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Prevalence and impact of fertility
concerns in young women
with breast cancer
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Survey data from the Mayo Clinic Breast Disease Registry were used to assess fertility counseling

and fertility preservation strategies in a modern cohort of young women with breast cancer. One
hundred respondents were identified who were under age 50 at the time of breast cancer diagnosis
and who expressed interest in future childbearing near the time of diagnosis and/or 1 year later.
Ninety-three percent of the 81 respondents to the year one survey recalled fertility counseling prior to
cancer treatment. Most who reported a high level of fertility concern declared that this concern had
impacted their treatment decisions, often shortening their planned duration of endocrine therapy.
Approximately half had taken steps to preserve future fertility, and a third had used a gonadotropin-
releasing hormone agonist either alone or combined with another method (e.g., embryo or oocyte
cryopreservation).

Breast cancer treatments can negatively impact fertility in several ways, including via the direct gonadotoxic
effects of chemotherapy as well as via delays in childbearing due to adjuvant endocrine therapy'. Hormonally
sensitive breast cancers are frequently treated with adjuvant anti-estrogen therapy for 5-10 years, during which
time pregnancy is contraindicated and ovarian function may decline substantially’. The American Society of
Clinical Oncology (ASCO) strongly recommends fertility counseling for all patients of reproductive age at the
time of cancer diagnosis®. Standard fertility preservation techniques for women include oocyte and embryo
cryopreservation. The 2018 ASCO Clinical Practice Guideline Update also recognized the conflicting evidence
surrounding gonadotropin-releasing hormone (GnRH) agonists for fertility preservation and concluded that
GnRH agonists may be offered to young women with breast cancer with the goal of reducing chemotherapy-
induced ovarian insufficiency when other proven fertility preservation options are not available®.

Future fertility is an issue of concern for many young women with breast cancer; previous studies have esti-
mated that about one-third of young women desire future children at the time of breast cancer diagnosis?, and
half have some degree of concern about infertility following treatment'. Addressing this concern can decrease
future regret and dissatisfaction concerning fertility®. However, reported rates of fertility counseling at diagnosis
vary widely. One study of young women with breast cancer reported a counseling rate of only 26% as documented
in the medical record between 2006 - 2014°, while another reported a rate of 68% based on patient recollec-
tion between 2006 — 20121, In a 2008 survey of oncologists, 47% reported that they routinely referred patients
for fertility preservation (all tumor types)’. A more recent 2015-2020 survey of Canadian surgical oncology
practices and patients with breast cancer found an 84% counseling rate with a high degree of physician-patient
concordance®. High rates of counseling have also been reported in settings with an oncofertility patient naviga-
tor (83%)° and electronic health record-based prompting of fertility discussion (62%)*'°. However, some recent
studies still identify suboptimal fertility counseling rates (12-41%)""'2.

Excellent safety data are available to allay concerns about the effect of fertility preservation and/or pregnancy
on cancer-related outcomes, even in hormonally sensitive malignancies. Several studies have demonstrated that
fertility preservation introduces no significant delay in time from diagnosis to treatment initiation in either the
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adjuvant or neo-adjuvant setting'>-"°. This is, in part, due to the introduction of random-start ovarian stimula-
tion protocols that allow for expedited egg retrieval. Use of fertility preservation has not been shown to increase
breast cancer recurrence risk, and aromatase inhibitor-based protocols can minimize hormonal surges during
ovarian stimulation to alleviate any remaining concern®'®-". Additionally, pregnancy after breast cancer is not
associated with increased risk of cancer recurrence!*,

The current study sought to investigate rates of fertility counseling, use of fertility preservation techniques,
and how fertility concerns impact cancer treatment decisions in a contemporary cohort of patients with breast
cancer seen at a large referral center in the United States.

Methods

Participant selection

Patients seen at least once at Mayo Clinic Rochester for a new diagnosis (within the year prior) of stage 0-4 breast
cancer were invited (by mail or in person) to participate in the Mayo Clinic Breast Disease Registry (MCBDR).
The patient population includes both local patients who received their initial diagnosis at Mayo Clinic as well as
patients seeking a second opinion after initial diagnosis and/or treatment elsewhere. After informed consent, par-
ticipants were asked to complete a baseline survey and annual follow-up surveys. Electronic charts were reviewed
by a research nurse to collect information about tumor subtype, stage, and treatments received. The study cohort
included women diagnosed with breast cancer under the age of 50 who answered either ‘yes’ or ‘unsure’ to the
question: ‘At the present time, do you wish to have any/any more biological children in the future?” on either
the baseline or year 1 (Y1) survey (or both), with surveys completed between February 2015 and October 2020.

Survey instruments and data analysis

Fertility concerns near the time of diagnosis were assessed on both surveys, with questions adapted from prior
work by Ruddy et al.". At baseline, women who indicated potential interest in future biological children were
asked:

(1) How concerned are you about the possibility of not being able to become pregnant when you wish to?
(Not at all concerned; a little concerned; somewhat concerned; very concerned).

On the Y1 survey, participants were asked to reflect on their feelings at the time of their diagnosis:

(2) When you were making your breast cancer treatment decisions, how concerned were you about the pos-
sibility of becoming infertile (unable to become pregnant) following your cancer treatment? (Not at all concerned;
a little concerned; somewhat concerned; very concerned).

The Y1 survey also asked about impact of fertility concern on treatment decisions, receipt of fertility coun-
seling and use of fertility preservation. These items included the following:

(3) When you were making your breast cancer treatment decisions, how much did your concern about
becoming infertile (unable to become pregnant) following your cancer treatment impact on your decisions?
(Not at all; A little; Somewhat; A lot).

(4) Have fertility concerns affected your treatment decisions in any of the following ways? (I have chosen not
to take chemotherapy even though it was offered to me; I have chosen one chemotherapy regimen over another;
I have chosen not to take tamoxifen or other hormonal medication [including ovarian suppression medication]
even though it was offered to me; I have chosen or may choose to take tamoxifen or other hormonal medication
for less than 5 years; Fertility concerns have not affected my treatment decisions; Other, please specify [with
space for free text response]; None of the above).

(5) Prior to beginning therapy, did you discuss the issue of fertility (ability to become pregnant) following
treatment with your doctors? (Yes; No).

(6) Before you began therapy or during therapy, did you take any special steps to lower the chance that you
would become infertile with cancer treatment? (Yes; No).

(a) If yes, which steps did you take? (Cryopreservation [freezing] of embryos [fertilized eggs]; Cryopreserva-
tion [freezing] of eggs [unfertilized]; Cryopreservation [freezing] of ovarian tissue; GnRH agonist [e.g. Lupron
or Zoladex shots]; Oral contraceptive pills [OCPs], Other, please specify [with space for free text response]; Not
sure)

A physician (SM) performed a second chart abstraction to confirm stage and tumor biology data, purpose of
GnRH agonist use (question 6), and to clarify free-text responses when needed. Responses of “other” for ques-
tions 4 and 6 were reclassified to one of the other options when possible; otherwise, these were left as “other”
Microsoft Excel was used to compute descriptive statistics from these data.

Ethics declarations
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Registry. All research was carried out in compliance with relevant guidelines and regulations.

Prior presentations

San Antonio Breast Cancer Symposium, December 2021: Mannion Samantha, Higgins Alexandra, Stewart Eliza-
beth A, Khan Zaraq, Shenoy Chandra, Larson Nicole, Nichols Hazel B, Su H Irene, Partridge Ann H, Couch
Fergus ], Olson Janet E, Ruddy Kathryn. Prevalence and impact of fertility concerns in young women with breast
cancer. San Antonio Breast Cancer Symposium. 2021; Abstract no. P4-11-02.

Scientific Reports |

(2024) 14:4418 | https://doi.org/10.1038/s41598-024-54961-6 nature portfolio



www.nature.com/scientificreports/

Results

Participant characteristics

A total of 865 women under age 50 at diagnosis were mailed a baseline and year 1 survey between February 2015
and October 2020 (Fig. 1). The registry received a completed baseline and/or Y1 survey from 627 patients, 100
of whom (16%) indicated interest in future biological children on one or both surveys (Table 1). Mean age at
diagnosis was 33.8 years (standard deviation 5.2 years); the cohort included 90 women aged <40, 9 women aged
41-45, and 1 woman aged >45 at diagnosis. The youngest member of the study population was 18 years old at
diagnosis and the oldest was 47 years old.

Fertility concern and impact on treatment decisions

Of those who reported a possible or definite interest in future biological children on the baseline survey (n=75),
28% concurrently reported that they felt ‘somewhat concerned’ and 40% ‘very concerned’ about the possibility of
not becoming pregnant when they wished (question 1). Of those reporting a possible or definite interest in future
biological children on the Y1 survey (n="70), 17% concurrently reported that they recalled feeling ‘somewhat
concerned’ and 59% ‘very concerned’ about the possibility of infertility when they were making their breast can-
cer treatment decisions (question 2). The majority (65%) of women who recalled on the Y1 survey feeing ‘very
concerned’ about infertility when they were making their breast cancer treatment decisions (43 out of 81 total
Y1 respondents) reported that this concern had impacted those decisions ‘a lot, which was the strongest avail-
able option on a 4-point Likert scale that included ‘not at all, ‘a little, ‘somewhat’ and ‘a lot’ (question 3) (Fig. 2).
Of those who recalled on the Y1 survey feeling ‘somewhat concerned’ about infertility (n=17), 59% reported ‘a
little’ impact on treatment decision and 18% reported ‘somewhat’ of an impact.
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Figure 1. Participant selection. A participant was considered to have indicated interest if they answered, ‘yes’
or ‘unsure’ to the question: ‘At the present time, do you wish to have any/any more biological children in the
future?” *Of these 10, six selected ‘yes/unsure’ on the Y1 and ‘no’ on the baseline, and four selected ‘yes/unsure’
on the Y1 and left this question blank on the baseline.
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Participant characteristics Number of participants

Age at cancer diagnosis, years

18-40 90
41-45 9
>45 1
Race

White 92
Non-white or choose not to disclose 8
Ethnicity

Not Hispanic or Latino 96
Hispanic or Latino or choose not to disclose 4

Nodal disease at diagnosis

NO or NX 72
NI-N3 28
Metastatic disease at diagnosis

MO or MX 98
Ml 2
ER status

ER positive 81
ER negative/missing 19
Chemotherapy

Yes 68
No 32
Radiation therapy

Yes 45
No/missing 55
Surgical status

Mastectomy 78
Breast-conserving surgery 20
No surgery or missing 2

Endocrine therapy

Yes 61
No/missing 39
Education

High school degree and/or vocational education 5

Some college, associate degree, or bachelor’s degree | 46

Graduate school 31
Missing 18
Marital status

Married or living with partner 63
Separated, divorced, widowed, or never married 24
Missing 17
Menopausal status

Periods have stopped 5
Periods have not stopped 59
Not sure/missing 36
Pregnancy history

Previously pregnant 40
Pregnancy resulting in > 1 live birth(s) 31
Never been pregnant/missing 60

Table 1. Characteristics of breast cancer survivors expressing possible desire for future biological children

at baseline and/or year 1 (N=100). For marital status, some respondents selected more than one option.
Education history, marital status, menopausal status, and pregnancy history were self-reported on the baseline
survey.
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Recalled degree of fertility concern, Impact on treatment
year 1 survey (n = 81) decision among those
“very concerned”
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Figure 2. Degree of fertility concern and impact on treatment decision, year 1. The graph on the left
demonstrates the degree of fertility concern recalled by respondents at the time of treatment decisions, as
reported on the Y1 survey. The graph on the right shows data from a subset of respondents to display impact of
fertility concern on treatment decision among those women who recalled that they were “very concerned”

Participants were asked to indicate on the Y1 survey whether fertility concerns had impacted their treatment
in several specific ways (question 4). Twenty-two indicated a treatment change (answers other than ‘no effect’
or ‘none of the above’). Most of these patients (21 of the 22) were aged 40 or younger and 1 was aged 41-45 at
the time of diagnosis. The most common treatment change was a shortened duration of endocrine therapy, with
68% (15/22) indicating that they had chosen or may choose to take tamoxifen or other endocrine therapy for
less than five years (Fig. 3). Five participants indicated that they had chosen to forego endocrine therapy entirely.
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Figure 3. Treatment changes made in response to fertility concerns, year 1 (n=22). Includes respondents who
chose an answer to the question ‘Have fertility concerns affected your treatment decisions in any of the following
ways?” other than ‘no effect’ or ‘none of the above’ on the Y1 survey. Some respondents selected more than one
answer. ‘Less endocrine therapy’ includes respondents who had chosen or may choose to take tamoxifen or
other hormonal medication for less than 5 years. ‘No endocrine therapy’ includes respondents who had chosen
not to take tamoxifen or other hormonal medication (including ovarian suppression medication) even though it
was offered.
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Of these, two had ductal carcinoma in situ (DCIS) and chose bilateral mastectomy (perhaps to avoid endocrine
therapy). Some respondents selected more than one type of treatment change.

There were six women who reported ‘no’ when queried about desire for future biological children at baseline
who, at Y1, reported that they were ‘unsure. Conversely, there were eleven women who reported possible desire
for future biological children at baseline (four selected ‘yes’ and seven selected ‘not sure’) who reported ‘no’ desire
for future biological children at Y1.

Fertility preservation

When queried on the Y1 survey, 93% of the 81 respondents recalled a discussion about fertility with their doctor
prior to starting treatment (question 5). Before or during therapy, 48% of Y1 respondents (n=239) had taken steps
to lower the chance that they would become infertile with cancer treatment (question 6). Of these 39 women,
37 were aged 40 or younger and 2 were aged 41-45 at the time of diagnosis. Thirteen underwent embryo cryo-
preservation and eight underwent oocyte cryopreservation, representing 20 unique respondents (one reported
both embryo and oocyte cryopreservation) (Fig. 4). Twenty-five had utilized a gonadotropin-releasing hormone
(GnRH) agonist, and for 14, this was the only type of fertility preservation used. This represents a 31% (25/81)
overall rate of GnRH agonist use among Y1 respondents. Chart review confirmed the accuracy of GnRH ago-
nist use for the purpose of ovarian protection during chemotherapy in all cases. When examining only those
Y1 respondents who received chemotherapy (n=54), the rate of GnRH agonist use was 46% (25/54). Of the 39
participants who had utilized at least one fertility preservation strategy, 11 indicated that they had used more
than one type. Most commonly, this was a combination of embryo cryopreservation and a GnRH agonist. Among
Y1 respondents (n=81), 47 were diagnosed prior to 2018 and 34 were diagnosed in 2018 or later. A higher rate
of reported GnRH agonist use was observed in the among Y1 respondents diagnosed in 2018 or later (12/34, or
35%) compared to those diagnosed prior to 2018 (13/47, or 28%).

Discussion

In this cohort of fertility-concerned survivors of young-onset breast cancer, about one-fourth used a gold-
standard fertility preservation technique (e.g., oocyte or embryo cryopreservation; 20 of 81 Y1 respondents).
This is similar to rates in the PREFER trial (18.2%)* and in a study by Duraes et al. (2.4-17.1%)*, but higher
than in some other published studies such as Swain et al. (3.3-4.2% among breast cancer patients)'! and Vu et al.
(4-8% among all tumor types)®. The relatively high rate is likely due, in part, to the restriction of our sample
to only those who self-identified an interest in future childbearing, instead of including all young breast cancer
patients. The calculated overall uptake among the entire survey population (20/627; 3.2%) appears low, but must
be interpreted with caution, as fertility preservation was only assessed in the subgroup with an interest in future
childbearing (n=81 Y1 respondents). Comparisons to other published studies are also limited by our inclusion
of women up to age 49 (rather than only up to 40 or 45, like most other studies'"**-%°).

Substantial GnRH agonist use was also observed, and slightly increased in women diagnosed after 2018. Rec-
ognition of the potential utility of GnRH agonists for fertility preservation by ASCO in the 2018 Clinical Practice
Guideline Update was likely one factor leading to this increased use’. GnRH agonist administration was com-
monly combined with a gold-standard technique, but also reported in 14 cases to be the sole method of fertility
preservation used. There are some data to suggest that GnRH agonists can help to preserve fertility by suppress-
ing ovarian function®*?, with lower rates of primary ovarian insufficiency and higher rates of post-treatment
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Figure 4. Methods of fertility preservation used (n=39). Includes respondents who answered, ‘yes’ to the
question ‘Before you began therapy or during therapy, did you take any special steps to lower the chance that
you would become infertile with cancer treatment?’ on the Y1 survey. Some respondents selected more than one
answer.
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pregnancy observed in a meta-analysis of patients treated with a GnRH agonist during chemotherapy?, though
ASCO does not recommend substituting GnRH agonists for more established fertility preservation strategies’.
A 31% rate of GnRH agonist use was observed in the current study (25 of 81 Y1 respondents), but this rate
increased to 46% (25/54) when Y1 respondents who did not receive chemotherapy were excluded. Uptake
of GnRH agonists varies widely in other published studies; the PREFER study of chemotherapy candidates
found a very high rate of GnRH agonist use (>90% among patients 18-45 years old)®. Two other studies found
24%% and 3.1%! rates of use when both chemotherapy recipients and non-recipients were included. Regional
variability in the use of GnRH agonists may in part depend on cost/insurance coverage and whether a GnRH
agonist is intended primarily to reduce the risk of infertility’ or also to reduce the risk of other sequalae of early
menopause?. There is a strong recommendation in favor of GnRH agonist use for ovarian protection during
chemotherapy in Italian guidelines®’, where the PREFER study was conducted®. In our study, women with a
high level of fertility concern often did report that this concern impacted their breast cancer treatment decisions,
consistent with previous studies®'.

This study identified a high rate (93%) of fertility counseling prior to treatment initiation. Notably, this was
in a sample of women who had self-identified as being interested in future childbearing, which likely increased
the rate of counseling compared to that in all young women, similar to in prior studies of fertility-concerned
women®'. Our survey did not ask who (patient or doctor) had initiated the fertility counseling discussion. When
queried about specific types of treatment changes made in response to fertility concerns, patients most commonly
identified a plan for a briefer duration of endocrine therapy. This is consistent with other literature identifying
fertility concerns as a major factor in patients’ decisions to not initiate endocrine therapy or to discontinue
it early®>%. The POSITIVE trial results support the safety of a two-year interruption of endocrine therapy to
attempt pregnancy™*, but this study did not assess early discontinuation or complete refusal of endocrine therapy
or chemotherapy, all of which may increase risk of breast cancer recurrence.

Recall bias may impact our findings, as patients were asked on the Y1 survey to recall discussions of fertil-
ity preservation at the time of diagnosis. Additionally, the study population has limited racial diversity and
over-representation of highly educated women, limiting generalizability of findings. While all participants were
enrolled at a single site (Mayo Clinic Rochester), participants had often been diagnosed and/or received some
of their cancer-directed therapy at other institutions.

We used a higher age cutoff (<50 years old at the time of diagnosis) for our study than other published lit-
erature on this topic. This older age cutoff was selected to reflect increasing birthrates among women in their
40 s, which have more than doubled among women aged 40-44 in the United States from 1990 to 2019, from
5.57 per 1000 women to 12.96 per 1,000%. Similar trends are seen in Europe; the share of live births to moth-
ers 40 or older in the European Union also increased between 2001 and 2021, from 2.4 to 5.7%°°. This trend
appears to be partially driven by utilization of assisted reproductive technology (ART) in this age group, with
donor oocytes used by some women; births resulting from ART doubled in Denmark, Norway, and Sweden
between 2008 and 2018. Because older age at first birth is associated with a higher risk of breast cancer, it can
be theorized that this trend may be even more prominent in women who are diagnosed with premenopausal
breast cancer, leading to additional need for fertility preservation in this population. However, only two of the
39 women who pursued any fertility preservation technique were over the age of 40 at diagnosis, suggesting that
uptake is still limited in older premenopausal patients. Fertility preservation should be routinely discussed with
all pre-menopausal women at the time of diagnosis and clinicians should not make assumptions about interest
in fertility preservation based on age.

In conclusion, this study provides updated insights about current rates of fertility counseling, how fertility
concerns impact treatment decisions, and the frequency of use of specific of fertility preservation techniques. It
is important to acknowledge the importance of this topic to young women with breast cancer and to err on the
side of inclusivity when providing fertility counseling to facilitate reproductive options.

Data availability
The data underlying this article cannot be shared publicly to protect the privacy of individuals who participated
in the study. The data will be shared on reasonable request to the corresponding author.

Received: 9 August 2023; Accepted: 19 February 2024
Published online: 22 February 2024

References

1. Ruddy, K. J. et al. Prospective study of fertility concerns and preservation strategies in young women with breast cancer. J. Clin.
Oncol. 32, 1151-1156 (2014).

2. Braems, G., Denys, H., De Wever, O., Cocquyt, V. & Van den Broecke, R. Use of tamoxifen before and during pregnancy. Oncologist
16, 1547-1551 (2011).

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

4. Poorvu, P. D. et al. Pregnancy after breast cancer: Results from a prospective cohort of young women with breast cancer. Cancer
127,1021-1028 (2021).

5. Deshpande, N. A, Braun, I. M. & Meyer, E L. Impact of fertility preservation counseling and treatment on psychological outcomes
among women with cancer: A systematic review. Cancer 121, 3938-3947 (2015).

6. McCray, D. K. et al. Fertility in women of reproductive age after breast cancer treatment: Practice patterns and outcomes. Ann.
Surg. Oncol. 23, 3175-3181 (2016).

7. Quinn, G. P. et al. Physician referral for fertility preservation in oncology patients: A national study of practice behaviors. J. Clin.
Oncol. 27, 5952-5957 (2009).

8. Carmona, C. A. et al. Surgeon and patient reports of fertility preservation referral and uptake in a prospective, pan-Canadian study
of young women with breast cancer. Ann. Surg. Oncol. 29, 3022-3033 (2022).

Scientific Reports |

(2024) 14:4418 | https://doi.org/10.1038/s41598-024-54961-6 nature portfolio



www.nature.com/scientificreports/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

. Salsman, J. M. et al. Documentation of fertility preservation discussions for young adults with cancer: Examining compliance with

treatment guidelines. J. Natl. Compr. Canc Netw. 14, 301-309 (2016).

Lawson, A. K. et al. Disparities in counseling female cancer patients for fertility preservation. J. Womens Health (Larchmt) 26,
886-891 (2017).

Swain, M., Miller, M., Cannella, C. & Daviskiba, S. Disparities in fertility preservation among patients diagnosed with female
breast cancer. J. Assist. Reprod. Genet. 40, 2843-2849 (2023).

Martinet-Kosinski, E. et al. Access to information and oncofertility consultation for young women with breast cancer: A population-
based study. Sci. Rep. 13,3313 (2023).

D’Hondt, C. et al. Fertility preservation does not delay the initiation of chemotherapy in breast cancer patients treated with adjuvant
or neo-adjuvant chemotherapy. Breast Cancer Res. Treat 184, 433-444 (2020).

Chien, A. J. et al. Fertility preservation with ovarian stimulation and time to treatment in women with stage II-III breast cancer
receiving neoadjuvant therapy. Breast Cancer Res. Treat 165, 151-159 (2017).

Letourneau, J. M. et al. Random start ovarian stimulation for fertility preservation appears unlikely to delay initiation of neoad-
juvant chemotherapy for breast cancer. Hum. Reprod. 32,2123-2129 (2017).

Kim, J., Turan, V. & Oktay, K. Long-Term safety of letrozole and gonadotropin stimulation for fertility preservation in women with
breast cancer. J. Clin. Endocrinol. Metab. 101, 1364-1371 (2016).

Letourneau, J. M. et al. Fertility preservation before breast cancer treatment appears unlikely to affect disease-free survival at a
median follow-up of 43 months after fertility-preservation consultation. Cancer 126, 487-495 (2020).

Rodriguez-Wallberg, K. A. et al. Safety of fertility preservation in breast cancer patients in a register-based matched cohort study.
Breast Cancer Res. Treat 167, 761-769 (2018).

Warner, E., Glass, K., Foong, S. & Sandwith, E. Update on fertility preservation for younger women with breast cancer. CMAJ 192,
E1003-E1009 (2020).

Lambertini, M. et al. Long-term safety of pregnancy following breast cancer according to estrogen receptor status. J. Natl. Cancer
Inst. 110, 426-429 (2018).

Azim, H. A.Jr. et al. Safety of pregnancy following breast cancer diagnosis: A meta-analysis of 14 studies. Eur. J. Cancer 47, 74-83
(2011).

Kroman, N., Jensen, M. B., Wohlfahrt, ., Ejlertsen, B. & Danish Breast Cancer Cooperative, G. Pregnancy after treatment of breast
cancer—a population-based study on behalf of Danish Breast Cancer Cooperative Group. Acta Oncol 47, 545-549 (2008).
Blondeaux, E. et al. The PREgnancy and FERtility (PREFER) study investigating the need for ovarian function and/or fertility
preservation strategies in premenopausal women with early breast cancer. Front. Oncol. 11, 690320 (2021).

Duraes, M. et al. Fertility preservation in patients of childbearing age treated for breast cancer: A nationwide cohort study. Breast
64, 121-126 (2022).

Vu, J. V,, Llarena, N. C,, Estevez, S. L., Moravek, M. B. & Jeruss, J. S. Oncofertility program implementation increases access to
fertility preservation options and assisted reproductive procedures for breast cancer patients. J. Surg. Oncol. 115, 116-121 (2017).
Munhoz, R. R. et al. Gonadotropin-releasing hormone agonists for ovarian function preservation in premenopausal women
undergoing chemotherapy for early-stage breast cancer: A systematic review and meta-analysis. JAMA Oncol 2, 65-73 (2016).
Poggio, F. et al. Potential mechanisms of ovarian protection with gonadotropin-releasing hormone agonist in breast cancer patients:
A review. Clin. Med. Insights Reprod. Health. 13, 1179558119864584. https://doi.org/10.1177/1179558119864584 (2019).
Lambertini, M. et al. Gonadotropin-releasing hormone agonists during chemotherapy for preservation of ovarian function and
fertility in premenopausal patients with early breast cancer: A systematic review and meta-analysis of individual patient-level data.
J. Clin. Oncol. 36, 1981-1990 (2018).

Ruggeri, M. et al. Fertility concerns, preservation strategies and quality of life in young women with breast cancer: Baseline results
from an ongoing prospective cohort study in selected European Centers. Breast 47, 85-92 (2019).

Lambertini, M. et al. Temporary ovarian suppression during chemotherapy to preserve ovarian function and fertility in breast
cancer patients: A GRADE approach for evidence evaluation and recommendations by the Italian Association of Medical Oncol-
ogy. Eur. J. Cancer 71, 25-33 (2017).

Partridge, A. H. et al. Web-based survey of fertility issues in young women with breast cancer. J. Clin. Oncol. 22, 4174-4183 (2004).
Llarena, N. C,, Estevez, S. L., Tucker, S. L. & Jeruss, J. S. Impact of fertility concerns on tamoxifen initiation and persistence. J. Natl.
Cancer Inst. 107 (2015).

Sella, T. et al. Impact of fertility concerns on endocrine therapy decisions in young breast cancer survivors. Cancer 127, 2888-2894
(2021).

Partridge, A. H. et al. Interrupting endocrine therapy to attempt pregnancy after breast cancer. N. Engl. J. Med. 388, 1645-1656
(2023).

Morse, A. Fertility rates: declined for younger women, increased for older women. United States Census Bureau. https://www.
census.gov/library/stories/2022/04/fertility-rates-declined-for-younger-women-increased-for-older-women.html (2022).
Eurostat. Demography of Europe: 2023 interactive edition. European Union. https://ec.europa.eu/eurostat/web/interactive-publi
cations/demography-2023 (2023).

Lindh, I. et al. Reproductive changes among women in their 40s: A cross-sectional study. Acta Obstet. Gynecol. Scand. 101, 248-255
(2022).

Acknowledgements
We would like to thank the patients who participated in this study as well as the Mayo Clinic Breast Disease
Registry staff.

Author contributions

All authors contributed to the study conception and design. Material preparation, data collection and analysis
were performed by S.M., N.L. and K.R. The first draft of the manuscript was written by S.M. All authors approved
the final manuscript.

Funding
This work was supported by the National Institute of Nursing Research under Grant R01 NR015259 (KJR); the
National Cancer Institute under Grant P30CA 15083-48 (Willman); and the Breast Cancer Research Founda-
tion (CLL).

Competing interests
The authors declare no competing interests.

Scientific Reports |

(2024) 14:4418 | https://doi.org/10.1038/s41598-024-54961-6 nature portfolio


https://doi.org/10.1177/1179558119864584
https://www.census.gov/library/stories/2022/04/fertility-rates-declined-for-younger-women-increased-for-older-women.html
https://www.census.gov/library/stories/2022/04/fertility-rates-declined-for-younger-women-increased-for-older-women.html
https://ec.europa.eu/eurostat/web/interactive-publications/demography-2023
https://ec.europa.eu/eurostat/web/interactive-publications/demography-2023

www.nature.com/scientificreports/

Additional information
Correspondence and requests for materials should be addressed to K.J.R.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports|  (2024) 14:4418 | https://doi.org/10.1038/s41598-024-54961-6 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Prevalence and impact of fertility concerns in young women with breast cancer
	Methods
	Participant selection
	Survey instruments and data analysis
	Ethics declarations
	Prior presentations

	Results
	Participant characteristics
	Fertility concern and impact on treatment decisions
	Fertility preservation

	Discussion
	References
	Acknowledgements


