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Abstract

Introduction

Female cancer survivors who received gonadotoxic cancer treatment are at risk for pro-

found diminished ovarian reserve and/or primary ovarian insufficiency with resulting infertil-

ity, which can be associated with distress and decreased quality of life.. Despite prioritizing

future parenthood, many survivors are unsure of the impact of their treatment on their future

fertility, and little is known about the perceived reproductive health needs and factors associ-

ated with receipt of a fertility status assessment (FSA). There is a lack of developmentally

appropriate reproductive health decisional support interventions available for emerging

adult cancer survivors. This study will explore the perceived reproductive health needs of

emerging adult female survivors of childhood cancer and to identify decisional and contex-

tual factors that influence pursuit of FSA using an explanatory sequential quantitative to

qualitative mixed methods design.

Methods and analysis

This study will enroll 325 female survivors (aged 18 to 29 years and >1-year post treatment;

diagnosed with cancer < age 21 years) from four cancer centers in the United States. Socio-

demographic and developmental factors, reproductive knowledge and values, decisional

needs, and receipt of an FSA will be assessed through a web-based survey. Informed by
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survey findings, a subset of participants will be recruited for qualitative interviews to explore

decisional factors associated with uptake of an FSA. Clinical data will be abstracted from the

medical records. Multivariable logistic regression models will be developed to identify factors

associated with FSA and qualitative descriptive analysis will be used to develop themes

from the interviews. Quantitative and qualitative findings will be merged using a joint display

to develop integrated study conclusions and direct future interventional research.

Introduction

Cancer treatment has improved such that survival rates overall for childhood and adolescent

cancer now surpass 80% [1]. There are nearly 400,000 survivors of childhood/adolescent can-

cers in the United States, most of whom are now young adults and in their reproductive years

[2]. Survivors who received gonadotoxic therapies are at risk for cancer treatment-related

infertility [3, 4]. Infertility rates range from 11–26% among young adult female cancer survi-

vors [5] and when compared with healthy siblings, female survivors are more likely to experi-

ence infertility [6] and less likely to report a pregnancy [7]. A large proportion of female

survivors of childhood cancer receive gonadotoxic treatment, representing a population who

may be at risk for a shortened reproductive window and potentially interested in fertility pres-

ervation post cancer treatment [8, 9].

The ability to conceive and have children is a priority among patients and families from the

time of cancer diagnosis [10] into long-term survivorship [11–13]. Across multiple studies of

female survivors of childhood cancer,>75% report a desire for children in the future [12, 14,

15]. Potential infertility is a substantial source of distress for young adult cancer survivors and

has been associated with depression, anxiety, stress, and trauma [16–18]. Uncertainty about

their own gonadal function and risk for infertility is reported by 48–77% of survivors of child-

hood cancer, despite their interest in biological children, underscoring the need for interven-

tions to increase uptake of gonadal assessments among interested survivors [19–21]. In an

earlier study, over half of 179 female cancer survivors (mean age 29 years) reported unmet

information needs regarding their options to assess and preserve fertility during survivorship.

Unmet needs were associated with greater decisional conflict (i.e., feeling conflicted about a

course of action) regarding fertility preservation post cancer treatment, while the receipt of a

fertility evaluation was related to lower decisional conflict [22].

There are no definitive tests that predict fertility among cancer survivors, as fertility can be

affected by various factors which are unrelated to previous gonadotoxic treatments including

the partner’s health, sperm quality/quantity, health problems that impact fecundity, lifestyle/

behavioral factors, and others. Assessing the risk for infertility among cancer survivors

includes consideration of prior gonadotoxic exposures and other medical history, gonadal

assessment, and counseling regarding family building options, which can broadly be described

as a fertility status assessment (FSA). An FSA for females typically includes a medical history,

assessment of menstrual-cycle specific laboratory hormones and a pelvic ultrasound with

antral follicle count. This testing should be followed by discussion of ovarian reserve and the

risk of infertility and/or premature ovarian insufficiency, and available treatment options.

These consults are typically completed by reproductive endocrinologists [23]. Among survi-

vors who received gonadotoxic cancer treatments, a consultation and FSA is recommended in

accordance with national guidelines among interested patients [24]. Prior studies demonstrate

that young female cancer survivors are interested in an FSA and receiving further reproductive
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health counseling [25, 26]. Females who are at risk for premature ovarian insufficiency may

have a shortened window for fertility preservation, therefore timely assessment provides an

opportunity for discussing options for fertility preservation, and potentially intervening in a

timely fashion in order to improve preservation outcomes. However, little is known regarding

factors that influence uptake of an FSA in female survivors of childhood cancer.

Reproductive health and consideration of FSA is particularly relevant to the emerging adult

population. This is because emerging adulthood (18–25 years of age) represents a developmen-

tal period of transition from adolescence to adulthood [27]. Emerging adults are diverse in

their level of independence and achievement of milestones, including educational attainment,

employment, and relationship status, which may impact a survivor’s pursuit of an FSA [27,

28]. Psychologically, emerging adulthood is a time of experiencing possibilities, exploration,

and feeling ‘in between’ childhood and adulthood [27]. During emerging adulthood, cancer

survivors may be newly accessing reproductive health services, forming committed romantic

relationships, and navigating the expectations of friends and family members regarding fam-

ily-building. In this developmental context, emerging adulthood may be a time when survivors

are anxious to explore their options for biological parenthood through an FSA.

Study purpose

While potential infertility is a top concern among young cancer survivors, little is known

about the perceived reproductive health needs and factors associated with uptake of a FSA

among female cancer survivors. The purpose of this two-phase sequential quantitative to quali-

tative mixed methods study is to explore the perceived reproductive health needs of female

cancer survivors and to identify decisional and contextual factors that influence receipt of an

FSA. The goal of the first, quantitative study phase is to establish a knowledge base of the

reproductive health needs of this population and identify sociodemographic, developmental,

and reproductive-health factors that are related to receipt of an FSA. This will be achieved by

surveying 325 survivors recruited from four cancer centers across the United States. The goal

of the second, qualitative phase, is to build on the quantitative results and elucidate patient

experiences with FSA and preferences for a decisional support intervention by interviewing 32

survey participants purposefully selected based on their reported receipt/interest in an FSA.

The rationale for integrating quantitative and qualitative methods in this study is to expand

our understanding of the factors that influence survivors’ receipt of reproductive health ser-

vices and to inform the development of a decisional support intervention for survivors inter-

ested in an FSA. Quantitative, qualitative, and mixed methods research questions to guide the

study are:

Quantitative: What are the reproductive health values, behaviors, and knowledge gaps of

young adult female survivors of childhood cancer? Which sociodemographic, developmental,

and reproductive health factors are related to receipt of an FSA?

Qualitative: How do contextual factors influence female cancer survivors’ decision to pur-

sue or not pursue an FSA? What are barriers or facilitators to accessing an FSA and/or repro-

ductive health services?

Mixed Methods: What components, grounded by the quantitative and qualitative results,

should be incorporated into reproductive health and decisional support interventions to address

barriers and increase decisional satisfaction for young adult females considering an FSA?
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Methods and analysis

Study design

While there have been independent quantitative and qualitative investigations in this area, a

mixed methods approach is necessary to fully understand survivor perspectives regarding

reproductive health and FSA, with a focus toward future intervention development and test-

ing. Mixed methods research involves the collection of both quantitative and qualitative data,

with a key feature of integrating findings to determine meta-inferences or integrated study

conclusions [29]. A two-phase mixed methods study design will enhance assessment of the

developmental factors, psychological and cultural considerations, and provide insight into par-

ticipants’ experiences in accessing an FSA. The depth of the qualitative data will complement

the quantitative data, minimizing the weaknesses in the use of each approach in the study [30].

Using pragmatic philosophical lens, this study will combine and mix data to represent multiple

perspectives which will contribute to both a broader and deeper understanding [31, 32].

Results will guide the development of a decisional support intervention and identify additional

areas of focus for reproductive health research.

This study is informed by the Ottawa Decision Support Framework that purports an indi-

vidual’s decisional needs will affect decision quality, behavior, and emotions regarding the

decision [33]. The conceptual model, including concepts of interest, is presented in Fig 1. The

timing of data collection is sequential, with quantitative data collection and analysis conducted

first to inform the sample and data collection for the subsequent qualitative phase. Quantita-

tive data is weighted more heavily to align with the primary aim of identifying reproductive

health needs and decisional factors amongst a large, representative sample. The quantitative

phase includes strategies to enhance generalizability of the findings, described later under

Quality Assurance, and utilizes prior research in the field to inform quantitative measurement.

Additionally, the study is centered around receipt of FSA, which is an outcome that will be

measured through the quantitative phase. Findings from the qualitative phase will expand on

survivors’ experiences with reproductive health and FSA to inform intervention development.

The procedures and points of integration (connecting phases and integrated analysis) are

included in Fig 2.

Fig 1. Study conceptual model.

https://doi.org/10.1371/journal.pone.0286511.g001
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Study setting

The population of interest for this study is female survivors of childhood cancer, 18 through 29

years of age. A sample of 325 survivors will be identified and recruited from four cancer cen-

ters throughout the United States. The participating sites have established fertility clinical ser-

vices, are active members of the Children’s Oncology Group, and have a history of

collaboration through the Pediatric Initiative Network of the Oncofertility Consortium [34].

These sites were selected to represent a geographically diverse population of cancer survivors

and have established fertility programs where they refer cancer survivors for FSA (outcome of

interest). Fertility programs are not uniformly present across cancer centers [35], therefore it

was important to choose sites where participants would have the opportunity to pursue an

FSA. All sites completed a site selection survey, reporting their estimated number of eligible

patients and establishing the process for which they would identify eligible participants (using

site specific registries/databases etc.).

Participants are eligible for this study if they are (1) 18.00 to 29.99 years of age, (2) diagnosis

of cancer < 21.00 years of age, (3) female sex, and (4) received gonadotoxic cancer treatment

(e.g., alkylating chemotherapy agents, heavy metal chemotherapy, radiation including the

gonads, cranial radiation� 30 Gy, or hematopoietic cell transplant) [4]. Participants are

Fig 2. Sequential mixed methods procedural diagram. Sequential QUAN!Qual mixed methods procedural diagram (QUAN = quantitative; Qual = Qualitative;

FSA = fertility status assessment; figure adapted from Ivankova, Creswell, & Stick, 2006 [30]).

https://doi.org/10.1371/journal.pone.0286511.g002
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excluded if they (1) have cognitive dysfunction such that they would be unable to complete the

survey, or (2) bilateral oophorectomy. Participants who speak English or Spanish are eligible

to complete the quantitative survey. Recruitment is stratified across age groups, with emphasis

on the early years of emerging adulthood to ensure a developmentally-diverse sample; with a

goal of recruiting two-thirds of the sample from participants 18.00–24.99 years of age

(n = 215) and one-third from participants 25.00–29.99 years of age (n = 110).

The primary endpoint for this study is receipt of an FSA (measured as yes vs. no/I don’t

know). Based on insights from the literature, and our own clinical experiences, we anticipate

20% (n = 65) of the sample will have received an FSA and 260 respondents will have not. This

sample size, obtained by sampling 4 study sites, achieves 80% statistical power to detect an

odds ratio of 2.4 for discrete exposures. This odds ratio corresponds to 70.4% of respondents

in the FSA group having the exposure, versus 50% of respondents in the non-FSA group hav-

ing the exposure (i.e., a percent difference of 20.4%). Power was calculated in PASS v.14.0.8

(Kaysville, UT), with a two-sided un-pooled Z-test, an intra-cluster correlation (ICC) of 0.01,

and a statistical significance level of 0.05.

Sampling

Quantitative phase. This study will use a probability approach to sampling for the quanti-

tative phase to maximize the representativeness of the study sample. The participating study

teams will identify eligible patients using site-specific databases, cancer registry data, or similar

methods. Each site then randomizes their list of eligible patients and consecutively recruits

through email/phone call until recruitment goals are reached for their site; survivors may also

be approached during in-person clinical visits. Prospective participants then receive a link to

complete the web-based REDCap survey; consent for participation is obtained at the beginning

of the survey. Participants receive a $10 gift card for completing the survey.

Qualitative phase. Participants for the qualitative interviews will be recruited purposively

from those who indicated on the survey that they (1) would be willing to take part in a qualita-

tive interview and (2) responded to the survey item assessing receipt of an FSA. The interview-

ers for this study are English-speaking, therefore only participants who speak English will be

invited to take part in the qualitative interview. We will use a qualitative descriptive approach,

which is low-inference and seeks to describe the experiences of participants through their

words and experiences [36]. In line with this approach, we will use maximum variation sam-

pling, which is a preferred method for descriptive qualitative inquiry [37, 38]. The participants

will be varied across each of the four participating sites and by receipt of FSA. Interviews will

be conducted until data saturation is reached; we estimate the sample size to be 32 participants.

Participants will receive a $30 e-gift card for completing an interview.

Data collection

Quantitative phase. Data for the quantitative phase will be collected through a web-based

survey assessing sociodemographic and developmental factors, reproductive factors, psycho-

logical and decisional factors, and history of FSA. Sociodemographic factors include gender

identity, race/ethnicity, religion, education level, household income, insurance and relation-

ship status, and items are consistent with national surveys of young adults [39]. Developmental

factors will be assessed through the lens of emerging adulthood using The Markers of Adult-

hood (MoA) [28, 40] and the IDEA-8 [41] which have been used in large multi-site studies

with emerging adults across diverse populations [42]. We will assess reproductive knowledge

regarding cancer and fertility preservation [43], fertility after cancer (e.g., impact of cancer

treatment on fertility, knowledge of infertility testing and treatment) [44, 45], and survivors’
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perceived risk for infertility compared with peers who have not had cancer [21]. Reproductive

values will be assessed using the modified Reproductive Concerns Scale (mRCS), which has

been validated among adolescent and young adult survivors of childhood cancer [46, 47], the

Fertility Problem Inventory Short Form [48, 49], and the Couple’s Relationship Concern sub-

scale from the Reproductive Concerns After Cancer scale [50, 51].

Reproductive health behaviors include pregnancy and birth history, contraceptive history

and current use, and sexual behaviors [39, 52]. Reproductive health needs will be assessed

through items identifying unmet educational needs, contraceptive use and patterns, and inter-

est in FSA. Decisional conflict will be measured using the Decisional Conflict Scale, and deci-

sional satisfaction among participants who have received an FSA will be measured using the

Effective Decision Subscale [53]. Participants who respond ‘Yes’ to the Fertility Status Assess-

ment item will also be asked details about this assessment (e.g., testing, results, discussion of

infertility treatment options). Participants who respond ‘No’ or ‘I don’t know’ will be asked

their level of interest for completing an FSA and perceived barriers to not receiving an FSA

(e.g., lack of awareness, cost) [54].

Clinical characteristics, including cancer diagnosis, date of diagnosis, number of cancer

survivor clinical encounters, gonadotoxic therapuetic exposures [alkylating and heavy

metal chemotherapy, gonadoxic radiation], surgeries, history of hematopoietic cell trans-

plant, and date of cancer treatment completion will be abstracted from participant’s medical

records using an adapted version of the Children’s Oncology Group Summary of Cancer

Treatment Template [24].

Qualitative phase. Data for the qualitative phase will be collected through semi-struc-

tured interviews. Participants will be contacted and invited to complete a 45-minute semi-

structured interview over the phone or using Zoom web conferencing (HIPAA compliant)

with a trained qualitative interviewer. Consistent with a sequential design, the interview guide

will be developed and informed by descriptive results from the quantitative phase [30]. We

anticipate that the interviews will include a discussion of factors that influenced participants’

awareness of FSA options, decision to pursue or not pursue FSA, satisfaction with that deci-

sion, barriers encountered when accessing FSA, and resources needed to support survivors

who are interested in FSA.

Study timeline

Study recruitment and quantitative data collection began April 4th, 2022 at the coordinating

center, with all participating sites actively recruiting by January 11, 2023. Qualitative data col-

lection is planned to begin in summer 2023.

Data analysis

Quantitative phase. Descriptive statistics will be examined using means and standard

deviations, medians and interquartile ranges, or percentages and frequencies, as appropriate.

For the primary outcome variable (i.e., “yes” for an FSA), multivariable logistic regression

models will be developed to identify factors related to receipt of an FSA. Final multivariable

results will be guided by the bivariable associations and determined using backward selection

procedures, as well as any clinically relevant variables.

Qualitative phase. Interviews will be audio-recorded and professionally transcribed ver-

batim and checked for accuracy [55]. Inductive thematic analysis will be used, which involves

searching for patterns and meanings in the data by systematically organizing the data into cate-

gories and themes from specific to general. Node reports (e.g., text associated with a specific

code) will be generated by the research team members with expertise in qualitative research,
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using NVivo (v12) to facilitate identification of sub-themes and similarities and differences by

group (i.e., site and receipt of FSA, as well as sociodemographic factors) [56]. Final themes and

sub-themes will be presented and agreed upon within the research team.

Quality assurance

To assure quality in this mixed methods study, we will use strategies associated with the quan-

titative phase, qualitative phase, and strategies that support mixed methods meta-inferences

[57, 58]. Strategies to enhance quality in the quantitative phase include using a random sam-

pling approach to increase generalizability and external validity of the findings to the larger

population of interest. We determined our sample size after conducting a power analysis to

ensure we would be able to detect clinical meaningful differences between survivors who had

and had not received an FSA. We have also chosen measures for the survey that are validated

in the participant age range to increase internal validity. Finally, all study staff have undergone

training to ensure fidelity to the protocol across sites [59]. Data will be managed using RED-

Cap [60] and a data management plan will be used throughout the study to track data collec-

tion and ensure adherence to the study protocol. Upon study completion, data will be available

with request.

Strategies to enhance credibility and trustworthiness for the qualitative phase include the

use of field notes and reflexive journaling throughout the interview and analysis process [59].

After the development of the codebook, each interview will be coded independently by two

analysts with discrepancies resolved through discussion; intercoder agreement will be tracked

and evaluated using the Cohen’s kappa statistical test. Member checking may be implemented

with a subset of participants, although this may be challenging to complete with all

participants.

To enhance the quality of the mixed methods meta-inferences we will focus on addressing

veracity, consistency, applicability, and neutrality [59]. The quantitative and qualitative quality

strategies to increase validity and credibility will contribute to high quality meta-inferences, or

overall conclusions of the study. To demonstrate neutrality, we are publishing this protocol

paper and will report deviations from the protocol that may occur throughout the study.

When reporting the findings, we will provide a clear explanation of how data from each phase

contributed to the meta-inference. Quality of the design will be accomplished by using data

from the quantitative phase to inform the sample for the qualitative phase, using a maximum

variation approach to enhance sample integration [58].

Integration

In addition to the points of connection between the survey phase and interview phase, the

quantitative results and qualitative findings will be mixed to generate meta-inferences or inte-

grated study conclusions regarding factors that contribute to FSA and factors to be addressed

through a decisional support intervention. This will involve identifying critical content and

resources to include in the decisional support intervention and refining measurement tools

and outcomes for the testing of the intervention. Qualitative findings will be integrated with

the quantitative descriptive and multivariable model results to further describe decisional satis-

faction and associated concepts [61]. This will help to examine decisional satisfaction as a rele-

vant and modifiable intervention outcome and identify factors to be targeted through an

intervention.

A joint display will be used to assist with integrative analysis [62]. This will entail creating

tables and matrices of quantitative results (e.g., facilitators and barriers to fertility status assess-

ment reported on the survey) and corresponding qualitative themes, sub-themes, and
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illustrative quotes. The integrated analysis will focus on facilitators and barriers to fertility sta-

tus assessment that can be incorporated in a decisional support intervention, as well as explor-

ing decisional satisfaction as a relevant intervention outcome. Additional mixed methods

integrated analysis approaches could include a linked case analysis, using both quantitative

and qualitative data from an individual [61]. Data transformation, likely through quantifying

qualitative data, may also be of relevance. It is reasonable to anticipate that qualitative themes

related to lack of knowledge about FSA and fertility care could be quantified and then con-

trasted with overall scores on similar scales from the survey [63].

Qualitative data will be summarized, with illustrative quotes, into matrices by site and FSA

status of participant to further identify patterns [64]. Data will be stratified by site to examine

whether there are site specific characteristics facilitating or hindering access to FSA. Matrices

will be reviewed by the PI and two qualitative analysts; an audit trail will be provided to

increase trustworthiness in the findings [65]. These matrices will then be transformed into a

descriptive summary of the decision-making process, including influences, facilitators, barri-

ers, and other relevant factors regarding FSA.

Ethics and dissemination

This study has been approved by the coordinating center institutional review board (Emory

University IRB #00003083) and will be approved by all participating site institutional review

boards (Cincinnati Children’s, University of Colorado/Children’s Hospital Colorado, Wash-

ington University/St Louis Children’s Hospital) prior to recruitment of participants. Informed

consent will be obtained from participants prior to completing any aspect of the study. All data

will be collected and stored through the password protected and secure REDCap database;

audio recordings for qualitative interviews will be stored in password protected files on the

secure Emory University server. At each participating site, access to data will be restricted to

approved study team members and study-related files will be stored in password protected

files. Data will be deidentified whenever possible through the use of assigned study identifica-

tion numbers. Findings from this study will be disseminated through presentation at academic

and professional conferences and in peer-reviewed journal.

Discussion

Little is known about the perceived reproductive health needs and factors associated with

receipt of an FSA among emerging adult female cancer survivors. Overall, prior research has

been limited by small sample sizes and lacking in comprehensive assessment of clinical and

treatment characteristics, sociodemographic, developmental, and psychological factors related

to FSA, all aspects that will be addressed through this study. Through a mixed methods

approach, this study will allow for a better understanding of the of factors association with

FSA uptake and the decisional processes amongst both survivors who have and have not

received an FSA.

This study will use a developmental framework to identify factors related to an FSA among

female cancer survivors in emerging adulthood. Studies of reproductive health among cancer

survivors have traditionally included a very wide age range (e.g., 15 to 39 years) without

accounting for the unique developmental features and milestones that occur during emerging

adulthood. There is a lack of developmentally appropriate reproductive health and fertility-

related psychoeducational and decisional support interventions available for emerging adult

cancer survivors. By focusing on a distinct population of cancer survivors during a develop-

mental period that is ripe for fertility-related distress and family building, results of this study

have a strong translational application for survivors who are in their reproductive years.
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Furthermore, this work will inform future interventions to promote uptake of FSA among

interested female cancer survivors.

Supporting information

S1 File. Study protocol.

(PDF)

Author Contributions

Conceptualization: Brooke Cherven, Nataliya V. Ivankova, Jessica B. Spencer,

Anne M. Fitzpatrick, Ann C. Mertens, James L. Klosky.

Data curation: Karen C. Burns, Jenna Demedis, Holly R. Hoefgen.

Funding acquisition: Brooke Cherven.

Investigation: Brooke Cherven, Karen C. Burns, Jenna Demedis, Holly R. Hoefgen,

Ann C. Mertens, James L. Klosky.

Methodology: Brooke Cherven, Jessica B. Spencer, Ann C. Mertens, James L. Klosky.

Project administration: Brooke Cherven.

Writing – original draft: Brooke Cherven, Nataliya V. Ivankova, Ann C. Mertens,

James L. Klosky.

Writing – review & editing: Brooke Cherven, Nataliya V. Ivankova, Jessica B. Spencer,

Anne M. Fitzpatrick, Karen C. Burns, Jenna Demedis, Holly R. Hoefgen, Ann C. Mertens,

James L. Klosky.

References

1. Howlader N, Noone, AM., Krapcho, M., Miller, D., Brest, A., Yu, M., et al,. SEER Cancer Statistics

Review, 1975–2016, National Cancer Institute Bethesda, MD: National Cancer Institute; 2019 [Avail-

able from: https://seer.cancer.gov/csr/1975_2016/].

2. Phillips SM, Padgett LS, Leisenring WM, Stratton KK, Bishop K, Krull KR, et al. Survivors of childhood

cancer in the United States: prevalence and burden of morbidity. Cancer Epidemiol Biomarkers Prev.

2015; 24(4):653–63. https://doi.org/10.1158/1055-9965.EPI-14-1418 PMID: 25834148

3. Hudson MM, Ness KK, Gurney JG, Mulrooney DA, Chemaitilly W, Krull KR, et al. Clinical ascertainment

of health outcomes among adults treated for childhood cancer. Jama. 2013; 309(22):2371–81. https://

doi.org/10.1001/jama.2013.6296 PMID: 23757085

4. Meacham LR, Burns K, Orwig KE, Levine J. Standardizing Risk Assessment for Treatment-Related

Gonadal Insufficiency and Infertility in Childhood Adolescent and Young Adult Cancer: The Pediatric Ini-

tiative Network Risk Stratification System. J Adolesc Young Adult Oncol. 2020. https://doi.org/10.1089/

jayao.2020.0012 PMID: 32456570

5. Chemaitilly W, Cohen LE. DIAGNOSIS OF ENDOCRINE DISEASE: Endocrine late-effects of childhood

cancer and its treatments. Eur J Endocrinol. 2017; 176(4):R183–r203. https://doi.org/10.1530/EJE-17-

0054 PMID: 28153840

6. Barton SE, Najita JS, Ginsburg ES, Leisenring WM, Stovall M, Weathers RE, et al. Infertility, infertility

treatment, and achievement of pregnancy in female survivors of childhood cancer: a report from the

Childhood Cancer Survivor Study cohort. Lancet Oncol. 2013; 14(9):873–81. https://doi.org/10.1016/

S1470-2045(13)70251-1 PMID: 23856401

7. Green DM, Kawashima T, Stovall M, Leisenring W, Sklar CA, Mertens AC, et al. Fertility of female survi-

vors of childhood cancer: a report from the childhood cancer survivor study. J Clin Oncol. 2009; 27

(16):2677–85. https://doi.org/10.1200/JCO.2008.20.1541 PMID: 19364965

8. Chemaitilly W, Li Z, Krasin MJ, Brooke RJ, Wilson CL, Green DM, et al. Premature Ovarian Insuffi-

ciency in Childhood Cancer Survivors: A Report From the St. Jude Lifetime Cohort. J Clin Endocrinol

Metab. 2017; 102(7):2242–50. https://doi.org/10.1210/jc.2016-3723 PMID: 28368472

PLOS ONE Fertility assessment among female cancer survivors protocol

PLOS ONE | https://doi.org/10.1371/journal.pone.0286511 June 14, 2023 10 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0286511.s001
https://seer.cancer.gov/csr/1975_2016/
https://doi.org/10.1158/1055-9965.EPI-14-1418
http://www.ncbi.nlm.nih.gov/pubmed/25834148
https://doi.org/10.1001/jama.2013.6296
https://doi.org/10.1001/jama.2013.6296
http://www.ncbi.nlm.nih.gov/pubmed/23757085
https://doi.org/10.1089/jayao.2020.0012
https://doi.org/10.1089/jayao.2020.0012
http://www.ncbi.nlm.nih.gov/pubmed/32456570
https://doi.org/10.1530/EJE-17-0054
https://doi.org/10.1530/EJE-17-0054
http://www.ncbi.nlm.nih.gov/pubmed/28153840
https://doi.org/10.1016/S1470-2045(13)70251-1
https://doi.org/10.1016/S1470-2045(13)70251-1
http://www.ncbi.nlm.nih.gov/pubmed/23856401
https://doi.org/10.1200/JCO.2008.20.1541
http://www.ncbi.nlm.nih.gov/pubmed/19364965
https://doi.org/10.1210/jc.2016-3723
http://www.ncbi.nlm.nih.gov/pubmed/28368472
https://doi.org/10.1371/journal.pone.0286511


9. Clark RA, Mostoufi-Moab S, Yasui Y, Vu NK, Sklar CA, Motan T, et al. Predicting acute ovarian failure

in female survivors of childhood cancer: a cohort study in the Childhood Cancer Survivor Study (CCSS)

and the St Jude Lifetime Cohort (SJLIFE). Lancet Oncol. 2020; 21(3):436–45. https://doi.org/10.1016/

S1470-2045(19)30818-6 PMID: 32066539

10. Burns KC, Boudreau C, Panepinto JA. Attitudes regarding fertility preservation in female adolescent

cancer patients. J Pediatr Hematol Oncol. 2006; 28(6):350–4. https://doi.org/10.1097/00043426-

200606000-00006 PMID: 16794502

11. Armuand GM, Wettergren L, Rodriguez-Wallberg KA, Lampic C. Desire for children, difficulties achiev-

ing a pregnancy, and infertility distress 3 to 7 years after cancer diagnosis. Support Care Cancer. 2014;

22(10):2805–12. https://doi.org/10.1007/s00520-014-2279-z PMID: 24817617

12. van Dijk M, van den Berg MH, Overbeek A, Lambalk CB, van den Heuvel-Eibrink MM, Tissing WJ, et al.

Reproductive intentions and use of reproductive health care among female survivors of childhood can-

cer. Hum Reprod. 2018; 33(6):1167–74. https://doi.org/10.1093/humrep/dey058 PMID: 29617794

13. Gorman JR, Drizin JH, Mersereau JE, Su HI. Applying behavioral theory to understand fertility consulta-

tion uptake after cancer. Psychooncology. 2019; 28(4):822–9. https://doi.org/10.1002/pon.5027 PMID:

30761655

14. Sandheinrich T, Wondmeneh SB, Mohrmann C, Gettinger K, Henry J, Hayashi RJ. Knowledge and per-

ceptions of infertility in female cancer survivors and their parents. Support Care Cancer. 2018; 26

(7):2433–9. https://doi.org/10.1007/s00520-018-4080-x PMID: 29427193

15. Reinmuth S, Liebeskind AK, Wickmann L, Bockelbrink A, Keil T, Henze G, et al. Having children after

surviving cancer in childhood or adolescence—results of a Berlin survey. Klin Padiatr. 2008; 220

(3):159–65. https://doi.org/10.1055/s-2008-1073143 PMID: 18478488

16. Logan S, Perz J, Ussher JM, Peate M, Anazodo A. Systematic review of fertility-related psychological

distress in cancer patients: Informing on an improved model of care. Psychooncology. 2019; 28(1):22–

30. https://doi.org/10.1002/pon.4927 PMID: 30460732

17. Gilleland Marchak J, Elchuri SV, Vangile K, Wasilewski-Masker K, Mertens AC, Meacham LR. Percep-

tions of Infertility Risks Among Female Pediatric Cancer Survivors Following Gonadotoxic Therapy.

Journal of pediatric hematology/oncology. 2015; 37(5):368–72. https://doi.org/10.1097/MPH.

0000000000000349 PMID: 25985237

18. Gorman JR, Malcarne VL, Roesch SC, Madlensky L, Pierce JP. Depressive symptoms among young

breast cancer survivors: the importance of reproductive concerns. Breast Cancer Res Treat. 2010; 123

(2):477–85. https://doi.org/10.1007/s10549-010-0768-4 PMID: 20130979

19. Lehmann V, Keim MC, Nahata L, Shultz EL, Klosky JL, Tuinman MA, et al. Fertility-related knowledge

and reproductive goals in childhood cancer survivors: short communication. Hum Reprod. 2017; 32

(11):2250–3. https://doi.org/10.1093/humrep/dex297 PMID: 29040512

20. Cherven BO, Mertens A, Wasilewski-Masker K, Williamson R, Meacham LR. Infertility Education: Expe-

riences and Preferences of Childhood Cancer Survivors. J Pediatr Oncol Nurs. 2016; 33(4):257–64.

https://doi.org/10.1177/1043454215607342 PMID: 26582171

21. Lehmann V, Chemaitilly W, Lu L, Green DM, Kutteh WH, Brinkman TM, et al. Gonadal Functioning and

Perceptions of Infertility Risk Among Adult Survivors of Childhood Cancer: A Report From the St Jude

Lifetime Cohort Study. J Clin Oncol. 2019; 37(11):893–902. https://doi.org/10.1200/JCO.18.00965

PMID: 30811296

22. Benedict C, Thom B, N Friedman D, Diotallevi D, M Pottenger E, J Raghunathan N, et al. Young adult

female cancer survivors’ unmet information needs and reproductive concerns contribute to decisional

conflict regarding posttreatment fertility preservation. Cancer. 2016; 122(13):2101–9. https://doi.org/10.

1002/cncr.29917 PMID: 27213483

23. Hansen KR, Hodnett GM, Knowlton N, Craig LB. Correlation of ovarian reserve tests with histologically

determined primordial follicle number. Fertil Steril. 2011; 95(1):170–5. https://doi.org/10.1016/j.

fertnstert.2010.04.006 PMID: 20522327

24. Children’s Oncology Group. Long-Term Follow-Up Guidelines for Survivors of Childhood, Adolescent,

and Young Adult Cancers Version 5.0; Summary of Cancer Treatment Version 2018 [Available from:

www.survivorshipguidelines.org]

25. Cherven B, Williamson Lewis R, Pruett M, Meacham L, Klosky J. Interest in fertility status assessment

among young adult survivors of childhood cancer. Cancer Medicine. 2022:Under Review. https://doi.

org/10.1002/cam4.4887 PMID: 35651304

26. Meacham LR, Williamson-Lewis R, Cherven BO, Effinger KE, Klosky JL, Gilleland-Marchak J. Educa-

tional Intervention to Address Infertility-Related Knowledge Gaps Among Adolescent and Young Adult

Survivors of Childhood Cancer. Journal of adolescent and young adult oncology. 2020:10.1089/

jayao.2019.0156. https://doi.org/10.1089/jayao.2019.0156 PMID: 32069427

PLOS ONE Fertility assessment among female cancer survivors protocol

PLOS ONE | https://doi.org/10.1371/journal.pone.0286511 June 14, 2023 11 / 13

https://doi.org/10.1016/S1470-2045(19)30818-6
https://doi.org/10.1016/S1470-2045(19)30818-6
http://www.ncbi.nlm.nih.gov/pubmed/32066539
https://doi.org/10.1097/00043426-200606000-00006
https://doi.org/10.1097/00043426-200606000-00006
http://www.ncbi.nlm.nih.gov/pubmed/16794502
https://doi.org/10.1007/s00520-014-2279-z
http://www.ncbi.nlm.nih.gov/pubmed/24817617
https://doi.org/10.1093/humrep/dey058
http://www.ncbi.nlm.nih.gov/pubmed/29617794
https://doi.org/10.1002/pon.5027
http://www.ncbi.nlm.nih.gov/pubmed/30761655
https://doi.org/10.1007/s00520-018-4080-x
http://www.ncbi.nlm.nih.gov/pubmed/29427193
https://doi.org/10.1055/s-2008-1073143
http://www.ncbi.nlm.nih.gov/pubmed/18478488
https://doi.org/10.1002/pon.4927
http://www.ncbi.nlm.nih.gov/pubmed/30460732
https://doi.org/10.1097/MPH.0000000000000349
https://doi.org/10.1097/MPH.0000000000000349
http://www.ncbi.nlm.nih.gov/pubmed/25985237
https://doi.org/10.1007/s10549-010-0768-4
http://www.ncbi.nlm.nih.gov/pubmed/20130979
https://doi.org/10.1093/humrep/dex297
http://www.ncbi.nlm.nih.gov/pubmed/29040512
https://doi.org/10.1177/1043454215607342
http://www.ncbi.nlm.nih.gov/pubmed/26582171
https://doi.org/10.1200/JCO.18.00965
http://www.ncbi.nlm.nih.gov/pubmed/30811296
https://doi.org/10.1002/cncr.29917
https://doi.org/10.1002/cncr.29917
http://www.ncbi.nlm.nih.gov/pubmed/27213483
https://doi.org/10.1016/j.fertnstert.2010.04.006
https://doi.org/10.1016/j.fertnstert.2010.04.006
http://www.ncbi.nlm.nih.gov/pubmed/20522327
http://www.survivorshipguidelines.org
https://doi.org/10.1002/cam4.4887
https://doi.org/10.1002/cam4.4887
http://www.ncbi.nlm.nih.gov/pubmed/35651304
https://doi.org/10.1089/jayao.2019.0156
http://www.ncbi.nlm.nih.gov/pubmed/32069427
https://doi.org/10.1371/journal.pone.0286511


27. Arnett JJ. Emerging adulthood. A theory of development from the late teens through the twenties. Am

Psychol. 2000; 55(5):469–80. PMID: 10842426

28. Arnett JJ. Conceptions of the Transition to Adulthood: Perspectives From Adolescence Through Midlife.

Journal of Adult Development. 2001; 8(2):133–43.

29. Creswell J, Plano-Clark V. Designing and conducting mixed methods research. Sage2018.

30. Ivankova NV, Creswell JW, Stick SL. Using mixed-methods sequential explanatory design: From theory

to practice. Field methods. 2006; 18(1):3–20.

31. Shannon-Baker P. Making Paradigms Meaningful in Mixed Methods Research. Journal of Mixed Meth-

ods Research. 2016; 10(4):319–34.

32. Greene JC, Caracelli VJ, Graham WF. Toward a Conceptual Framework for Mixed-Method Evaluation

Designs. Educational Evaluation and Policy Analysis. 1989; 11(3):255–74.

33. O’Connor AM. Ottawa Decision Support Framework to Address Decisional Conflict 2006 [Available

from: www.ohri.ca/decisionaid].

34. Smith BM, Duncan FE, Ataman L, Smith K, Quinn GP, Chang RJ, et al. The National Physicians Coop-

erative: transforming fertility management in the cancer setting and beyond. Future Oncol. 2018; 14

(29):3059–72. https://doi.org/10.2217/fon-2018-0278 PMID: 30474429

35. Frederick NN, Klosky JL, Meacham LR, Quinn GP, Kelvin JF, Cherven B, et al. Infrastructure of Fertility

Preservation Services for Pediatric Cancer Patients: A Report From the Children’s Oncology Group.

JCO Oncol Pract. 2021:Op2100275. https://doi.org/10.1200/OP.21.00275 PMID: 34709943

36. Sandelowski M. What’s in a name? Qualitative description revisited. Res Nurs Health. 2010; 33(1):77–

84. https://doi.org/10.1002/nur.20362 PMID: 20014004

37. Neergaard MA, Olesen F, Andersen RS, Sondergaard J. Qualitative description—the poor cousin of

health research? BMC Med Res Methodol. 2009; 9:52. https://doi.org/10.1186/1471-2288-9-52 PMID:

19607668

38. Sandelowski M. Whatever happened to qualitative description? Res Nurs Health. 2000; 23(4):334–40.

https://doi.org/10.1002/1098-240x(200008)23:4<334::aid-nur9>3.0.co;2-g PMID: 10940958

39. Centers for Disease Control and Prevention, National Center for Health Statistics. National Survey of

Family Growth 2015.

40. Sharon T. Constructing Adulthood: Markers of Adulthood and Well-Being Among Emerging Adults.

Emerging Adulthood. 2015; 4(3):161–7.

41. Baggio S, Iglesias K, Studer J, Gmel G. An 8-Item Short Form of the Inventory of Dimensions of Emerg-

ing Adulthood (IDEA) Among Young Swiss Men. Eval Health Prof. 2015; 38(2):246–54. https://doi.org/

10.1177/0163278714540681 PMID: 24973242

42. Faas C, McFall J, Peer J, Schmolesky M, Chalk H, Hermann A, et al. Emerging adulthood MoA/IDEA-8

scale characteristics from multiple institutions Emerging Adulthood. 2020; 8(4):259–69.

43. Balthazar U, Fritz MA, Mersereau JE. Fertility preservation: a pilot study to assess previsit patient

knowledge quantitatively. Fertil Steril. 2011; 95(6):1913–6. https://doi.org/10.1016/j.fertnstert.2011.02.

016 PMID: 21392750

44. Meneses K, McNees P, Azuero A, Jukkala A. Development of the Fertility and Cancer Project: an Inter-

net approach to help young cancer survivors. Oncol Nurs Forum. 2010; 37(2):191–7. https://doi.org/10.

1188/10.ONF.191-197 PMID: 20189924

45. Meneses K, McNees P, Azuero A, Jukkala A. Evaluation of the Fertility and Cancer Project (FCP)

among young breast cancer survivors. Psycho-oncology. 2010; 19(10):1112–5. https://doi.org/10.1002/

pon.1648 PMID: 19918959

46. Quinn GP, Knapp C, Murphy D, Sawczyn K, Sender L. Congruence of reproductive concerns among

adolescents with cancer and parents: pilot testing an adapted instrument. Pediatrics. 2012; 129(4):

e930–6. https://doi.org/10.1542/peds.2011-2568 PMID: 22430446

47. Quinn GP, Murphy D, Knapp CA, Christie J, Phares V, Wells KJ. Coping Styles of Female Adolescent

Cancer Patients with Potential Fertility Loss. J Adolesc Young Adult Oncol. 2013; 2(2):66–71. https://

doi.org/10.1089/jayao.2012.0038 PMID: 23781403

48. Moura-Ramos M, Gameiro S, Canavarro MC, Soares I. Assessing infertility stress: re-examining the

factor structure of the Fertility Problem Inventory. Hum Reprod. 2012; 27(2):496–505. https://doi.org/

10.1093/humrep/der388 PMID: 22101025

49. Zurlo MC, Cattaneo Della Volta MF, Vallone F. Factor structure and psychometric properties of the Fer-

tility Problem Inventory-Short Form. Health Psychol Open. 2017; 4(2):2055102917738657. https://doi.

org/10.1177/2055102917738657 PMID: 29379625

PLOS ONE Fertility assessment among female cancer survivors protocol

PLOS ONE | https://doi.org/10.1371/journal.pone.0286511 June 14, 2023 12 / 13

http://www.ncbi.nlm.nih.gov/pubmed/10842426
http://www.ohri.ca/decisionaid
https://doi.org/10.2217/fon-2018-0278
http://www.ncbi.nlm.nih.gov/pubmed/30474429
https://doi.org/10.1200/OP.21.00275
http://www.ncbi.nlm.nih.gov/pubmed/34709943
https://doi.org/10.1002/nur.20362
http://www.ncbi.nlm.nih.gov/pubmed/20014004
https://doi.org/10.1186/1471-2288-9-52
http://www.ncbi.nlm.nih.gov/pubmed/19607668
https://doi.org/10.1002/1098-240x(200008)23:4<334::aid-nur9>3.0.co;2-g
http://www.ncbi.nlm.nih.gov/pubmed/10940958
https://doi.org/10.1177/0163278714540681
https://doi.org/10.1177/0163278714540681
http://www.ncbi.nlm.nih.gov/pubmed/24973242
https://doi.org/10.1016/j.fertnstert.2011.02.016
https://doi.org/10.1016/j.fertnstert.2011.02.016
http://www.ncbi.nlm.nih.gov/pubmed/21392750
https://doi.org/10.1188/10.ONF.191-197
https://doi.org/10.1188/10.ONF.191-197
http://www.ncbi.nlm.nih.gov/pubmed/20189924
https://doi.org/10.1002/pon.1648
https://doi.org/10.1002/pon.1648
http://www.ncbi.nlm.nih.gov/pubmed/19918959
https://doi.org/10.1542/peds.2011-2568
http://www.ncbi.nlm.nih.gov/pubmed/22430446
https://doi.org/10.1089/jayao.2012.0038
https://doi.org/10.1089/jayao.2012.0038
http://www.ncbi.nlm.nih.gov/pubmed/23781403
https://doi.org/10.1093/humrep/der388
https://doi.org/10.1093/humrep/der388
http://www.ncbi.nlm.nih.gov/pubmed/22101025
https://doi.org/10.1177/2055102917738657
https://doi.org/10.1177/2055102917738657
http://www.ncbi.nlm.nih.gov/pubmed/29379625
https://doi.org/10.1371/journal.pone.0286511


50. Gorman JR, Su HI, Pierce JP, Roberts SC, Dominick SA, Malcarne VL. A multidimensional scale to

measure the reproductive concerns of young adult female cancer survivors. J Cancer Surviv. 2014; 8

(2):218–28. https://doi.org/10.1007/s11764-013-0333-3 PMID: 24352870

51. Gorman JR, Pan-Weisz TM, Drizin JH, Su HI, Malcarne VL. Revisiting the Reproductive Concerns After

Cancer (RCAC) scale. Psychooncology. 2019; 28(7):1544–50. https://doi.org/10.1002/pon.5130 PMID:

31128074

52. Centers for Disease Control and Prevention NCfHS. National Health and Nutrition Examination Survey

2019 [Available from: https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/questionnaires.aspx?

BeginYear=2019.

53. O’Connor AM. Validation of a decisional conflict scale. Med Decis Making. 1995; 15(1):25–30. https://

doi.org/10.1177/0272989X9501500105 PMID: 7898294

54. Lehmann V, Nahata L, Ferrante AC, Hansen-Moore JA, Yeager ND, Klosky JL, et al. Fertility-Related

Perceptions and Impact on Romantic Relationships Among Adult Survivors of Childhood Cancer. J

Adolesc Young Adult Oncol. 2018; 7(4):409–14. https://doi.org/10.1089/jayao.2017.0121 PMID:

29466084

55. Patton M. Qualitative Research & Evaluation Methods. 4th ed. Thousand Oaks, CA: Sage Publica-

tions; 2015.

56. Guest G, MacQueen KM, Namey EE. Applied thematic analysis. Thousand Oaks, CA: SAGE; 2012.

57. Onwuegbuzie AJ, Johnson RB. The Validity Issue in Mixed Research. Research in the Schools. 2006;

13(1):48–63.

58. Ivankova NV. Implementing Quality Criteria in Designing and Conducting a Sequential QUAN!QUAL

Mixed Methods Study of Student Engagement With Learning Applied Research Methods Online. Jour-

nal of Mixed Methods Research. 2014; 8(1):25–51.

59. Curry L, Nunez-Smith M. Mixed methods in health sciences research: A practical primer. Thousand

Oaks, CA : Sage; 2015.

60. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L, et al. The REDCap consortium: Build-

ing an international community of software platform partners. J Biomed Inform. 2019; 95:103208.

https://doi.org/10.1016/j.jbi.2019.103208 PMID: 31078660

61. Bazeley P. Integrating analyses in mixed methods research. Thousand Oaks, CA: Sage; 2018.

62. Guetterman TC, Fetters MD, Creswell JW. Integrating Quantitative and Qualitative Results in Health

Science Mixed Methods Research Through Joint Displays. Ann Fam Med. 2015; 13(6):554–61. https://

doi.org/10.1370/afm.1865 PMID: 26553895

63. Tashakkori A, Johnson RB, Teddlie C. Foundations of Mixed Methods Research: Integrating Quantita-

tive and Qualitative Approaches in the Social and Behavioral Sciences. 2nd ed. Thousand Oaks, CA:

SAGE Publications; 2021.

64. Miles M, Huberman A., & Saldana J.,. Qualitative Data Analysis: A Methods Sourcebook. 3rd ed. Thou-

sand Oaks, CA: Sage Publications 2014.

65. Yin R. Case Study Research: Design and Methods. 5th ed. Thousand Oaks, CA: Sage Publica-

tions; 2014.

PLOS ONE Fertility assessment among female cancer survivors protocol

PLOS ONE | https://doi.org/10.1371/journal.pone.0286511 June 14, 2023 13 / 13

https://doi.org/10.1007/s11764-013-0333-3
http://www.ncbi.nlm.nih.gov/pubmed/24352870
https://doi.org/10.1002/pon.5130
http://www.ncbi.nlm.nih.gov/pubmed/31128074
https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/questionnaires.aspx?BeginYear=2019
https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/questionnaires.aspx?BeginYear=2019
https://doi.org/10.1177/0272989X9501500105
https://doi.org/10.1177/0272989X9501500105
http://www.ncbi.nlm.nih.gov/pubmed/7898294
https://doi.org/10.1089/jayao.2017.0121
http://www.ncbi.nlm.nih.gov/pubmed/29466084
https://doi.org/10.1016/j.jbi.2019.103208
http://www.ncbi.nlm.nih.gov/pubmed/31078660
https://doi.org/10.1370/afm.1865
https://doi.org/10.1370/afm.1865
http://www.ncbi.nlm.nih.gov/pubmed/26553895
https://doi.org/10.1371/journal.pone.0286511

	Examining decisional needs and contextual factors influencing fertility status assessment among young female survivors of childhood cancer: A sequential mixed methods study protocol
	Please let us know how this document benefits you.
	Recommended Citation
	Authors

	Examining decisional needs and contextual factors influencing fertility status assessment among young female survivors of childhood cancer: A sequential mixed methods study protocol

