
tell.”
“I have very little experience treating this population of patients,
and do not routinely ask about sexual orientation, identity, etc.”

A few oncologists noted SGM identity was only relevant if
patients had a Hepatitis C or HIV infection.

“Only if they are Hep-C or HIV and they do not communicate it.”
“HIV status knowledge is important to treatment decision making
but not [patients’] sexual orientation or gender identification in my
specific practice.”

One oncologist described their direct observation of another
faculty member using transphobic language and the difficulty of
educating others.

“I was recently consulted on the inpatient side on an M-to-F
transgender patient who had developed [X], and one of the other
consult service faculty members referred to the patient as
[transphobic slur]. I found this problematic and politely pointed
this out. The other faculty member laughed, and didn't quite think
there was anything wrong with the use of an insensitive pronoun to
describe someone who clearly identified as female.”

When reflecting on reservations in treating LGBTQ patients, the
conflict of personal beliefs was raised. One oncologist explicitly
stated their religious-based prejudice toward the LGBTQ commu-
nity.

“No specific reservations but I strongly disagree with aspects of the
LGBTQ community based on personal preferences and religious
beliefs.”

Another oncologist expressed their hesitancy to be listed as an
LGBTQ friendly provider for fear of making other patients
uncomfortable and then avoid seeking care with them. They
attributed this to their patient population being from rural
communities in a conservative state.

3.5. Additional analyses

As suggested by an anonymous reviewer, we evaluated the co-
occurrence of thematic codes including experiences, LGBTQ
affirmative suggestions, and microaggression codes. We found
no overlap in codes with either positive, negative or ambivalent
experiences. Next, we there were a few overlapping codes with
microaggressions, demonstrating that a couple of oncologists who
reported positive experiences or made affirmative statements (e.g.,
compassion) also revealed microaggressions such as reportedly
providing the same care to all their patients or that sexual
orientation and/or gender identity (SOGI) information is not
relevant to their care. Finally, we examined the occurrence of
themes by the number of LGBTQ patients reportedly treated per
week; those who indicated they had any LGBTQ patients were
more likely to report any kind of experience, and those who
reported having no LGBTQ patients did not have experiences to
report on.

4. Discussion and conclusion

4.1. Discussion

The goal of the current study was to identify barriers and
strategies for improved cancer care for SGM populations. Over 50 %
Please cite this article in press as: M.E. Sutter, et al., Oncologists’ experi
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of the 149 respondents answered at least one of four open-ended
items. Qualitative analysis of the written comments revealed
several themes that shed light on affirming care practices as well as
gaps in knowledge and communication skills. The majority of the
sample reported generally positive experiences in treating LGB
patients, although there was a noted lack of experience with
transgender patients. Our findings also revealed other barriers to
patient-centered care including lack of knowledge, interpersonal
communication concerns (e.g., fear of offending patients), and
microaggressions (e.g., “don’t ask, don’t tell”). This study reflects an
extension of our quantitative survey assessing oncologists’
knowledge, attitudes, and practice behaviors related to working
with LGBTQ patients. [15] Similar to the quantitative study, greater
discomfort and lack of knowledge was expressed for treating
transgender patients.

Oncologists described different facets of providing patient-
centered and LGBTQ-affirming care, such as listening to patients’
experiences and understanding the importance of open, honest,
and nonjudgmental communication in order to make patients
comfortable. Some oncologists highlighted the importance of
knowing their patients’ sexual orientation and gender identity,
such as providing support for their partner, knowing their sex
assigned at birth for medical reasons, and knowing their gender
and pronouns to affirm their identity and form a therapeutic
relationship. These affirming practices are consistent with
characteristics that are important to LGBTQ patients, such as
having an educated provider who listens, treats them with respect
and free of judgements, and honors their individual identity. [22]

Oncologists also noted patient perceptions and interpersonal
communication as a potential barrier to treating LGBTQ patients,
specifically the patient not feeling comfortable to disclose SOGI
information. These findings are consistent with themes identified
in a similar survey conducted at one cancer center in the Northeast
region of the U.S. that identified healthcare provider and patients’
reciprocal discomfort in discussing disclosure in both fear of
offending patients in asking SOGI information as well as
uncertainty if patients would be comfortable disclosing to them.
[23] Given that LGBTQ patients are most likely to receive their
cancer diagnosis from someone who is unaware of their identity
[24], providers should create this opportunity and establish
rapport to encourage patient disclosure. Creating safe spaces that
make patients aware the clinic and/or provider is welcoming to
LGBTQ populations could help build rapport with patients even
before starting the discussion. Some strategies include providers
and staff wearing affirming accessories (e.g., rainbow/pride or
pronoun pin), posting LGBTQ pride flags or affirming posters in
waiting areas, and having patient education materials that include
LGBTQ individuals [22]. However, beyond such symbols/signage, it
is important that all staff receive training in LGBTQ healthcare.

Indeed, many respondents were forthcoming in their lack of
knowledge and consistently noted a desire for more education,
further supporting the need for development for curriculum to
train oncologists on cancer disparities and communication with
LGBTQ patients. Currently a few national programs deliver
provider training such as those offered by the Fenway Institute
and the National LGBT Health Foundation. However, most existing
trainings are not tailored to the specific needs of oncology patients.
Recently, a web-based training was developed for oncologiststhe
Curriculum for Oncologists on LGBT populations to Optimize
Relevance and Skills (COLORS) training. [25] The COLORS training
includes four 30-minute modules that focus on LGBT basics,
inclusive environments, oncology care, and cancer survivorship,
and has demonstrated preliminary efficacy for improving knowl-
edge, attitudes, and clinical practices among oncologists [26].
Additionally, beyond provider-based education, respondents also
recognized a need for clinic/system-level approaches such as
ences caring for LGBTQ patients with cancer: Qualitative analysis of
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standard collection of patients’ SOGI information. This approach
may serve to reduce patient and provider barriers related to asking
about and/or disclosing SOGI related information as well as
facilitate communication.

Survey respondents also noted that LGBTQ trainings should
extend beyond oncologists to include other members of the
healthcare team who also have frequent interactions with patients,
such as allied health professionals. Online training programs, such
as the Educating Nurses about Reproductive Issues in Cancer
Healthcare (ENRICH) that focus on other healthcare team
members, have proven to be effective and have a broader reach
than oncologist-only trainings because of the low ratio of
oncologists to allied health professionals in the oncology
workforce. [27]

A theme relating to microaggressions emerged in both direct
and indirect ways. Similar to a study among clinicians in rural and
Appalachian Tennessee that identified themes related to micro-
aggressions, [28] many oncologists demonstrated microinvalida-
tions — a form of microaggression in which verbal or nonverbal
communications negate the thoughts, feelings, or existence of
LGBTQ individuals — through stating they treat all patients the
same. Several oncologists noted that they communicate their
compassion and competence regardless of patient characteristics
— and while this is likely a well-intended comment, it ignores
unique aspects of care for LGBTQ patients. Many respondents
stated that they did not need to know not sexual orientation or
gender identity as their clinical care did not change based on these
characteristics (including a couple of oncologists who stated that
only HIV status was relevant), they have no LGBTQ patients, and
that they don’t routinely ask for patients’ SOGI information. This
lack of inquiry about SOGI and assumptions about patients’
identity may unwittingly foster an unwelcoming environment and
will not likely encourage patients to disclose, which may explain
why these physicians believe they don’t have any LGBTQ patients.
With microinvalidations, oncologists perpetuate erasure of per-
sonal identities, reinforce long-standing stigma such as the
conflation of HIV with LGBTQ health, and demonstrate a lack of
understanding of the importance of non-medical aspects of
knowing SOGI information. Curricula should incorporate informa-
tion on social determinants of health and the importance of
psychosocial health to cancer care in order to illustrate to clinicians
why they need to know patients’ SOGI information in addition to
any unique medical needs among LGBTQ people with cancer.

Oncology clinicians may not be aware of what constitutes a
microaggression or may feel disempowered when they observe
microaggressions. One respondent indicated reluctance to be listed
as an LGBTQ friendly provider for fear of a negative reaction on
behalf of their conservative patients. Invisibility of modern biases,
fear of retaliation and lack of self-efficacy are barriers to combating
microaggressions. [29] Interventions to educate oncology clini-
cians should incorporate strategies to overcome these barriers,
such as improving skills to call attention to microaggressions and
self-efficacy to disarm microaggressions in receptive ways [29].

4.1.1. Limitations and future directions
Despite several methodological strengths, this study is not

without limitations. The findings represent perspectives of
oncologists at NCI-Designated Comprehensive Cancer Centers
and may not be generalizable to other healthcare providers in
other academic and community settings. Future research should
sample from other cancer care delivery settings. It would be
important to understand these results within the context of
affirmative policies in the provision of care by region. Unfortu-
nately, we are unable to link this type of information to our data
specifically. Future research should consider examining responses
in relation to policies of the cancer center as well as whether or not
Please cite this article in press as: M.E. Sutter, et al., Oncologists’ experie
items on a national survey, Patient Educ Couns (2020), https://doi.org/1
the cancer center has Healthcare Quality Index designation. [30]
Given the national representation from most regions of the U.S.,
this study extends the findings from a similar study limited to one
NCI-Designated Comprehensive Cancer Center in the Northeast
[23]. Also, not all respondents who completed the quantitative
survey provided qualitative responses. As such, this may represent
a form of selection bias. It is possible that oncologists who did not
respond had more negative attitudes toward LGBTQ populations or
are disinterested in the topic, presenting a challenge to dissemi-
nating educational information in the future. We received a
mixture of positive and negative sentiments, but this does not
eliminate the possibility of bias. Future research should employ
methods to collect implicit or objective measures of bias to provide
more breadth and depth to understanding.

4.2. Conclusion

This study examined oncologists’ open-ended responses in a
national survey to enhance our understanding of their experiences,
barriers, and suggestions in providing patient-centered care for
LGBTQ individuals with cancer. Cross-cutting themes included
approaches to LGBTQ-affirming care such as compassionate, open
and nonjudgmental communication, and overcoming lack of
knowledge and bias. These findings highlight a need for a
curriculum to train oncologists (e.g., COLORS training [26]) and
other allied health professionals in LGBTQ healthcare needs and
affirming communication skills. In addition to education, future
research should identify strategies to overcome deep-seated
prejudice and structural inequities that perpetuate LGBTQ cancer
health and healthcare disparities.

4.3. Practice implications

The majority of oncologists have had positive experiences in
treating LGB patients but lacked experience with transgender
patients with cancer. Barriers to the provision of patient-centered
care included lack of knowledge, fear of offending patients, and a
“don’t ask, don’t tell” approach. These findings highlight a need for
a curriculum to train oncologists and other allied health
professionals in LGBTQ healthcare needs and affirming communi-
cation skills. Results suggest oncologists want additional training
in the care of LGBTQ patients with cancer. Allied health oncology
professionals may also benefit from training, which would also
help ensure all care team members can coordinate the most
knowledgeable and competent care for LGBTQ patients with
cancer.

Funding

This study was funded by a Miles for Moffitt Milestone Award
(Awarded to Drs. Quinn and Schabath) from the H. Lee Moffitt
Cancer and Research Institute. This work was also supported, in
part, by a Cancer Center Support Grant at the H. Lee Moffitt Cancer
Center & Research Institute (grant number P30-CA76292), an NCI-
Designated Comprehensive Cancer Center.

CRediT authorship contribution statement

Megan E. Sutter: Formal analysis, Writing - original draft,
Writing - review & editing. Vani N. Simmons: Writing - original
draft, Writing - review & editing. Steven K. Sutton: Writing -
original draft, Writing - review & editing. Susan T. Vadaparampil:
Writing - original draft, Writing - review & editing. Julian A.
Sanchez: Writing - original draft, Writing - review & editing.
Meghan Bowman-Curci: Data curation, Writing - original draft,
Writing - review & editing. Luisa Duarte: Data curation, Writing -
nces caring for LGBTQ patients with cancer: Qualitative analysis of
0.1016/j.pec.2020.09.022

https://doi.org/10.1016/j.pec.2020.09.022


6 M.E. Sutter et al. / Patient Education and Counseling xxx (2019) xxx–xxx

G Model
PEC 6770 No. of Pages 6
review & editing. Matthew B. Schabath: Conceptualization,
Methodology, Writing - review & editing, Supervision, Funding
acquisition. Gwendolyn P. Quinn: Conceptualization, Methodolo-
gy, Formal analysis, Writing - review & editing, Supervision,
Funding acquisition.

Declaration of Competing Interest

The authors report no declarations of interest.

Acknowledgements

Dr. Sutter’s effort is supported by the Agency for Healthcare
Research and Quality Award Number T32HS026120. The content is
solely the responsibility of the authors and does not necessarily
represent the views of the AHRQ.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.pec.2020.09.022.

References

[1] Williams Institute, Adult LGBT Population in the United States Published, (
2019) . https://williamsinstitute.law.ucla.edu/wp-content/uploads/LGBT-
Population-Estimates-March-2019.pdf.

[2] A.R. Tabaac, M.E. Sutter, C.S.J. Wall, K.E. Baker, Gender identity disparities in
Cancer screening behaviors, Am. J. Prev. Med. 54 (2018) 385–393, doi:http://
dx.doi.org/10.1016/j.amepre.2017.11.009.

[3] M. Agénor, N. Krieger, S.B. Austin, S. Haneuse, B.R. Gottlieb, Sexual orientation
disparitiesin papanicolaou test use among US women: the role of sexual and
reproductive health services, Am. J. Public Health (2014), doi:http://dx.doi.org/
10.2105/AJPH.2013.301548 Published online.

[4] M. Rosario, H.L. Corliss, B.G. Everett, et al., Sexual orientation disparities in
cancer-related risk behaviors of tobacco, alcohol, sexual behaviors, and diet
and physical activity: pooled youth risk behavior surveys, Am. J. Public Health
104 (2014) 245–254, doi:http://dx.doi.org/10.2105/AJPH.2013.301506.

[5] P.L. Reiter, A. Mcree, M.L. Katz, E.D. Paskett, Human papillomavirus vaccination
among young adult gay and bisexual men in the United States, Am. J. Public
Health 105 (2015) 96–102, doi:http://dx.doi.org/10.2105/AJPH.2014.302095.

[6] G.P. Quinn, J.A. Sanchez, S.K. Sutton, et al., Cancer and lesbian, gay, bisexual,
transgender/transsexual, and queer/questioning (LGBTQ) populations, CA
Cancer J. Clin. 65 (2015) 384–400, doi:http://dx.doi.org/10.3322/caac.21288.

[7] J.D. Sprandio, Oncology patient – centered medical home, J. Oncol. Pract. 8
(2012) 47–49.

[8] American Medical Association. (2011). Statement of the American Medical
Association to the Institute of Medicine’s Committee on Determination of
Essential Health Benefits. Retrieved September, 21, 2020.

[9] N.J. Hulbert-Williams, C.O. Plumpton, P. Flowers, et al., The cancer care
experiences of gay, lesbian and bisexual patients: a secondary analysis of data
from the UK Cancer Patient Experience Survey, Eur. J. Cancer Care (Engl.) 26
(2017)e12670, doi:http://dx.doi.org/10.1111/ecc.12670.

[10] J.M. Jabson, C.S. Kamen, Sexual minority cancer survivors’ satisfaction with
care, J. Psychosoc. Oncol. 34 (2016) 28–38, doi:http://dx.doi.org/10.1080/
07347332.2015.1118717.

[11] J.Griggs,S. Maingi,V.Blinder, etal., American society of clinicaloncology position
statement: strategies for reducing cancer health disparities among sexual and
gender minority populations, Obstet. Gynecol. Surv. 72 (2017) 598–599.

[12] U.S. Department of Health and Human Services. Advancing LGBT health and
well-being: 2016 report of the HHS LGBT policy coordinating committee.
https://www.hhs.gov/sites/default/files/2016-report-with-cover.pdf.
Please cite this article in press as: M.E. Sutter, et al., Oncologists’ experi
items on a national survey, Patient Educ Couns (2020), https://doi.org/1
[13] National Institutes of Health Sexual and Gender Minority Research
Coordinating Committee. NIH FY 2016-2020 Strategic Plan to Advance
Research on the Health and Well-Being of Sexual and Gender Minorities.
http://edi.nih.gov/sites/default/files/EDI_Public_files/sgm-strategic-plan.pdf.

[14] M.B. Schabath, C.A. Blackburn, M.E. Sutter, et al., National survey of oncologists
at national cancer institute – designated comprehensive cancer centers:
attitudes, knowledge, and practice behaviors about LGBTQ patients with
cancer, J. Clin. Oncol. 37 (2019) 547–558, doi:http://dx.doi.org/10.1200/
JCO.18.00551.

[15] G. Shetty, J.A. Sanchez, J.M. Lancaster, L.E. Wilson, G.P. Quinn, Mb. Schabath,
Oncology healthcare providers’ knowledge, attitudes, and practice behaviors
regarding LGBT health, Patient Educ. Couns. 99 (10) (2016) 1676–1684, doi:
http://dx.doi.org/10.1016/j.pec.2016.05.004.

[16] B.G. Glaser, The constant comparative method of qualitative analysis, Soc.
Probl. 12 (1965) 436–445.

[17] A. Tong, P. Sainsbury, J. Craig, Consolidated criteria for reporting qualitative
research (COREQ): a 32-item checklist for interviews and focus groups, Int. J.
Qual. Health Care (2007), doi:http://dx.doi.org/10.1093/intqhc/mzm042
Published online.

[18] H.M. Levitt, M. Bamberg, J.W. Creswell, D.M. Frost, C. Suárez-orozco, Journal
article reporting standards for qualitative primary, qualitative meta-analytic,
and mixed methods research in psychology: the APA publications and
communications board task force report, Am. Psychol. 73 (2018) 26–46.

[19] H. Wu, M.C.B. Mendoza, Y.L.A. Huang, T. Hayes, D.K. Smith, K.W. Hoover, Uptake
of HIV preexposure prophylaxis among commercially insured Persons-United
States, 2010-2014, Clin. Infect. Dis. 64 (2) (2017) 144–149, doi:http://dx.doi.
org/10.1093/cid/ciw701.

[20] C. MacPhail, N. Khoza, L. Abler, M. Ranganathan, Process guidelines for
establishing Intercoder Reliability in qualitative studies, Qual. Res. 16 (2016)
198–212, doi:http://dx.doi.org/10.1177/1468794115577012.

[21] Census Regions and Divisions of the United States. https://www2.census.gov/
geo/pdfs/maps-data/maps/reference/us_regdiv.pdf.

[22] Z. McClain, L.A. Hawkins, B.R. Yehia, Creating welcoming spaces for lesbian,
gay, bisexual, and transgender (LGBT) patients: an evaluation of the health
care environment, J. Homosex. 63 (2016) 387–393, doi:http://dx.doi.org/
10.1080/00918369.2016.1124694.

[23] S.C. Banerjee, J.M. Staley, K. Alexander, C.B. Walters, P.A. Parker, Encouraging
patients to disclose their lesbian, gay, bisexual, or transgender (LGBT) status:
oncology health care providers’ perspectives, Transl. Behav. Med. (2018), doi:
http://dx.doi.org/10.1093/tbm/iby105 Published online.

[24] C.S. Kamen, M. Smith-Stoner, C.E. Heckler, M. Flannery, L. Margolies, Social
support, self-rated health, and lesbian, gay, bisexual, and transgender identity
disclosure to cancer care providers Charles, Oncol. Nurs. Forum 42 (2015) 44–
51, doi:http://dx.doi.org/10.1188/15.ONF.44-51.Social.

[25] J. Seay, A. Hicks, M. Jennifer, et al., Patient Education and Counseling
developing a web-based LGBT cultural competency training for oncologists :
the COLORS training, Patient Educ. Couns. 102 (2019) 984–989, doi:http://dx.
doi.org/10.1016/j.pec.2019.01.006.

[26] J. Seay, H. Amanda, M.J. Markham, et al., Web-based LGBT cultural competency
training intervention for oncologists : pilot study results, Cancer 126 (2019)
112–120, doi:http://dx.doi.org/10.1002/cncr.32491.

[27] G.P. Quinn, C.K. Gwede, M.B. Curci, R.R. Reich, C.D. Meade, S.T. Vadaparampil,
Impact of a web - based reproductive health training program: ENRICH
(educating Nurses about Reproductive Issues in Cancer healthcare),
Psychooncology 28 (2019) 1096–1101, doi:http://dx.doi.org/10.1002/
pon.5063.

[28] J.G. Patterson, J.M. Jabson Tree, C. Kamen, Cultural competency and
microaggressions in the provision of care to LGBT patients in rural and
appalachian Tennessee, Patient Educ. Couns. 102 (11) (2019) 2081–2090, doi:
http://dx.doi.org/10.1016/j.pec.2019.06.003.

[29] D.W. Sue, S. Alsaidi, M.N. Awad, E. Glaeser, C.Z. Calle, N. Mendez, Disarming
racial microaggressions: microintervention strategies for targets, white allies,
and bystanders, Am. Psychol. 74 (1) (2019) 128–142, doi:http://dx.doi.org/
10.1037/amp0000296.

[30] Human Rights Campaign, Healthcare Equality Index 2020 Published, (2020) .
https://hrc-prod-requests.s3-us-west-2.amazonaws.com/resources/HEI-
2020-FinalReport.pdf.
ences caring for LGBTQ patients with cancer: Qualitative analysis of
0.1016/j.pec.2020.09.022

https://doi.org/10.1016/j.pec.2020.09.022
https://williamsinstitute.law.ucla.edu/wp-content/uploads/LGBT-Population-Estimates-March-2019.pdf
https://williamsinstitute.law.ucla.edu/wp-content/uploads/LGBT-Population-Estimates-March-2019.pdf
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0010
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0010
http://dx.doi.org/10.1016/j.amepre.2017.11.009
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0015
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0015
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0015
http://dx.doi.org/10.2105/AJPH.2013.301548
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0020
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0020
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0020
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0020
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0025
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0025
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0025
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0030
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0030
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0030
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0035
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0035
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0045
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0045
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0045
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0045
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0050
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0050
http://dx.doi.org/10.1080/07347332.2015.1118717
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0055
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0055
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0055
https://www.hhs.gov/sites/default/files/2016-report-with-cover.pdf
http://edi.nih.gov/sites/default/files/EDI_Public_files/sgm-strategic-plan.pdf
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0070
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0070
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0070
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0070
http://dx.doi.org/10.1200/JCO.18.00551
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0075
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0075
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0075
http://dx.doi.org/10.1016/j.pec.2016.05.004
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0080
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0080
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0085
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0085
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0085
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0085
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0090
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0090
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0090
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0090
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0095
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0095
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0095
http://dx.doi.org/10.1093/cid/ciw701
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0100
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0100
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0100
https://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf
https://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0110
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0110
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0110
http://dx.doi.org/10.1080/00918369.2016.1124694
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0115
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0115
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0115
http://dx.doi.org/10.1093/tbm/iby105
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0120
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0120
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0120
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0120
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0125
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0125
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0125
http://dx.doi.org/10.1016/j.pec.2019.01.006
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0130
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0130
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0130
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0135
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0135
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0135
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0135
http://dx.doi.org/10.1002/pon.5063
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0140
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0140
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0140
http://dx.doi.org/10.1016/j.pec.2019.06.003
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0145
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0145
http://refhub.elsevier.com/S0738-3991(20)30520-6/sbref0145
http://dx.doi.org/10.1037/amp0000296
https://hrc-prod-requests.s3-us-west-2.amazonaws.com/resources/HEI-2020-FinalReport.pdf
https://hrc-prod-requests.s3-us-west-2.amazonaws.com/resources/HEI-2020-FinalReport.pdf
https://doi.org/10.1016/j.pec.2020.09.022


FERTILITY PRESERVATION

Health care provider perceptions of fertility preservation
barriers and challenges with transgender patients and families:
qualitative responses to an international survey

Amy C. Tishelman1,2
& Megan E. Sutter3 & Diane Chen4,5,6

& Amani Sampson7
& Leena Nahata8,9 &

Victoria D. Kolbuck4 & Gwendolyn P. Quinn7

Received: 21 August 2018 /Accepted: 18 December 2018 /Published online: 3 January 2019
# Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract
Purpose To examine provider perceptions of practice behaviors and barriers related to fertility counseling, fertility preservation,
and family building among transgender patients.
Methods Participants were medical and mental health professionals who treat adult and youth transgender patients. Recruitment
occurred online and in person, via professional listservs for transgender professionals, conferences, and gender clinics. From
August–November 2017, 110 participants representing nine countries responded to four open-ended questions included on a
survey related to provider practice behaviors and perceived barriers to fertility counseling, fertility preservation, and family
building with transgender patients. Thematic coding analysis was used to identify themes.
Results Multiple themes were identified including the following: access and cost issues; urgency for gender-affirming treatment;
patient maturity and inability to make future-oriented decisions; and provider-related challenges pertaining to knowledge, role,
and general lack of information in the nascent field of transgender reproductive health.
Conclusion(s) This study yielded insights into practice behaviors, challenges, and perceived barriers to fertility counseling with
transgender individuals and can serve as a basis for intervention development to optimize clinical practices with this population.

Keywords Transgender . Fertility preservation . Fertility counseling . Gender-affirming hormones . Reproductive health .

Qualitative research

Introduction

Fertility preservation (FP) has allowed a path to genetic parent-
hood for many patients undergoing gonadotoxic medical treat-
ment. Established methods for FP include cryopreservation of
sperm, oocytes, and embryos, and experimental methods in-
clude ovarian tissue and testicular tissue cryopreservation for

pre-pubertal patients. FP and associated reproductive counsel-
ing are considered standard of care for adolescent and young
adults (AYA) of reproductive age with cancer [1].

Most recently, FP has been extended beyond oncofertility
to other patient populations at risk for future infertility, such as
patients with autoimmune disorders requiring gonadotoxic
therapy and patients with post-surgical subfertility [2]. Also,
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a clinical report recently published by the American Academy
of Pediatrics offers guidance for providers working with pe-
diatric patients who may experience infertility and or sexual
health impacts from an array of congenital or acquired condi-
tions [3]. Among those at risk for diminished fertility or infer-
tility are transgender youth and adults pursuing gender-
affirming medical/surgical interventions [4]. Transgender in-
dividuals assert a gender identity which is not aligned with
their assigned sex at birth. Some transgender individuals
choose to seek medical interventions, including gender-
affirming hormone (GAH) treatment, to align their bodies
with their affirmed gender identity. Though long-term effects
of GAH treatments remain understudied, concerns have been
raised about a potential negative impact on future fertility. For
instance, one study suggests the effect of exogenous hormonal
therapy on sperm could be irreversible [5]; this is as of yet
unclear as research has indicated heterogeneity, with some
transgender individuals maintaining normal spermatogenesis
after varying lengths of self-reported GAH treatment [6, 7].
For individuals who were assigned female at birth, the litera-
ture is mixed regarding the impact on fertility from testoster-
one use, with some transgender men becoming pregnant and
giving birth after taking testosterone for various amounts of
time [8]. Other research suggests risks for symptoms similar to
polycystic ovarian syndrome (PCOS) with long-term testos-
terone use; this is of concern as PCOS is associated with
infertility [9, 10]. Given uncertainty regarding the impact of
hormones on fertility, contraception is recommended for
transgender individuals on GAH engaging in sex that could
result in a pregnancy [11].

FP counseling is recommended by the World Professional
Association of Transgender Health (WPATH), the American
Society of Reproductive Medicine (ASRM), and the
Endocrine Society for all patients prior to initiating any
gonadotoxic gender-affirming medical/surgical interventions
[12–14]. Yet, these organizations do not provide guidance on
best practices for engaging in such counseling. This is impor-
tant, as desire for parenthood is well documented among trans-
gender adults [15–17]. For example, there are case studies of
adult transgendermenwho underwent FP and had their partners
carry pregnancies [18] and transgender women who have fro-
zen sperm [19]. Nevertheless, recent studies suggest minimal
levels of FP utilization in transgender youth [20, 21] which is
concerning given the research suggesting some of these indi-
viduals may desire genetic children as adults [15, 22]. In one
study of pediatric patients, 54% of transgender girls and 40% of
transgender boys had no documented FP counseling upon chart
review [23]. In another retrospective chart review of transgen-
der youth presenting for GAH treatment, documented reasons
for FP refusal included patient plans to adopt, disinterest in
having children, expense, discomfort with masturbation, and
concern about GAH initiation delay [20]. Similarly, another
chart review study found many of the same concerns, but in

addition, patients named treatment invasiveness and one men-
tioned a concern about being misgendered and/or mistreated by
a sperm bank technician [21]. Both studies found less than 5%
of individuals engaged in FP interventions despite documented
counseling about fertility.

To date, research has not explored healthcare provider be-
haviors and perceptions regarding FP counseling with trans-
gender patients. In drawing parallels to oncofertility, studies
have shown gaps in provider knowledge and inconsistent
practices of offering FP to AYAwith cancer have resulted in
low utilization [24], and that more standardized counseling
results in higher FP rates [25, 26]. Thus, it is imperative to
understand current practice behaviors and challenges for pro-
viders who are tasked with counseling transgender individuals
and their families about fertility issues prior to medical treat-
ments, especially given the risks in this population for future
decisional regret regarding potentially irreversible choices.
The current study adds to the literature by querying providers
directly about their perceptions of fertility counseling, as a first
step to informing the development of more specific guidelines
and other clinician supports for those engaged in the treatment
of transgender individuals. We examined qualitative re-
sponses derived from an international survey of healthcare
providers treating pediatric and adult transgender patients,
aiming to provide depth and nuance to the understanding of
fertility counseling, fertility preservation, and family building
among transgender individuals.

Materials and methods

Context

This study received exempt status by the Institutional Review
Boards at Ann & Robert H. Lurie Children’s Hospital of
Chicago, Nationwide Children’s Hospital, and Boston
Children’s Hospital. A team of researchers developed a survey
with 46-quantitative items, including four qualitative items for
healthcare providers of transgender patients [27]. Only quali-
tative data are examined in the present study. The four quali-
tative items asked open-ended questions for respondents to
elaborate on practice behaviors, barriers, and a general open
comments section in relation to the topic: (1) BIs there any-
thing else you would like us to know regarding your practice
behaviors related to fertility counseling/fertility preservation
for your transgender patients and/or their parents/guardians?,^
(2) BIs there anything else you would like us to know regard-
ing barriers to fertility counseling/fertility preservation for
your transgender patients?,^ (3) BThemost significant primary
barrier to discussing fertility preservation with transgender
patients is … Other, please specify:,^ and (4)BIs there any-
thing else you would like to share about your thoughts on
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fertility preservation or family building for transgender
individuals?.^

Study participants and recruitment

From August–November 2017, a survey link was disseminated
via WPATH and three regional listservs of mental health clini-
cians (in New England and Chicago), to attendees of national/
regional transgender health professional conferences, and
emailed to the contact person listed on the Human Rights
Campaign directory of gender-affirming pediatric healthcare
providers and clinics and the Trans Health Clinics listed on
Trans-Health.com. Paper surveys were administered at a
workshop on ethical issues in transgender youth care at the
2017 annual meeting of the American Psychological
Association, at the 2017 International Meeting of the Pediatric
Endocrinology Society (PES) transgender health Special Interest
Group (SIG), and at the 2017 Oncofertility Consortiummeeting.

Eligibility was determined by two screening questions:
whether respondents participated in the clinical care of adult
transgender individuals, and/or pediatric transgender individ-
uals. Respondents answering Bno^ to both questions were
disqualified. Respondents answering positively to either or
both of the questions were administered the survey.

Data analysis

Data were analyzed using inductive content analysis and the
constant comparison method [28] and guided by quality stan-
dards for qualitative research [29–31]. We used thematic con-
tent analysis to characterize providers’ responses to each ques-
tion (practice behaviors, barriers, most significant barrier, and
open comments) [32]. Open coding was applied to inductively
identify themes within each question. Themes were considered
if they represented a meaningful pattern in the data. Using an
Excel file created from all responses and divided by the ques-
tion to which it pertained, three coders (MS, AS, GQ) reviewed
all responses and generated a list of potential codes, noting the
strength of the pattern in the data (e.g., the majority, a few).
Each code was refined via comparison and discussion, and re-
organized into key themes and sub-themes until consensus was
reached. Consistent with the iterative nature of qualitative in-
quiry, the analytic phases were repeated until all coding discrep-
ancies were resolved and novel codes no longer emerged (i.e.,
saturation). Inter-rater reliability was calculated among the three
initial coders by creating a numbered list of all comments with-
in each of the four questions and identifying the numbers of
times each coder had labeled/rated the comment as belonging
with one of the finalized codes. The level of agreement between
the three coders was 0.90 (kappa coefficient) [33]. A fourth
coder (AT) reviewed and independently coded each response,
and provided feedback and definitions for the coding scheme,
which was refined and collapsed into final themes. Results are

organized by key themes and sub-themes and exemplar quotes
are used to further describe each theme. Summaries of each
code and representative quotes are provided below.

Results

There were 255 respondents to the main survey who met eligi-
bility criteria and 110 respondents (representing nine countries)
provided comments to one or more of the open-ended questions
in the survey. Participants represented four provider types: (1)
physicians (n= 44), (2) psychologists (n= 29), (3) masters-level
mental health providers (n = 18), and (4) advanced practice
nurses/registered nurses/physician assistants (n = 19).

Four main themes were identified: fertility and contracep-
tion counseling practices, perceptions of role responsibility,
perceptions of parental role in decision-making, and barriers.
Within barriers, four sub-themes were identified: structural,
medical intervention, patient-related, and provider-related bar-
riers. Notably, themes regarding fertility and contraception
counseling practices were primarily generated bymedical pro-
viders, with only one relevant mental health provider com-
ment identified. Otherwise, systematic differences were not
found between medical and mental health provider responses;
therefore, they are not presented separately.

Fertility and contraception counseling practices

Several adult and pediatric providers commented on aware-
ness that puberty blockers and GAH could cause temporary or
permanent infertility and noted they always discussed this risk
with their patients:

Impact on fertility and basic options discussed with every
patient starting any medications.

However, these same providers noted that it was equally im-
portant to talk about the need for contraception, as neither
treatment was a reliable form of birth control:

If you have sperm egg sex, you can get or cause a preg-
nancy even if [on] gender affirming hormones.

We also emphasize that [hormone replacement therapy]
is NOT a method of [contraception] and that it is possi-
ble to get pregnant while on testosterone and to impreg-
nate others while on estrogen.

A few providers noted discussions encompassing both fertility
and contraception were challenging:

I always find it difficult to talk about the potential decrease
in fertility that may happen over time with testosterone
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while impressing the importance of contraception use if
involved with someone making sperm. These two seem-
ingly opposite points are so important and can be difficult
for me… to talk about at the same time with my patients.

Perceptions of role responsibility

Several providers discussed the differentiation of roles for pro-
viders from medical versus mental health disciplines with regard
to fertility counseling, employing an interdisciplinary approach:

As a psychologist, I am no expert on the complex med-
ical issues surrounding transition and fertility. My role is
to bring up the issue, refer them to a medical person well
versed in the issues, and discuss their perceived options
to help them make the most informed decision possible.

I talk to the clients about their desires to have kids (bio
and/or otherwise), tell them there are fertility consider-
ations for [hormone replacement therapy], and refer
them to a medical specialist to give them the specifics.
As a [licensed clinical social worker] I am not qualified
to tell them the medical specifics.

Other providers emphasized the important function of
counseling:

There have been instances where some of the patients
admit that the area of fertility has not been given much
thought until being introduced in our counseling session.
Fertility is an important area to cover with these clients.

I always encourage the patients to continue to engage in
the discussion as a family and also with their mental
health provider.

Perceptions of parental role in decision-making

Providers agreed on the importance of involving parents as an
essential part of their child’s FP decision-making process:

I emphasize to the parents of adolescents the signifi-
cance of their decision on their adolescent’s future life.

Fertility preservation is often, understandably, a much
bigger concern for parents than it is for our minor pa-
tients; we work a lot with parents and teens on weighing
the risks and benefits of preserving fertility with the
risks and benefits of delaying treatment for gender dys-
phoria, given unique family and cultural backgrounds.

For several providers, parents’ involvement in FP counseling
offered the opportunity to discuss FP in more concrete terms
with younger patients:

In particular with my adolescent clients, I always at-
tempt to promote an active conversation between the
minor and their parents about how they feel as a family
about the [minor’s] reproductive future. For example,
engage minor in considering how their parents may or
may not feel about grandchildren.

I always explore with parents their own fertility, hopes
for children and how life would have been if they did not
have children to ground them into being more open to
either preserving, or being cautious about medical and
or physical interventions.

Barriers to fertility preservation

Structural barriers For providers in the USA, an important
structural barrier observed by the majority of respondents
entailed costs of FP, both in terms of out of pocket costs and
lack of insurance coverage in the USA:

The ability for patients to meaningfully engage in the
conversation about FP appears to me to be greatly influ-
enced by their financial access to preservation care.

We always hit a wall [because] FP is extremely expen-
sive and families have a hard time figuring out how to
balance that with their child’s need to transition.

Respondents also noted that costs differed by assigned sex at
birth:

Sperm banking is cheaper than freezing eggs so for that
reason I said that trans women have an ‘easier’ time
preserving fertility than trans men.

Some participants from outside the USA noted that costs were
less of an issue:

From where I write, gamete storage for trans people is
routinely funded.

Across [my country] there are different funding agree-
ments for FP which can affect the choices young people
have.

Medical intervention barriers Some respondents observed that
medical interventions differ based on assigned sex at birth;
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they noted the process of FP is vastly different for birth-
assigned males versus birth-assigned females:

When I treat [male-to-female] patients who have FP
insurance coverage or personal financial resources, I
have had several who have delayed transition to
sperm bank. I have had no [trans men] ask for further
resources …

The barrier differs based on [male-to-female] (of-
ten delay and money barriers) or [female-to-male]
(invasive procedure, VERY expensive, and delay
barriers).

Patient-related barriers: developmental stage, priorities, and
desire for children Many providers reported that transgender
youth (particularly in the early developmental years) denied a
desire for biological children, and expressed concerns that these
youth cannot fully comprehend their future parenting goals:

With those under 18, almost always they are 100% sure
that they do not want any children. They cannot always
know what the next 20-30 years hold for them.

… my biggest concern for the pediatric population is
that they do not have the maturity to make such a
major life-altering decision such as medical/surgical
treatments that would render them sterile and incapa-
ble of having genetically related children after
transition.

Providers for transgender youth indicated affirming gender
identity may be a greater priority than FP for patients, in light
of gender dysphoria (GD) and related issues:

It can be important for youth to choose identity now
over future fertility … at present, more persons have
died/committed suicide from having their transgender
identity denied than have over fertility issues. …

… most transgender adolescents I’ve worked with
seem to be firm in their belief that they do not want
biological children (and it is unclear if this is an
established belief or if it is influenced by not wanting
to delay treatment).

However, providers who worked with adult patients noted
they were often interested in pursuing FP to maintain repro-
ductive options in the future:

Rush to treat dysphoria can get in the way of thorough
consideration. But mostly I find that my patients just get
past those barriers and do it to check it off the list of
things to do before starting hormones, knowing they
want to keep their options for reproduction open.

Other providers noted discussion of FP may be overstated in
light of shifting parental desire among the general youth
population:

More and more youth, both trans and cis, express zero
interest in the stress and work of having children.

Providers observed patients often mentioning adoption
as a desired option for family building, acknowledging
a concern that youth may lack an understanding of the
challenges:

My patients generally aren’t concerned about biological
parenting and most often speak to adoption or other
methods of parenting. Their understanding seems to be
that adoption is easy.

… They frequently say ‘I’ll just adopt’ without having
the first clue what that entails.

Many providers indicated patients or families do not want a
referral to discuss fertility options:

Families rarely want to see fertility specialists despite
their availability.

There was an emphasis on meeting patients and families
where they are in terms of desire for discussing fertility op-
tions, developmental age, or stage of transition:

I use an informed consent model to help client’s make
[the] best choices with regard to future functioning.

Again, there is no right answer for the client, just to
have the conversation so that we all know this is
where we we’re at. When a client looks back, they
know that on that day it was discussed and they
made some active decisions that were right for them
in that moment.

Some adult providers noted fertility discussions were at times
irrelevant since fertility-related decisions had already been
made by the time they encountered patients:

Since I only see adults, most have already made deci-
sions about fertility when I first seen [sic] them.
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All of my patients are living with HIV and most have
already been on hormones before I see them, so I rarely
am initiating therapy.

A number of providers commented on the need for contin-
uous discussion over time, for both adult and pediatric
patients:

We can continue to discuss these needs as both your
gender identity, and adult role and spouse or partner
needs evolve over time …

Provider-related barriers: knowledge, research, and training
Several providers identified barriers related to personal knowl-
edge gaps surrounding FP:

I would like to have better information about fertility
preservation. I have attended several WPATH trainings
and still feel relatively uninformed.

I am also much clearer on the potential for successful
options for [male-to-female]. I would greatly benefit
from more scholarly research in [female-to-male] fertil-
ity preservation best practices.

Providers noted the difficulty of counseling patients without
research on FP outcomes:

I did get a little info from our house endocrinologist, but
even they admitted they were not super familiar with the
issue.

We offer this as an option but in reality none of us know
how effective preservation is.

Research on outcomes of fertility decisionsmay be help-
ful in discussing fertility options with teens, parents and
adults.

One response suggested that some providers may believe that
bringing up the topic again is inappropriate once a patient has
declined:

I’ve [heard] providers ask about fertility repeatedly
even when the patient says they understand their
options or do not want to have children. There is a
lot of cissexist heterocentric bias involved in this
interrogation.

Providers commented on the need for general guidelines in
order to counsel patients more effectively:

We need more information and resources for our com-
munity with regards to fertility preservation.

Discussion

This qualitative study highlights practice behaviors and con-
cerns faced by providers who counsel transgender adults and
youth on fertility as they contemplate gender-affirming inter-
ventions, which may have a deleterious impact on their future
ability to have genetic children. The providers in our study
represent a wide range of healthcare disciplines and locales
internationally. Despite this diversity, robust and consistent
themes were identified, particularly related to multiple barriers
and challenges across a spectrum of considerations. These
ranged from access and cost (structural), factors related to
urgency for gender-affirming treatment, maturity, and ability
to make future-oriented decisions among younger adoles-
cents, and provider-related challenges pertaining to knowl-
edge, role, and general lack of information in the nascent field
of transgender reproductive health. Analyses of participant
comments also yielded themes related to provider perceptions
of transgender youths’ parenting goals, including possible
generational issues, such as a potential disagreement between
transgender youth and their parents around pursing FP.
Respondents noted that cisgender and transgender youth of
the current generation may not be as strongly drawn to
biological/genetic parenthood as in previous generations and
that this may be especially true among gender diverse individ-
uals where heteronormative values may not be widely held
[34].

The cost of FP emerged as a profound barrier to undertak-
ing fertility-sparing [34] options. Cost may be particularly
prohibitive in countries such as the USAwhere there is limited
or no financial assistance. In addition, regardless of financial
limitations, FP interventions may be aversive to transitioning
youth, and respondents frequently noted that both cost and
invasiveness of FP interventions were more severe for birth-
assigned females than birth-assigned males. Some have pos-
ited that low FP utilization in the transgender community may
be due to emotional considerations around embodying another
gender [35]. Armuand et al. found that some transgender men
undergoing FP developed coping strategies to combat the dis-
tress of gender incongruence caused by halting GAH use and
physical changes associated with hormonal stimulation for
oocyte cryopreservation [36]. Importantly, this study took
place in Sweden where transgender individuals do not have
the same financial concerns related to pursuing FP as in the
USA [37, 38].

Age and maturity of the patient were also important factors
among the patient-related themes. This is consistent with other
literature which highlights the difficulties in general of
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counseling about fertility in pediatrics, when a condition has
potential to detrimentally impact the ability to have genetic
children, yet youth lack the vantage point of adults [3, 20,
39]. This complexity is especially salient with regard to the
pre-adolescent child (as young as 8–9 years of age) at Tanner
stage 2 who may present for gonadotropin-releasing hormone
(GnRH) analogues to suppress puberty. If patients proceed to
GAH intervention without progressing through their endoge-
nous puberty, it may be particularly difficult or impossible to
recover and/or preserve fertility in the future.

Respondents identified lack of information and the relative-
ly recent advent of medical interventions for transgender indi-
viduals as significant hurdles. At this point in time, detailed
guidelines for FP counseling in this population are unavailable,
despite recommendations that such counseling take place
[12–14, 40]. Guidelines addressing specific complexities, such
as actual fertility risks of various GAH treatments, which FP
options are appropriate and at what point in physical and emo-
tional development, and optimal approaches to counseling by
patient age and/or stage in the medical intervention process,
would help to standardize counseling practice and give needed
support to providers. The absence of this guidance is potential-
ly another obstacle for providers who are motivated to appro-
priately counsel patients and families. It is possible that shared
decision-making models (e.g., Ottawa Decision Support
Framework) [41] could be adapted for use with transgender
youth until decision aids are developed specifically for this
population. Systematic research on the rate of decisional regret
in transgender adults who experience infertility or subfertility
is thus far not available. In the current study, many providers
reported that their patients intend to adopt. Yet, research has
not examined adoption experiences of transgender adults, and/
or whether they experience biases or other obstacles secondary
to their transgender identity.

Several expected barriers were not identified from qualita-
tive responses. Only one provider mentioned suicide as a po-
tential patient risk in the context of delayingGAH to engage in
FP. No participants mentioned patient mental health consider-
ations as an obstacle during the process of fertility counseling
or as potentially impacting patient decisional processes. This
is surprising, given that a recently published case report doc-
umented a transgender adolescent declining FP specifically
due to concerns for worsening GD and mental health func-
tioning [42]. Moreover, numerous studies show frequent co-
occurring mental health concerns in transgender individuals
seeking GAH intervention [43, 44]. In a chart review of 79
transgender youth, Nahata et al. found that 92.4% had been
given a mental health diagnosis, including 74.7% with suicid-
al ideation, 55.7% with documented self-harming behaviors,
and 30.4% with a history of an actual suicide attempt [45].

Mental health morbidities can negatively impact decision-
making abilities. For instance, youth with suicidal ideation
may struggle to contemplate future plans, and depression

and anxiety associated with GD and gender-related discrimi-
nation [46] can be a distorting lens from which to forecast
future desires. This can be a conundrum for transgender ado-
lescents or adults, who may only be able to consider ultimate
parenting goals after treatment for GD, when mental health
concerns may subside, but fertility already impacted.
Additionally, autism spectrum disorder (ASD) has been ob-
served to frequently co-occur with GD [47, 48]. This co-
occurrence recently has been questioned [49], although some
experts in the area of gender diversity have observed that a
number of studies have found increased clinical diagnoses of
ASD in gender diverse individuals [50]. Patients with both
GD and ASD present with multifaceted clinical challenges
Bgiven the social, adaptive, self-awareness, communication,
and executive function complexities^ characterizing ASD
[51]. Others have discussed the complexities of obtaining in-
formed assent from youth with developmental differences [52,
53]. Therefore, it is somewhat surprising that participants in
this survey did not discuss some of the perceived difficulties
of FP discussions with youth with neurodiversity. Such youth
may be interested and adequately competent to be a parent, yet
require adapted counseling and informed consent processes
tailored to their needs.

We recognize a number of limitations to this study. Due to
our recruitment strategy, we are unable to report a response
rate. It is conceivable that providers who view FP as irrelevant
or unimportant, or who lack knowledge about this subject, did
not participate, yielding an unrepresentative group of pro-
viders. Participants were likely to be active on professional
listservs, attend conferences, or be employed in one of the
major gender centers in the USA, thus potentially yielding a
skewed group of respondents who value the issue of FP and
are more engaged in FP counseling than non-participating
peers. Those seeking hormones in street markets or online,
or youth without supportive family, are unlikely to receive
care from providers represented in our study; thus, barriers
to fertility care specific to high-risk transgender populations
were most likely not represented. Finally, this paper reports on
provider-perceived barriers to FP, which may or may not cor-
respond with patient and/or family perceptions, important is-
sues to address with continuing research.

To our knowledge, this is the first study to report on pro-
vider experiences, perceptions, and challenges regarding fer-
tility counseling with their patients and corresponds to other
research demonstrating a need for training in general for
healthcare professionals with regard to transgender patient
care. Prior studies have examined the perceived barriers for
medical providers in the provision of healthcare in general for
transgender patients, finding lack of training and/or knowl-
edge to be an obstacle to care [54, 55]. Others have reported
on the experiences of LGBTQ individuals seeking reproduc-
tive health care, as well as transgender adults already engaging
in assisted reproduction services. For instance, Wingo et al.
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found that LGBTQ individuals’ assigned female at birth re-
ported a number of barriers to accessing care, including per-
ceived discrimination and inadequate provider competency in
LGBTQ health care [56]. James-Abra et al. studied transgen-
der adult reported experiences with assisted reproduction ser-
vices, finding that some patients reported positive experiences
(e.g., trans-friendly environments), while patient perceived
barriers were also identified (e.g., problems with clinical doc-
umentation and challenges associated with provider
heteronormative assumptions) [34]. Additionally, a number
of articles have provided overviews of fertility options for
transgender individuals and include some limited discussion
of clinical and counseling complexities and considerations
[57–59]. Yet, none of these authors empirically studied mental
health and medical provider experiences with fertility counsel-
ing in transgender patients.

Our findings are significant in light of guidelines advising
providers of transgender health care to counsel regarding the
potential fertility impacts of intervention. This study highlights
several key issues, including the following: the need for spe-
cific fertility-related training and resources for providers, an
understanding that mental health and medical providers may
serve different roles in counseling that should be delineated,
and the need for guidance regarding ethical issues such as
appropriate counseling practices when families are known
not to have the financial resources to follow-through with FP
interventions. It is likely that counseling transgender youth
about fertility would differ somewhat from other pediatric pop-
ulations, including patients counseled in the pediatric oncology
context. The need for fertility counseling with transgender
youth can sometimes be anticipated well in advance of medical
intervention, thus allowing for more time for such counseling
to take place, and patients are unlikely to be concerned about
not surviving their medical treatment. Counseling transgender
youth, unlikemost cancer patients, would also need to take into
consideration the nomenclature the youth uses for reproductive
body parts and gametes. Further, although there are many can-
cer treatments that we know definitively will cause fertility
impairment, the science is less certain for gender-affirming
hormones. However, there are similarities from the
oncofertility literature that would apply, including acknowl-
edgement that the conversation could be embarrassing and
recognizing the youth may not have ever stopped to consider
whether they wanted genetic children. The American
Academy of Pediatrics (AAP) has published general guidelines
about fertility counseling in pediatrics that can be potentially
helpful for providers working with transgender youth [3, 60],

The insights into perceived barriers and challenges to fertility
counseling with transgender individuals reported in this study
can inform future research which could ultimately serve as a
basis for intervention development to optimize clinical practices
with this population in general, as well as fertility counseling
specifically. For instance, future studies can investigate

transgender youth and adult perceptions of barriers and chal-
lenges; identify effective methods of providing fertility-related
information to patients and families, including using single or
multiple sessions, and online or written information in addition
to verbally-imparted material; and determine whether having
bothmedical andmental health providers engaged in counseling
increases patient knowledge and satisfaction with the process.
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