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Abstract
Purpose The purpose of this study was to assess whether
incorporation of an original reproductive health assessment
and algorithm into breast cancer care helps providers appro-
priately manage patient reproductive health goals and to fol-
low laboratory markers for fertility and correlate these with
menstruation.
Methods This prospective observational pilot study was set in
an urban, public hospital. Newly diagnosed premenopausal
breast cancer patients between 18 and 49 years old were
recruited for this study prior to chemotherapy initiation. As
the intervention, these patients received a reproductive health
assessment and care per the study algorithm at 3-month inter-
vals for 24 months. Blood samples were also collected at the
same time intervals. The main outcome measures were to
assess if the reproductive health management was consistent
with patient goals and to track any follicle-stimulating hor-
mone (FSH) and thyroid-stimulating hormone (TSH) level
changes throughout treatment and post-treatment period.

Results Two patients were pregnant at study initiation. They
received obstetric consultations, opted to continue pregnan-
cies, and postpone treatment; both delivered at term without
complications. One woman desired future childbearing and
received fertility preservation counseling. All women received
family planning consultations and received/continued effec-
tive contraceptive methods. Seventy-three percent used long-
term contraception, 18 % remained abstinent, and 9 % used
condoms. During chemotherapy, FSH rose to menopausal
levels in 82 % of patients and TSH rose significantly in 9 %.
While 82% of women experienced amenorrhea, 44% of these
women resumed menstruation after chemotherapy.
Conclusions The assessment and algorithm were useful in
manag ing pa t i en t s ’ reproduc t ive hea l th needs .
Chemotherapy-induced endocrine disruption impacted repro-
ductive health.

Keywords Breast cancer . Contraception . Fertility .

Reproductive endocrinology . Reproductive health

Introduction

Breast cancer is the most common cancer diagnosed in wom-
en of childbearing age. According to the American Cancer
Society, 288,130 women were newly diagnosed with breast
cancer in 2011 [1]. Approximately one quarter of these wom-
en were within the reproductive age range. As survival rates
for this malignancy continue to improve, quality of life issues
have assumed paramount importance. In pursuit of survival,
reproductive health issues, including fertility conservation and
contraception, are often overlooked. Several studies indicate
that the reproductive health needs of women with cancer are
inadequately assessed by providers [2–5].

The reproductive health challenges in breast cancer survi-
vors include endocrine disruption, iatrogenic infertility, and
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teratogenicity. These issues are further complicated by
limitations in patient and provider knowledge and preven-
tive management as well as the unreliability of endocrine
markers to assess fertility. A case series from our institu-
tion documented the exclusion of primary elements of
reproductive health care from cancer management [6]. A
subsequent survey further highlighted the disconnection
between patient reproductive interests and management
plans. Approximately half the women surveyed were in-
terested in future childbearing [2]. Of those who had
completed childbearing, many were not utilizing contra-
ception [2] and of those who were, lower efficacy barrier
methods were most often used [7].

We developed a health assessment and algorithm to
incorporate reproductive health into cancer care. We hy-
pothesize that use of this reproductive health assessment
and algorithm would better align reproductive health goals
and management within the context of breast cancer care.

Materials and methods

Study design and patient population

This was an Institutional Review Board-approved, prospec-
tive observational pilot study conducted within the Family
Planning Division and the Minority-Based Community Clin-
ical Oncology Program (SHCC MBCCOP) of John H.
Stroger, Jr. Hospital of Cook County. This study was funded
by the Chicagoland Area Affiliate of Susan G. Komen for the
Cure. Women were eligible for the study if they were within
3 months of their breast cancer diagnosis, were between the
ages of 18 and 49 years at diagnosis, were receiving cancer
care at Stroger Hospital, had not initiated chemotherapy or
radiation therapy, and had evidence of ovarian function.
Pregnant women were eligible. A total of 48 women who
presented to the medical oncology clinic were screened for
study eligibility by SHCC MBCCOP staff. Twenty-nine
women (60 % of total women presenting) were deemed
ineligible: 10 (34 %) for having non-malignant breast tumors,
9 (31 %) for prior initiation of chemotherapy or radiation
therapy, 1 (3 %) was postmenopausal, 2 (7 %) had prior
hysterectomy, 2 (7 %) planned to receive treatment at outside
institutions, and 5 (17 %) were more than 3 months post-
diagnosis. Three (6 % of total women presenting) patients
were not recruited for participation due to physician disinter-
est in the study. Of the remaining 16 (33 % of total women
presenting) eligible patients, 5 (31 %) declined participation.
All participants signed informed consent documents prior to
their inclusion in the study. Participants were recruited from
March 2008 through April 2009 and followed up for
24 months.

Questionnaire

We designed a 30-question reproductive health assessment to
determine perceptions and choices regarding basic sexuality,
contraception, and oncofertility. The types of questions that
were addressed included the following: diagnosis, stage of
disease, age of diagnosis, cancer history, treatment plan, con-
traceptive history and current usage, menses, sexuality, child-
bearing desires, concern for child health during cancer treat-
ment, fertility details, and plans for unintended pregnancy
during treatment. The survey instrument utilized was not
validated; however, it may serve as a base for future patient
assessments among reproductive age women with a diagnosis
of breast cancer. This assessment was administered to study
participants upon enrollment and at 3-month intervals for
24 months.

Algorithm

An algorithm (Fig. 1) was designed and followed to promote
care consistent with each patient’s reproductive health assess-
ment. The algorithm initially stratified subjects into pregnant
and non-pregnant groups. Pregnant women were referred for
obstetrics and gynecology consultations to determine a preg-
nancy plan that was consistent with the patient’s planned
cancer treatment. Women who were not pregnant were re-
ferred for a family planning consultation to discuss contracep-
tion and future childbearing interests. Further stratification
along the algorithm was based on desire for future childbear-
ing. Those who had not completed childbearing were referred
for a reproductive endocrinology consultation to discuss fer-
tility preservation options.

Biochemical markers

Assessments of follicle-stimulating hormone (FSH) and
thyroid-stimulating hormone (TSH) levels were scheduled at
baseline, prior to each chemotherapy cycle and every 3months
post-treatment. Women who were pregnant at study enroll-
ment did not receive laboratory assessments until postpartum.

Objectives and statistics

Study objectives were to (1) perform periodic reproductive
health assessments and to follow a reproductive health algo-
rithm for each patient, (2) implement reproductive health
management plans in accordance with reproductive health
goals derived from the reproductive health assessment, (3)
follow laboratory markers for fertility status and assess prev-
alence of endocrine disruption, and (4) correlate laboratory
markers with menstruation.

The primary endpoint for objectives 1 and 2 was adoption
of appropriate reproductive health management consistent
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with reproductive health goals as stated at baseline. Manage-
ment was considered appropriate if (1) pregnant women were
referred to an obstetrician and were counseled about pregnan-
cy options, (2) women interested in future childbearing were
counseled and provided a referral for fertility preservation
counseling, or (3) women not interested in immediate preg-
nancy, independent of desire for future childbearing, were
provided a referral for family planning to receive contracep-
tion consistent with plans for sexual activity and future
childbearing.

For objectives 3 and 4, FSH level was considered to have
reached the menopausal range at >23.0 mIU/mL. TSH level
below 0.20 and above 4.50 mIU/L was considered abnormal
and an indication of endocrine disruption. Menstruation infor-
mation was collected in the reproductive health assessment.
Women were asked the date of their last menstrual period, if
they were menstruating regularly, and whether they believed
they had stopped menstruating.

Statistical analyses were performed using SAS 9.2. De-
scriptive statistics were used to analyze the study population.
Pearson correlation coefficient was used to evaluate the asso-
ciation between menstruation and laboratory markers; student
t tests were used to evaluate age differences between those
who experienced endocrine disruption and those who did not.

Staff training

Referral lines to appropriate members of the Obstetric and
Gynecologic faculty were developed to operate within the
MBCCOP/medical oncology service.

Results

Demographics

The 11 study patients ranged in age from 23 to 48 years (mean,
39; SD, 7.4). Of these, 27% (3/11) had no children, 9 % (1/11)
had one child, and 64 % (7/11) had two or more children. The
majority of participants were English-speaking Hispanics,
64 % (7/11); the remaining 36 % (4/11) identified themselves
as Black/African American. Upon enrollment, 27 % (3/11) of
women were single, 64 % (7/11) married, and 9 % (1/11)
divorced. Education level varied: 27 % (3/11) completed
primary school, 9 % (1/11) attended some high school, 46 %
(5/11) graduated from high school, and 18 % (2/11) attended
some college (Table 1).

Fig. 1 Reproductive health algorithm
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Reproductive health assessment/algorithm navigation

Of the 11 women, two (18 %) were pregnant at the time of
recruitment and nine (82 %) were not. Both pregnant women
had become pregnant after or during cancer staging but prior
to initiation of chemotherapy. Each had an obstetric consulta-
tion and chose to continue their pregnancies. Each delivered at
term without complication. One woman began chemotherapy
in the second trimester; the other began postpartum. After
completion of their pregnancies, these two women passed
over into the “Not Pregnant” cohort of the algorithm.

Of the 11 women in the newly constituted “Not Pregnant”
cohort, 9 % (1/11) had not yet completed childbearing, where-
as 91 % (10/11) had. The one woman interested in future
childbearing received fertility preservation counseling. All
11 women, independent of future childbearing interest, re-
ceived a family planning consultation.

At the time of cancer diagnosis, 18 % (2/11) of women had
already undergone permanent sterilization and 18 % (2/11)
had an intrauterine device (IUD) in place. After receiving
family planning consultations, an additional 37 % (4/11) of
women selected an IUD. Throughout the study period, 73 %
(8/11) of women continued or started long-term contraception,
whereas 18 % (2/11) remained abstinent and 9 % (1/11)
selected condoms. Both women who were pregnant at study
initiation received IUDs after delivery. Of note, the one wom-
an who had not yet completed childbearing selected an IUD
for interim contraception.

By study definition, 100 % of the women received appro-
priate referrals consistent with their initial and continued
reproductive health goals. The two pregnant women were
referred to an obstetrician before delivery and to a family
planning specialist after delivery. The one woman interested
in future childbearing had both a reproductive endocrinology
as well as a family planning referral. The remaining eight
women who had completed childbearing received family
planning consultations.

Reproductive health biomarkers and menstrual findings

Of the nine non-pregnant participants at study initiation, seven
reported cessation of menses at an average of 3.3 months (SD,
1.6) after initiation of chemotherapy. Of the two remaining
women, one continued to menstruate regularly, although she
did not adhere to her chemotherapy regimen. The other indi-
cated irregular bleeding but was not able to assess whether
menstruation had ceased. Of the seven patients who reported
cessation of menstruation, three confirmed resumption at an
average of 12.6 months (SD, 2.9) after the initiation of che-
motherapy. The two pregnant women did not resume men-
struation between delivery and initiation of chemotherapy, and
thus cessation information was not available. One of these

women resumed menstruation 8.9 months after initiation of
chemotherapy.

In total, five women indicated they were menstruating after
chemotherapy, five indicated they were not, and one was
unsure. The mean age of those who reported menstruating
after chemotherapy was 36.8 years (SD, 4.86) which differed
significantly from those who did not report menstruating after
chemotherapy, mean age of 44 years (SD, 3.39) (p=0.0265).

Of the 11 women, 10 were followed up for laboratory
assessments of fertility, examining FSH and TSH. Changes
in FSH and TSH were noteworthy. FSH rose to menopausal
levels during chemotherapy treatment in 90 % (9/10) of study
participants. Forty-four percent (4/9) of these women returned
to premenopausal levels after treatment within the 24-month
time period (Fig. 2). The woman whose FSH levels did not
reach menopausal levels was not adherent to chemotherapy
regimens. Mean age of the five women who had a FSH level
within the premenopausal range at study completion was
35 years (SD, 7.84), whereas the mean age of those whose
FSH levels remained elevated was 44 years (SD, 3.39). This
difference was statistically significant (p=0.0463).

For the nine individuals where FSH levels and menstrua-
tion status was known, four indicated that they were menstru-
ating after chemotherapy. FSH returned to premenopausal
levels after chemotherapy in these four individuals. Similarly,
FSH levels among the five individuals who failed to resume
menstruation after chemotherapy remained within menopaus-
al levels throughout the remainder of the study. For these nine
individuals, FSH levels and menstrual status after treatment
correlated perfectly (p<0.0001).

One of the 10 patients had a mildly elevated level of TSH
(4.56 uIU/mL) at study entry which returned to normal levels
by her next blood draw, 2.8 months after chemotherapy initi-
ation. A second patient experienced a slight drop in TSH
(0.143 uIU/mL) 2.8 months after chemotherapy initiation.
These levels returned to normal at the next blood draw,
10.5 months after chemotherapy initiation. A third patient
experienced a profound and unexpected change in TSH
(137 uIU/mL) 8.4 months after chemotherapy initiation
(Fig. 3).

Discussion

The use of the reproductive health assessment and algorithm
assisted providers to ensure that all study participants received
management consistent with their personal reproductive
health goals.

Inconsistencies between reproductive health desires and
management are problematic. Breast cancer survivors are
advised to defer future childbearing for up to 3 years post-
treatment due to the threat of cancer progression and
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teratogenic therapies [8]. Regardless, one study of 114,165
patients showed that 6 % of pregnancies occurred in women
prescribed category D and Xmedications [9, 10]. In our study,
the two patients who were pregnant at study initiation became
pregnant after their diagnosis of cancer. These pregnancies
were unintended and may have been prevented by earlier
contraceptive counseling on the part of the diagnostic team.
While some physicians may find it difficult to initiate conver-
sations regarding reproductive health following initial diagno-
sis, this is a critical timeframe to prevent unintended pregnan-
cy and/or early infertility.

Contraceptive provision is essential for breast cancer
survivors who may temporarily or permanently wish to

defer childbearing. Unintended pregnancy accounts for
50 % of all pregnancies in the USA [11], and this rate is
higher among women with chronic diseases [12–14].
Women with chronic disease are more likely to terminate
an unintended pregnancy [15, 16] compared to matched
control subjects. However, contraceptive provision to
women with breast cancer is complicated by the fact that
estrogen and progestin are largely contraindicated, thereby
limiting options [17]. Lack of provider knowledge of
appropriate and effective, non-hormonal contraceptives
(copper IUD) may impede patient access.

The fact that most patients had completed childbearing at
study entry may not reflect the general population. With one

Fig. 3 TSH levels by time
relative to chemotherapy
initiation

Fig. 2 FSH levels by time
relative to chemotherapy
initiation. The red square
indicates when menses stopped
for each patient, and the presence
of green circle indicates the time
point at which menses resumed
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study reporting that 56 % of young breast cancer survivors
desire future childbearing at the time of their diagnosis [18], it
is imperative that physicians assess patient’s future childbear-
ing plans to ensure referrals for fertility preservation when
appropriate.

Some cancer therapy modalities induce amenorrhea. After
a short period of chemotherapy-induced amenorrhea, 50 % of
women younger than 35 years resume menstruation, whereas
in older women, the risk of amenorrhea is increased due to
reduced follicular reserve [19]. Our results were consistent
with this observation that older age was associated with con-
tinued amenorrhea. The absence of menstruation, however,
does not necessarily indicate lack of ovarian function and
fertility [20]. Additionally, the possibility of spontaneous re-
covery of ovarian function has been observed [20]. Literature
suggests that fertility rates may decrease between 10 to 50 %
post-chemotherapy [21–23].

For patients who undergo chemotherapy, ovarian function
should be reassessed periodically. This reassessment may
serve dual purposes, guiding those who wish to maintain
fertility as well as those who do not. Since menstruation is
not a reliable index of ovarian function, various tests assessing
FSH, inhibin A or B or antimullerian hormone (AMH) levels
and vaginal ultrasonography assessment for number of antral
follicles can be used [20]. Our study demonstrated significant
alterations in FSH levels and menstruation. Although the
sample size was limited, age was associated with endocrine
disruption. Evaluation of a large sample of patients will be
necessary to develop correlations between laboratory and
physical findings and long-term fertility status. Recent litera-
ture indicates the best biochemical indicators of ovarian re-
serve may be serum FSH and AMH levels [24, 25]. The
knowledge of functional ovarian reserve may benefit patients
prior to making important decisions regarding treatment, fer-
tility preservation, and contraception [26]. Additionally, while
pregnancy may be a future goal, contraception, specifically
long-term reversible contraception, should be offered even if
pregnancy is deferred for only 1 year.

An important finding of this study relates to the alteration
in TSH level observed in 3 of the 10 women who completed
the laboratory portion of the study. Alterations in thyroid
function have been noted in women with breast cancer with
a baseline rate of autoimmune thyroid disease 2–3 times that
of the general population [27]. Thyroid function may be
affected by chemotherapy and radiation treatment, particularly
when treatment is localized to the vicinity of the thyroid [28].
At this point, however, the literature does not support guide-
lines regarding screening for thyroid disease in cancer care.

The major strength of this investigation was its ability to
pilot the use of a previously untested algorithm to better guide
assessment of and compliance with reproductive health needs
of patients presenting with breast cancer. The unexpected
detection of a serious abnormality in TSH levels warrants

further investigation in a large sample. Indeed, our small
sample size was a limitation in obtaining a greater apprecia-
tion of laboratory abnormalities in this population. It also
inhibited us from correlating chemotherapy and menstrual
cessation. Both areas need further study. Future studies should
also include investigations of AMH. Additionally, no quality
of life indicators were collected in the survey to gauge whether
reproductive health referrals impacted patient well-being. As
the study was implemented in a safety net institution, partic-
ipants may not be generalizable to the greater population of
women diagnosed with cancer during reproductive age. Final-
ly, because of its pilot nature, this study did not include
controls.

In summary, this study demonstrates that the utilization of
our novel reproductive health assessment and algorithm may
significantly improve reproductive health management within
the context of cancer care. The second finding of the study
demonstrates women with breast cancer undergoing chemo-
therapy experience significant endocrine disruptions affecting
the ovaries and possibly thyroid. Such disruptions may lead to
symptoms that affect quality of life indicators related to repro-
ductive health. Implications of both tenants of this study
remain the important aspects of researchwithin oncology care.
A large-scale, multicenter trial has been developed based on
the findings of this important pilot study.
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