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ABSTRACT: 
Background: Reproductive complications for cancer survivors are identified as one of the top unmet needs. However current models of cancer care do not routinely incorporate reproductive follow-up for. The Kids Cancer Centre have had a one stop survivorship clinic which includes the attendance of a gynecologist and fertility specialist. 
Methodology: To inform the future development of our reproductive survivorship care we retrospectively audited this service over a twelve-year period.
Main results: 278 patients were seen (397 consultations), including 189 female patients (68.0%). Survivors’ median age at follow up was 25.0 years (range=6-50) and they were 19.2 years from their primary diagnosis (range=3-46). We identified 10 themes of reproductive need. Patients had on average 2.5 reproductive concerns documented per consultation (range 1-5). The three most commonly documented concerns at initial consultation related to fertility status (43.9%), endocrine dysfunction (35.3%), and contraception advice (32.4%). In patients younger than 25 years documented discussions were predominately about endocrine dysfunction, fertility status and contraception, while dominant themes for 26-35 years olds were fertility status, reproductive-related health prevention strategies, contraception and endocrine dysfunction. Survivors aged 36-45 prioritised fertility status, pregnancy, and contraception. 
 Conclusion: Longitudinal reproductive follow up care is important, as patients have a number of ongoing reproductive concerns which change over time. Assessing the reproductive potential following cancer treatment gives patients who have high risk of infertility an opportunity to have FP/ART. Our data can assist in informing the model of care for a reproductive survivorship clinic.
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INTRODUCTION
Oncofertility describes the reproductive care cancer patients may require at diagnosis, during treatment and following successful cancer treatment.[1] The care includes fertility preservation (FP) [2] and assisted reproduction treatment (ART)[2, 3] management of sexual dysfunction,[4] management of hormonal deficiency, management of contraception and menstruation, fertility-related health prevention, health screening and psychosocial support. 

Cancer survivors may experience a number of reproductive issues which include abnormalities in pubertal development including precocious puberty, delayed or absent pubertal development,[5, 6] menstrual dysfunction,[7] reproductive endocrine complications
 ADDIN EN.CITE 
[8-10]
 sexual dysfunction disorders[11, 12] infertility[1], pregnancy and labour complications.
 ADDIN EN.CITE 
[13-16]
 As a result of gonadal dysfunction, they are also at higher risk of cardiovascular, bone and psychological complications,
 ADDIN EN.CITE 
[17-19]
 (which may also impact on romantic relationships, sexuality and quality of life.[20, 21]
Successful oncofertility care requires collaboration across disciplines, as well as involvement of a variety of health care professionals (HCPs) who work across paediatric, AYA and adult care[1]. Most current models of survivorship care do not systematically incorporate reproductive healthcare beyond fertility.
 ADDIN EN.CITE 
[1, 4, 22-25]
 Reproductive issues for cancer survivors are repeatedly one of the top five unmet needs in the survivorship period.
 ADDIN EN.CITE 
[1, 26, 27]
 

The Kids Cancer Centre at Sydney Children’s Hospital has had a well-established survivorship clinic for over 20 years, providing multidisciplinary care to paediatric and AYA cancer survivors.
 ADDIN EN.CITE 
[28, 29]
 HCP’S attending the clinic include paediatric and adult oncologists, endocrinologists, a clinical nurse consultant (CNC), a social worker, a psychologist, a dentist, and a cardiologist. Since 2003, the clinic has also included the attendance of a gynaecologist and fertility specialist. Follow-up at the survivorship clinic is according to risk-based guidelines, based on the Children’s Oncology Group Survivorship Guidelines[30] other published reproductive follow up guidelines,
 ADDIN EN.CITE 
[4, 22, 23, 25, 31]
 and Fertility Preservation (FP) guidelines.
 ADDIN EN.CITE 
[30, 32, 33]

Due to the limited resources, a reproductive specialist has provided medical and psychosocial oncofertility care initially only to selected high risk male and female survivors and their partners or patients who requested an appointment. Patients were referred by their oncologist, the late-effects nurse consultant or the Director of the survivorship program. 
To inform the future development of our reproductive survivorship care we retrospectively audited this service over a twelve-year period, specifically reviewing the demographics of the patients who used the service and their gonadotoxic risk, their reproductive needs and concerns 
MATERIALS AND METHODS 
Eligibility:
Patients aged under 18 years at the time of a cancer diagnosis or who were treated for a non-haematological condition with a bone marrow transplant (BMT), and who received survivorship care between January 2006 and December 2017 within the Late-Effects Clinic at Sydney Children’s Hospital, Randwick were included.  All patients attending the survivorship clinic were at least five years from their cancer diagnosis or two years from undergoing a BMT. 

Methods:
Quantitative data was systematically collected from the electronic or paper notes over the 12- year period. The data collected included:
1. Demographic information; 
2. Cancer treatment information including total dose of each treatment modality where applicable, and dose and field of radiotherapy that had a gonadotoxic risk (neuroendocrine, abdominal, pelvic, gonadal, cranial spinal and Total Body Irradiation);
3. Reproductive history and information about FP;
4. Information on sexual activity, contraception, and sexual dysfunction was collected on all patients over 16 years of age; 
5. Other endocrine dysfunction diagnosis and management;
6. Preventative reproductive advice and treatment including human papillomavirus vaccination for patients older than 12 years of age, cervical smears in patients over 25 years of age and advice about breast or testicular self-examination;
Qualitative data, in the form of documented notes on the reproductive concerns of patients who had fertility distress, anxiety or depression, were extracted from patient’s allied health files. These notes were collated in Nvivo.

Risk of infertility following treatment for each patient was categorised as no risk, low risk (20% risk of infertility), intermediate risk (21%-80% risk of infertility) and higher risk (>81% risk of infertility), based on published gonadotoxic risk calculators
 ADDIN EN.CITE 
[34-37]
 and then correlated with patients’ actual reproductive function based on available results. 
To ensure consistent data interpretation and analysis the following definitions were followed:

1. Hypogonadism in children younger than 18 was defined as failure to progress through puberty without hormone replacement therapy or a raised FSH or LH with no clinical signs of puberty in girls older than 12 years and boys older than 13 years.[38] 
2. In patients 18 years and older who had undergone spontaneous puberty, hypogonadism was defined in women as a history of menstrual irregularity associated with a subnormal estradiol (< 90 pmol/liter) and in men as a subnormal testosterone level <8.4nmol/liter).[38] 
3. Premature ovarian insufficiency (POI) was defined as four months of amenorrhoea or menstrual irregularity due to the loss of ovarian function before 40 years of age. Diagnosis of POI required an FSH >25 IU in a woman aged <40 years.
The data were collected by one researcher (SC) and reviewed by a second researcher (AA) to ensure data accuracy. Any discrepancies in data coding were resolved by discussions with the senior researchers (RC/KN) to reach consensus. 
Ethics:
This study was approved by the South Eastern Sydney Local Health District Human Research Ethics Committee (LNR/16/SCHN/396). 
Statistical Analysis:
Patient quantitative data were manually entered into Microsoft Excel and SPSS (v.25, 2018). We used descriptive analysis to assess the quantitative data (patient gender, age, relationship status, religion, cancer treatment, reproductive complications and fertility risk).  
Two researchers (SE, SC) independently read and coded the qualitative data after generating an initial coding tree based on patient’s emerging concerns. Discrepancies were resolved with a third researcher (AA), resulting in the identification of 10 core themes of patient’s reproductive concerns raised in the consultations (listed in Table 1). We used thematic content analysis to analyse the qualitative data. For further analysis, discussion of each of the 10 themes were also recorded in SPSS per patient, specifically to assess group differences and trends in consecutive consultations over time using correlations, paired samples t-tests and one-way and repeated measures analysis of variance. We conducted multiple regression analyses to explore demographic and clinical factors associated with the total number documented patient concerns.

RESULTS 
Participant characteristics:
The records of all patients who had a reproductive survivorship consultation between January 2006 and December 2017 were reviewed.  This included data from 397 consultations with 278 patients diagnosed at a median age of 6.0 years (range 1-18) who had any reproductive consultation (Table 2). 64.7% were seen by a fertility specialist, 31.3% were seen by an endocrinologist, and 4.0% were seen by both. One hundred and eighty-nine participants (68.0%) were female. Survivors’ median age at clinic attendance was 25.0 years (range=6-50), and 19.2 years (range=3-46) from their primary diagnosis. Among participants over 16 years of age who were married or in de-facto relationships, based on self -reported registration information or details on relationships documented in the notes, 47.2% attended the clinic with a partner at their initial visit, which decreased to between 13% and 28.6% at subsequent visits (table 3). Table 2 describes patients’ demographic and clinical characteristics at initial referral. 
The commonest group of cancer diagnoses in our sample was hematological malignancy (59.7%). Most survivors received chemotherapy (97.1%), of whom the majority received anthracyclines (78.0%, mean total dose=239.4mg/m2). Over half (55.4%) also had radiotherapy, of whom 54.0% received potentially gonadotoxic radiotherapy which includes 12.0% who had TBI, 6.8% pelvic radiotherapy, 16.2% abdominal radiotherapy and 51.4% hypothalamic radiotherapy (table 2). Most survivors were predicted to be at high (54.2%) or intermediate (23.2%) risk of infertility based on their cancer treatment gonadotoxic risk calculation.
 ADDIN EN.CITE 
[34-37]
 
Of 175 female survivors 16 years and older, 36 (20.6%) had recorded abnormal uterine bleeding.[39]
Reproductive/Endocrine investigations:
Twenty-eight female patients (14.8%) had a diagnosis of hypogonadism. Six were aged under 18 years of age and 22 were aged over 18 years of age. Of all female survivors, 59% had discussions about hormone replacement therapy (HRT) and 10 underwent HRT treatment.

Twenty-five of the males in this cohort (28.0%) had a diagnosis of hypogonadism; (8 under 18 years and 17 above 18 years of age). Among 75 males over 18 years of age, 15.2% had a raised FSH and 19.0% had a raised LH. 42.9% male survivors discussed hormone deficiency and 13 were prescribed testosterone replacement. 
Sexual activity and sexual dysfunction:
Among 225 patients over 16 years, 44% were documented to be sexually active (68% female). Of these, 49% patients or partners were using contraception, primarily oral contraceptive pills (72%) and barrier methods of birth control (16%).  

Nine patients >16 years of age had recorded symptoms or signs of sexual dysfunction (e.g.  Dyspareunia, premature ejaculation). 7.9% percent of all females, and 6.7% of all males, had reproductive health problems unrelated to a cancer diagnosis or treatment (endometriosis, polycystic ovarian syndrome, endometrial polyps, adenomyosis or ovarian cysts in females and testicular torsion, varicocele, epididymitis, hydrocele or hypospadias in males).  
Only twenty (7.2%) survivor’s had fertility related psychosocial or psychosexual problems. Psychosocial problems were most commonly recorded for survivors aged 26-35 years (35.0% of discussions), followed by survivors aged 13-17 years (30.0%). 

Fertility Preservation and Assisted Reproductive Treatment: 
Twenty-five survivors (9%) underwent FP either before or after cancer treatment, including sperm banking, oocyte cryopreservation, or embryo cryopreservation.  Seventy percent of patients who had fertility preservation had high gonadotoxicity risk based on treatment. Within the study period, 11 (3.9%) survivors in this cohort over 16 years of age conceived naturally. No children were successfully conceived using ART, although the number treated with ART outside the clinic is not known. 

Reproductive Needs:
Table 1 details the reproductive medical or psychological care needs discussed in the course of the consultation. 
Twenty-seven percent (n=75) of patients had more than one visit to the reproductive survivorship clinic (range 1-5). Survivors typically had between 1–2 reproductive related care needs per consultation and on average 2.0 reproductive care needs in total across all consultations (range 1-5; Table 3). At their initial visit, 66% of patients had a discussion about fertility documented. Female survivors had significantly more concerns recorded on average (mean=2.7, SD=1.9) than male survivors across all consultations (mean=2.1, SD=1.6, t (276) =-2.655, p=0.008). 
We found a positive correlation between survivors’ age and the total number of topics they raised at consultations (r=0.141, p=0.019). Even after excluding gender-specific topics (e.g. pap smears), females were significantly more likely than males to have a discussion documented about FP options and preventative health strategies, and seek contraception advice, while significantly more males than females had a discussion about the management of endocrine dysfunction (Table 1).
Figure 1 shows the most commonly recorded topics raised by each age group. At initial consultations, the three most common topics raised related to their fertility status (44%), endocrine dysfunction (35%), and contraception advice (32%). Across successive consultations (Figure 2), these remained the three most commonly documented issues discussed (48%, 35%, and 38% respectively). 

In multiple regression analyses (F(11,242)=1.980, p=0.031; Table 2), survivors who were older at diagnosis had greater needs, as measured by the total number of concerns raised across all consultations (p=0.003). No other clinical (e.g. primary diagnosis, cancer treatment) or demographic factors (e.g. sex, marital status) were associated with the total number of concerns documented.  

In consultations, 47.5% of survivors discussed reproductive status and risk of infertility. 20.5% had a consultation about FP, 22.7% of patients >18 years of age sought conception, pregnancy advice including information about ART advice, antenatal genetic screening, or the management of pregnancy complications. 
Preventative Reproductive Health: 

12.4% of males and 30.2% of females over 16 years of age sought advice regarding at least one aspect of reproductive health such as pap smears or practicing safe sex. Nineteen female survivors over 18 years of age (10.1%) had pap smears completed at the clinic. Of those who had a pap smear, seven showed an abnormality including atrophy or cervical intraepithelial neoplasia (CIN; levels 1 and 2). Of eligible survivors (females above 12 years of age), 32.0% were immunised for Human papillomavirus (HPV) and a further 11.1% were advised to receive the vaccination. The HPV immunisation status of 49.4% of eligible female survivors (n=182) was not recorded. 24.5% of all patients/parents also engaged in other preventative health discussions (breast examination, testicular examination, safe sex education). 

Psychological and Psychosexual Impact of Reproductive Issues: 

Qualitative data analysis resulted in three key subcategories of perceived psychological and psychosexual impact of fertility: 1) anxiety/worry, 2) shock, and 3) avoidance. 
The first theme related to survivors’ anxiety or worry around their risk of infertility and its implications. Some survivors reported a negative impact on their self-esteem ranging more broadly: “…feeling low on body image, self-worth and identity as a woman” to more specific examples, where survivors expressed concern about factors such as their “penile length and the cosmetic appearance of their testes”. Missed opportunities for FP in the past resulted in clinicians noting that some survivors felt angry, e.g. “angry at her parents for not preserving the eggs, as her friends are starting to have babies, she is feeling the impact of her infertility strongly”. Where conceiving naturally was no longer an option this appeared to perpetuate survivors’ anxiety. In one case the notes recorded that a patient felt “distressed about discussing adoption and fertility with her husband”. Stress also appeared to impact the wider family unit. Notes also recorded that parents of survivors expressed “fear and grief at [survivors’] likely infertility” and concern for their child’s overall wellbeing as a result. 
The second theme related to survivors’ feeling overwhelmed and shocked upon learning about their (potential) infertility. In some cases, it was reported that even the consultation regarding fertility testing was “emotionally traumatic…shocked and overwhelmed upon hearing the news that fertility was compromised.” Documentation suggested that the information itself was distressing as it invited thoughts of being unable to have offspring of their own. For others, the notes highlighted that this presented additional challenges in having to communicate with their spouses, particularly as some “haven't openly talked about their desire to start family… resulted in feeling privately stressed and upset about the issue.”
The third theme related to avoidance of infertility-related discussions. The documented reasons for this avoidance varied, from being “too embarrassed to discuss fertility” to overall lack of readiness as some simply “did not want to address fertility issues yet”. Clinic documentation suggested that the timing of fertility discussions was critical, in some cases resulting in a long-term aversion to the topic. For example one survivor who “did not wish to discuss it, she feels she was initially told about it at too young an age.”
DISCUSSION
This study reports on a retrospective review of reproductive survivorship care based on a one stop shop paediatric oncology model of care. While previous literature has highlighted the reproductive complications of cancer treatment there is little written on the success of models of reproductive follow up for paediatric and AYA cancer patients. The only adult reproductive survivorship model of care reports on a different model of care which utilises the role of fertility clinics[40].  
Our data highlights the high uptake of reproductive care and follow up provided to a cohort of patients whose treatment resulted in them having a high risk of gonadotoxic complications. Access to this clinic has provided age appropriate reproductive care delivered by clinicians with a complete understanding of reproductive risks of cancer treatment and information on patients’ complications of cancer treatment which may have an impact on reproductive advice provided. Patients benefited from a ‘one stop shop model’ that allowed them to see a reproductive specialist on the same day they saw the oncologist, endocrinologist, cardiologist and/or allied health professionals with patients often having multiple appointments on the same day.

Patients who were seen had a wide range of reproductive challenges, and with changing reproductive needs during their survivorship based on expected changes in development and relationship milestones (understanding initial treatment information, pubertal development, establishing sexual relationships and disclosing cancer treatment and complication information, need for contraception advice, planning for future parenthood and decision to have FP/ART and then post family reproductive care. The reproductive needs of patients varied depending on the age of patients. 
The reproductive survivorship clinic has provided an opportune time to identify and manage treatment-related reproductive risks and give patients who did not have reproductive discussions at diagnosis access to reproductive consultations years before family planning begins, giving patients an opportunity to consider fertility preservation either if missed at diagnosis.
Discussion of future pregnancy management was only reported in 5% of consultations. Many cancer patients and physicians are concerned that pregnancy is not safe in cancer survivors despite available safety data
 ADDIN EN.CITE 
[41-43]
 so our clinic gives patients an opportunity to receive pre-conception assessment and counselling which very important for cancer patients. It is also important for cancer patients to have an assessment of the risks that any medical complications of cancer treatment can have on a future pregnancy (hypertension, diabetes, cardiomyopathy, renal abnormalities) as well as evaluate the extent of uterine compromise leading to increased incidence of miscarriage, premature delivery and low birth weight
 ADDIN EN.CITE 
[44-48]
. 
POI was only recorded in 3.4 % of our female patients which is lower than published data reporting an incidence of 8-10% by 40 years of age [24]. Given that the median age of our population was only 25.0 years old, this rate is likely to increase as our population ages but may also reflect referral to endocrine specialists outside our service or incomplete documentation. Identification is important so that patient’s symptom burden can be reduced as well as providing management for complications (infertility, bone health, cardiovascular health and cognitive well- being)
 ADDIN EN.CITE 
[22, 24]
. 
Considering 77% of survivors were predicted to have moderate to high risk of infertility, the number of FP procedures reported in this cohort was very low (9%) but in line with other publications
 ADDIN EN.CITE 
[49-53]
. FP has now become a standard of care and patients diagnosed in the last 5 years will have benefited from FP consultation and procedures for sperm banking and oocyte and embryo cryopreservation. Ovarian cryopreservation is now considered standard of care in paediatric patients, and in the future we will see more pre pubertal patients benefiting from this procedure. Despite access to FP services, not every patient will have the opportunities of FP at diagnosis due to disease or symptom burden, time availability and financial situation so re-discussions in the survivorship clinic allow for assessment of reproductive function and decisions about the need of FP post completion of cancer treatment, if there is a window of opportunity[30, 32].
Documented fertility related distress in males and females in our study were very low, possibly reflecting access to experienced staff, and access to relevant written and verbal reproductive information. However, it may reflect healthcare professionals and patients’ avoidance of discussing these topics[1] as well as the poor documentation of fertility discussions.[54] Reproductive late-effects are often neglected in discussions despite patients’ strong desires to raise these issues[55, 56] and the documentation of oncofertility care and follow up has historically been poor.[1] Patients’ knowledge about reproductive risk and care after the completion of cancer treatment (especially for those too young or unwell to be involved in discussions at diagnosis) is often very poor. Details of reproductive health are very personal to patients and patients may not want to disclose them with parents. As a result, some clinicians may choose not to record these consultations in notes to maintain confidentiality. Poor documentation limits collaboration between HCPs who do not receive information about treatment, reproductive risk and previous FP.[54]  
This study showed that despite the availability of support, psychological needs persist over time for some survivors and are not necessarily being met.[20] Survivors raised concerns about disclosure, impact on current and future relationships and body image, reflecting literature showing unmet information needs and psychological concerns continue to be reported in patients many years after the completion of cancer treatment.[57] These can have a significant effect on quality of life and impact on future relationships, family planning and fertility.[58, 59] 
This clinic also provides an opportunity to provide universal reproductive health advice such as screening for reproductive tumours (self- breast examination,[60] cervical screening, [61] testicular [62] and prostate screening, [63] discussion about safe sexual health practices and contraception and more recently HPV vaccination which has been well described.[64] Excellent age appropriate health promotion resources are available in Australia from Future fertility,[65] CanTeen[66]  and Cancer Council[67]  and these should be made available to all patients.
Study Strengths:
This audit is the first study looking at the reproductive services and support provided within a paediatric and adolescent survivorship clinic and, although the data is cross sectional, reflects a large cohort of paediatric patients followed over a 12-year period. This review provides knowledge which will guide the development of a reproductive model of survivorship care that provides consistent and holistic care for all survivors.
Study limitations:
Our retrospective review has identified that reproductive concerns are incompletely documented, even if they have been addressed, and highlights the sensitivity and complexity of discussing and addressing oncofertility sequelae in our patients. In response to this we have developed a questionnaire to allow more comprehensive identification of our patients’ reproductive concern. Cancer treatments are ever evolving, and reproductive and fertility technologies rapidly changing. These changes are difficult to quantify in a retrospective study and predict how this change in clinical practice will affect later deliver of reproductive survivorship care. 
Future Directions:
The development of a reproductive survivorship model of care and referral pathways will increase the number of cancer survivors who can benefit from oncofertility care. The development of patient reported outcomes will also allow clinicians in these clinicians to identify the medical and psychological needs of cancer patients and improve the satisfaction that cancer patients have with these clinics. 

CONCLUSIONS
Childhood and adolescent cancer survivors are affected by medical and psychosocial reproductive concerns which evolve through the survivorship period. This research has shown that the availability of a reproductive specialist within a survivorship clinic provides a number of benefits:

1. Streamlines access to reproductive care at the time of routine survivorship clinic - ‘one stop shop’;

2. Allows access to up to date cancer treatment, gonadotoxic risk information and follow up information;

3. Allows ongoing access to reproductive follow-up;
4. Acknowledges changing needs in relation to reproductive decision making, starting relationships, disclosures, contraceptive advice, and family planning; 

5. Access to reproductive preventative health strategies;

6. Access to fertility related psychological support and care navigation. 
Additional resourcing of this clinic is required to ensure that patients with low and intermediate risk of infertility or reproductive complications have an opportunity to access this service. Targeted screening for medical and psychological oncofertility sequelae may improve the delivery of reproductive health care to survivors in this clinic. 
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