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The fertility challenges faced by adolescent and young adult(AYA) 

• Cancer remains a public health problem worldwide that also includes 

young adults. Cancer in adolescents and young adults is defined by the 

National Cancer Institute as diagnoses occurring among those aged 15 

to 39 years(hereafter, “AYA ”).
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• According to the 2022 Cancer Registry Report from the Ministry of Health 

and Welfare, approximately 120,000 new cancer cases were reported, 

with about 16% of patients between the ages of 15 and 49. 

• For female AYA cancer survivors, chronic diseases, including cancer, increase

the risk of pregnancy and childbirth complications. Radiotherapy and 

chemotherapy can also harm cardiovascular, endocrine, liver, kidney, and 

reproductive functions.
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Key Considerations for Fertility Preservation in Cancer Patients

De Paola, L., Napoletano, G., Gullo, G., Circosta, F., Montanari Vergallo, G. & Marinelli, S. (2025). The era of increasing cancer survivorship: Trends in fertility preservation, 
medico-legal implications, and ethical challenges. Open Medicine, 20(1), 20251144. https://doi.org/10.1515/med-2025-1144
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Informed consent and autonomy

Availability and accessibility of fertility preservation 
techniques

Timing of Fertility Preservation Treatments and 
Balancing Risks and Benefits
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She is a postdoctoral researcher at 
Karolinska Institutet, focusing on 
fertility preservation in cancer 
patients, especially those with 
breast and cervical cancer.
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The study Aim and Hypothesis
• Knowledge gap

Most studies on breast cancer(BC)  survivors focus on short-term outcomes, with 

limited data on long-term reproductive results, especially among women with fertility 

preservation (FP). Large-scale comparisons of live birth and Assisted Reproductive 

Technology(ART) rates between women with and without FP are lacking.

• Aim：

1. To evaluate the likelihood of post-BC live births and ART treatments in women with 

vs without a history of fertility preservation (FP).

2. To assess whether fertility preservation impacts overall survival after BC.

• Hypothesis：FP in women with BC is associated with increased rates of live births 

and ART use post-diagnosis, without compromising overall survival.
5
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Methods
Results

Discussion
Conclusions
Discussion

Conclusions
ethods: design, data, participants

Study Design

• Retrospective cohort study: Data were collected by linking Swedish 

quality registers for breast cancer with national population-based 

registers (1994–2017).

• Inclusion: 

1. Women with BC who underwent FP at 1 of 7 Swedish university 

hospitals between January 1, 1994, and June 30, 2017.

• Exclusion：

1. Women with cancer in situ, distant metastasis at diagnosis, T4 tumors, 

synchronic bilateral BC, and without surgery for their BC, and those who 

could not be identified in any BC register.
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Methods: design, data, participants
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Figure 1. Study Diagram.
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Methods: Statistical analysis

• Covariates of interest：

1. Age at diagnosis

2. Calendar period of diagnosis

3. Country of birth

4. Education level

5. Parity at diagnosis

6. Tumor size

7. Lymph node metastases

8. Estrogen receptor status

9. Chemotherapy status
8
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Methods: Statistical analysis
Statistical analysis

• Matching :Patients with breast cancer who underwent fertility preservation (FP) were 

matched in a 1:2 ratio with those without FP, according to age, diagnosis period, and region.

• Left-Truncated Cox Proportional Hazards Model ：Time scale set as 10 months after 

diagnosis (for live birth analysis) or 5 months after diagnosis (for ART use 

analysis).Estimated hazard ratios for Post-cancer live births, Post-cancer ART treatments 

and All-cause mortality.

• Cumulative Incidence Function with Competing Risk was estimated nonparametrically, 

treating death as a competing event, to assess the probabilities of live births and ART use.

• Proportional Hazards Assumption was evaluated  using the Schoenfeld residuals from the 

models 9
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Results- The general characteristics of the study participants
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Introduction Methods Results Discussion

Mean age: 32.1 years (exposed) vs 33.3 years 
(unexposed)
Nulliparous: 71.1% (exposed) vs 20.1% (unexposed)
ER-positive tumors: 68.0% (exposed) vs 60.6% 
(unexposed)
Chemotherapy: 93.9% (exposed) vs 87.7% (unexposed)
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Results- The general characteristics of the study participants
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Results- The general characteristics of the study participants
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Results- The general characteristics of the study participants
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Results- The general characteristics of the study participants
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Discussion
Main Findings

• Fertility preservation was associated with significantly higher rates of 

post-BC live births and ART use. FP was not associated with higher all-

cause mortality.

• Results emphasize the importance of early FP counseling at BC 

diagnosis.
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Discussion
Limitation

• The study could not adjust for patients’ initial desire for future 

childbearing, leading to potential confounding by indication.

• Data were only available for live births and ART treatments; miscarriages 

and early pregnancy losses were not systematically recorded.

• Despite adjustment for disease-related variables, other unmeasured 

factors influencing survival and fertility outcomes might still exist.
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Introduction

Knowledge gap

Most prior studies on fertility preservation (FP) among adolescent 

and young adult (AYA) women with cancer were limited to single 

institutions, focused mainly on breast cancer, and lacked adjustment 

for key confounders. Large, population-based evidence on FP-related 

treatment delays and post-treatment reproductive outcomes across 

different cancer types remains scarce. Additionally, the impact of 

gestational carrier use on reproductive success in this population is 

poorly understood.
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The study Aim and Hypothesis

• Aim：To evaluate whether FP delays cancer treatment among 

adolescent and young adult (AYA) women, and to compare reproductive 

outcomes based on the timing of ART initiation.

• Hypothesis：FP may cause a small delay in cancer treatment but does 

not significantly impact prognosis, and FP users may have higher live 

birth rates after ART compared to non-FP users.
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Methods: design, data, participants
Study Design

• Retrospective cohort study: Data from the North Carolina Central Cancer 
Registry (CCR) and the Society for Assisted Reproductive Technology Clinic 
Outcomes Reporting System (SART CORS. to obtain fertility service data 
from 2004 to 2018.

• Inclusion: 
1. Adolescent and young adult (AYA) women aged 15 to 39 years diagnosed 

with a first primary invasive cancer between 2004 and 2015.
• Exclusion：
1. Diagnosed with cancer during pregnancy
2. Did not receive gonadotoxic treatment
3. Used ART before cancer diagnosis

20



21



75%

Methods: Statistical analysis
• Covariates of interest：

1. Cancer-related factors：Age at diagnosis, year of diagnosis, cancer 

type, cancer stage (summary stage), type of first gonadotoxic 

treatment.

2. Demographic and socioeconomic factors：race/ethnicity, marital 

status, insurance, urban/rural residence, socioeconomic status.

3. Reproductive treatment factors：timing of ART initiation, use of 

autologous vs. donor oocytes, gestational carrier use.
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Statistical analysis

• Matching ： Patients who used FP were matched 1:5 with those who did not, 

based on year of diagnosis, cancer type, stage, and first gonadotoxic 

treatment. For breast and other non-gynecologic cancers, chemotherapy 

timing (neoadjuvant vs. adjuvant) was also matched.

• Linear regression models were used to compare the time from cancer 
diagnosis to first gonadotoxic treatment between women who underwent FP 
and matched controls without FP.

• Modified Poisson regression estimated RRs and 95% CIs for clinical 
pregnancy and live birth, comparing ART before vs. after cancer treatment.
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Results- The general characteristics of the study participants
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Age at 
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Results- The general characteristics of the study participants
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Race and 
ethnicity

Marital 
status at 
diagnosis
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Results- The general characteristics of the study participants
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Insurance 
status at 
diagnosis

Rurality at 
diagnosis

Yost SES 
index at 

diagnosis

Parity at 
diagnosis
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Results- The general characteristics of the study participants
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+ 15.5 days + 14 days

+ 9 days + 28.5 days

FP users had a longer median time to 
cancer treatment across all cancer 

types.
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Results- The general characteristics of the study participants
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Results- The general characteristics of the study participants
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Results- The general characteristics of the study participants
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Results- The general characteristics of the study participants
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Results- The general characteristics of the study participants
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Results- The general characteristics of the study participants
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Discussion
Main Finding

• Fertility preservation was associated with a delay in the initiation of cancer 

treatment by up to 4.5 weeks, with the adjusted delay reaching 15.5 days (95% CI: 

6.5–24.5) among breast cancer patients receiving adjuvant chemotherapy.

• Among women who achieved pregnancy, those who underwent fertility 

preservation prior to treatment had a potentially higher likelihood of live birth, 

with an age-adjusted risk ratio of 1.47 (95% CI: 0.98–2.23), compared to those 

who initiated ART after treatment.

• The use of gestational carriers was substantially more common in the fertility 

preservation group (47% vs. 20% of transfer cycles), which may have contributed 

to differences in reproductive outcomes and warrants further investigation.
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Discussion
Limitation

• Only 18 women with FP and 26 without underwent embryo transfer, 
limiting statistical power and generalizability.

• The study lacked detailed clinical data such as tumor subtype, treatment 
regimen, and radiation dose, which may have led to residual confounding.

• ART cycles outside North Carolina or at non-SART clinics were not included, 
possibly underestimating ART use and outcomes.

• Cancer outcomes were only followed through mid-2017, and shorter 
follow-up in the FP group made it difficult to assess the impact of 
treatment delay.

• Data on ART protocols, including stimulation method and oocyte source, 
were unavailable, limiting evaluation of factors affecting reproductive 
outcomes. 35



Comparison of the two papers
Paper 1 Paper 2

Study 
question

How does fertility preservation affect 
long-term reproductive outcomes after 
breast cancer?

Does FP delay cancer treatment in AYA women? 
Does ART timing affect pregnancy and live birth 
outcomes?

Study design Retrospective cohort study

Study setting Sweden’s nationwide population-based 
health and cancer registers(2004-2017)

NC CCR and SART CORS(2004-2018)

Participants Women aged 21 to 42 with invasive 
breast cancer

AYA women aged 15–39 diagnosed with a first 
primary invasive cancer

Sample size A total of 1,275 women with invasive 
breast cancer were included.
425 had fertility preservation (FP)
850 were matched controls without FP

A total of 564 AYA women with invasive cancer 
were included.
95 had fertility preservation (FP)
469 were matched controls without FP

Outcomes
measure

1.Post-treatment live births
2.ART use rate 
3.All-cause mortality

1.Time to first gonadotoxic cancer treatment
2.ART outcomes: clinical pregnancy and live birth, 
by timing of ART initiation 36



Comparison of the two papers
Paper 1 Paper 2

Statistical
analyses

Left-truncated Cox proportional hazards 
model was used to estimate hazard ratios 
for post-cancer live births, ART 
treatments, and all-cause mortality.

Modified Poisson regression with robust error 
variance was used to estimate risk ratios for 
pregnancy and live birth after ART, comparing 
ART initiation before vs. after cancer treatment.

Selection 
bias

Low, the study used nationwide Swedish 
population and health registers, with 
minimal loss to follow-up unless 
individuals emigrated.

Low, Captured 96–100% of ART cycles in North 
Carolina during the study period; only 10.4–
10.7% of AYAs moved out, indicating a stable 
population.

Information 
bias

Likely, Lack of data on miscarriages or 
abortions may underestimate the 
pregnancy rate.

Likely, Time to treatment was defined using NC 
CCR data, which has a sensitivity of 74–86% 
and date agreement of 63–93%.

confounding Fertility intention may be a key 
confounding variable, as women who 
want children are more likely to choose 
FP and to try for pregnancy in the future.

Gestational carrier use may be a key 
confounder, as it is more common among FP 
users and associated with higher live birth rates.
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Comparison of the two papers
Paper 1 Paper 2

advantages 1. Large nationwide sample with 
extended follow-up.

2. The left-truncated Cox model 
helped define a realistic risk period 
based on actual treatment 
timelines.

1. Included multiple cancer types, extending 
beyond breast cancer and single-institution 
studies.

2. Included both clinical pregnancy and live 
birth, offering a more comprehensive view of 
reproductive outcomes.

disadvantages The study lacked data on fertility 
intentions and natural pregnancies that 
didn’t result in live birth, used only all-
cause mortality, and may still be 
affected by a healthy FP effect even 
after adjusting for disease factors.

1. Small sample size, especially in the ART group, 
limited the ability to adjust for confounders 
and analyze subgroups.

2. Only summary stage was matched; tumor 
details were not included, which may have 
affected treatment timing and FP decisions.

3. Treatment categories were too broad and 
lacked details like chemo type and radiation 
dose.
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