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Abstract

Treatment with radioactive iodine (RAI) for differentiated thyroid cancer has been associated with
alterations in gonadal function in women, including changes in menstrual function and an earlier
age at menopause. Our objective was to evaluate associations between RAI and post-diagnosis live
birth rates among thyroid cancer survivors diagnosed at ages 15-39 years. We identified women
diagnosed with differentiated thyroid cancer between January 2000 and December 2013 in the
North Carolina Central Cancer Registry (CCR). CCR records were linked to state birth certificate
files to identify livebirths to thyroid cancer survivors through December 2014. Person-years of
follow-up were accrued from 6 months after diagnosis to first birth, 461 birthday, death, or
December 31, 2014, whichever came first. Cox proportional hazards regression was used to
estimate hazards ratios (HR) and 95% confidence intervals (ClI) for first livebirth. Among 2,360
women with a differentiated thyroid cancer diagnosis, 53% received RAI. The cumulative
incidence of birth at the end of follow-up (maximum 14.5 years) was 30.0% and 29.3% among
those who were and were not treated with RAI, respectively. Overall, first birth rates did not
significantly differ between groups (HR=1.00; 95% CI: 0.82, 1.23). In our observational cohort,
treatment with RAI was not associated with a reduced birth rate. Our findings add to the evidence
available for counseling thyroid cancer patients with concerns about future fertility.

Keywords
thyroid cancer; radioactive iodine; birth rates

Corresponding author: Chelsea Anderson, Doctoral Student, Department of Epidemiology, UNC Gillings School of Global Public
Health, 135 Dauer Dr., Chapel Hill, NC, USA 27599, cea39@email.unc.edu.

Conflict of interest: The authors declare that they have no conflicts of interest.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Anderson et al. Page 2

Introduction

In the United States, thyroid cancer is the fifth most common cancer diagnosed among
women of all ages and the most common cancer among women aged 20 to 34 years.l An
estimated 42,470 new cases of thyroid cancer will be diagnosed among women in 2017,1
with more than one-third of these occurring in women younger than 45 years of age.2 Most
new diagnoses are differentiated thyroid cancers (papillary or follicular thyroid cancers)3
and are highly curable, with a 5-year relative survival of 98% for all stages combined.! The
standard treatment for differentiated thyroid cancers is thyroidectomy, which is often
followed by radioactive iodine (RAI) treatment for delivery of adjuvant therapy or ablation
of any postoperative remnant thyroid tissue.* However, for low-risk patients, who comprise
the majority of younger patients with differentiated thyroid cancer,> ¢ RAI may be of little
or no benefit for recurrence or survival,% > 7 while increasing risk of second primary
malignancies and other adverse health effects.8-11

For younger women with a thyroid cancer diagnosis, an important consideration surrounding
treatment with RAI therapy is potential effects on future reproductive function. RAI may
affect gonadal tissue and has been associated with transient elevations in serum
gonadotrophins and temporary oligomenorrhea or amenorrhea.12: 13 Women treated with
RAI may also have an earlier average age at menopause than those not treated with RAI.13
Though prior studies are conflicting,14 15 an increase in miscarriage rates in the first year
following RAI has been reported,® and clinical guidelines generally recommend that
women delay conception for at least 6-12 months after treatment.13: 16: 17 A prior systematic
review did not find an increased long-term risk of infertility with RAI treatment.13 However,
few large population-based studies have been conducted in contemporary cohorts,18 and the
impact of RAI on birth rates among thyroid cancer survivors remains unclear.

In the current study, we used data from the North Carolina Central Cancer Registry and state
birth certificate file to evaluate associations between RAI therapy and post-diagnosis
childbirth among women diagnosed with thyroid cancer during adolescence and young
adulthood.

Materials and methods

We identified all women diagnosed with thyroid cancer at ages 15-39 from January 1, 2000
through December 31, 2013 in the North Carolina Central Cancer Registry (CCR) using
ICD-0-3 code C739 (n=2,684). Information recorded in the CCR includes primary site and
histology codes, date of diagnosis, stage, tumor size, marital status, and primary treatments
(surgery, radiation, and chemotherapy). Dates are also recorded for initiation of primary
treatments. We defined differentiated thyroid cancers using the following histology codes:
8050, 8260, 8330, 8331, 8332, 8335, 8340, 8342, 8343, and 8344. All other histology codes,
including those for anaplastic or medullary thyroid cancers, were excluded (n=209). We also
excluded all women treated with chemotherapy (N=7) or external beam radiation (N=5), and
those with missing radiation information (n=24). We classified women as having received
RALI if their dominant radiation modality was listed as ‘radio-isotopes, NOS,’ the modality
which includes treatment with iodine-131. Those treated with RAI more than six months

Int J Cancer. Author manuscript; available in PMC 2018 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Anderson et al.

Page 3

after diagnosis (the 95! percentile for dates of initiating RAI) were excluded (N=72), as
were those who died within six months of diagnosis (n=7). Thus final analyses included
2,360 women with a thyroid cancer diagnosis.

Livebirths to thyroid cancer survivors were identified through a linkage between CCR data
and North Carolina statewide vital records from January 1, 2000 through December 31,
2014. Birth certificate files were linked to CCR records using a probabilistic linkage strategy
in Link Plus.19 Variables used in the linkage included maternal name, date of birth, and
social security number. We included the first, post-diagnosis livebirth to each woman, except
those for which we assumed that the mother’s thyroid cancer diagnosis occurred during
pregnancy, defined as an infant’s gestational age longer than the interval between the
mother’s diagnosis date and the infant’s date of birth.

Statistical analysis

Results

Person-years at risk of giving birth were accrued from 6 months after diagnosis until first
livebirth, death, 46! birthday, or December 31, 2014, whichever came first. Cox
proportional hazards regression models were used to estimate hazard ratios (HR) and 95%
confidence intervals (CI) for first birth, comparing women who received RAI to those who
did not. Models were adjusted for age at diagnosis (15-24, 25-29, 30-34, 35-39) and
disease stage (localized, regional/distant). In stratified analyses, we estimated rate ratios
according to age at diagnosis and disease stage. The proportional hazards assumption was
checked by visual inspection of log-log plots. Assessment of log-log plots suggested
evidence of non-proportional hazards for the association between RAI and time to first birth,
both overall and in stratified analyses. Thus all hazards ratios presented should be
interpreted as time-averaged summary measures. In sensitivity analyses, we estimated HRs
separately for <6 years and =6 years of follow-up, the point at which hazards for the RAI
and non-RAI groups appeared to cross. We also performed sensitivity analyses varying the
start of follow-up from 6 to 12 months. Due to the high proportion of women with missing
information for tumor size (22%), we conducted further sensitivity analyses in which we
imputed tumor size using multiple imputation. Because estimates remained similar when the
imputed data were used, we present results without adjustment for tumor size. All analyses
were performed using SAS version 9.4 (SAS Institute, Cary, NC).

Of the 2,360 identified women with a diagnosis of differentiated thyroid cancer between
ages 15 and 39 years, 53% received RAI. The median follow-up was 4.9 years (IQR: 2.5,
7.5) from 6 months after diagnosis. The distribution of age at diagnosis was similar between
those who did and did not receive RAI; in each group the median age was 32 years (IQR: 27,
36) (Table 1). Those treated with RAI were more likely to have been diagnosed with
regional or distant stage disease (p<0.001). The median tumor size was larger among those
who received RAI (20 mm; IQR: 12, 30) than among those who did not (11 mm; IQR: 5, 22;
p<0.001).

Overall, birth rates were similar between those who did and did not receive RAl (HR=1.00;
95% CI: 0.82, 1.23) (Table 2). The cumulative incidence of birth over a maximum of 14.5
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years of follow-up was 30.0% and 29.3% among those who were and were not treated with
RALI, respectively (Figure 1). Among those treated with RAI who subsequently had at least
one livebirth, the median time from the date of starting RAI to the date of first livebirth was
2.6 years (IQR: 1.67, 4.62). Overall, 43% of the included post-diagnosis births were to
women who were nulliparous at treatment. The estimated HR for livebirth for the period = 6
years from start of follow-up (HR=1.31; 95% CI: 0.71, 2.42) was higher than that estimated
for <6 years (HR=0.97; 95% CI: 0.78-1.20), although the difference was not statistically
significant (p=0.551). Patterns were not sensitive to varying the start of follow-up from 6 to
12 months after diagnosis (data not shown).

Associations between RAI and birth rates appeared to differ by age at thyroid cancer
diagnosis (Table 2). Among those ages 15-24 years, the birth rate was non-significantly
lower among those who received RAI (HR=0.71; 95% CI: 0.48, 1.05). Birth rates did not
differ significantly according to RAI in the 25-29 year age group (HR=1.06; 95% CI: 0.76,
1.50). For those 30-34 years at diagnosis, the birth rate appeared to be higher among those
who received RAI than among those who did not (HR=1.45; 95% CI: 0.97, 2.15). Among
those ages 35-39, the birth rate was non-significantly lower among those treated with RAI
(HR=0.76; 95% CI: 0.39, 1.48), though few births occurred to women in this age group (no
RAI: n=20 births; RAI: n=18 births). Associations between RAI and birth rates did not differ
according to disease stage.

Discussion

The use of RAI after surgery for differentiated thyroid cancers is controversial, particularly
for patients with low-risk, localized disease. While younger women may have concerns
about the impact of RAI on future fertility, little evidence exists to counsel patients about
reproductive outcomes following therapy. In this population-based study of adolescent and
young adult women diagnosed with differentiated thyroid cancer, overall birth rates were
similar between women who did and did not receive RAI, suggesting little effect of RAI on
subsequent fertility.

Treatment with RAI has been associated with alterations in gonadal function in women, as
reflected by transient changes in serum gonadotrophins and menstrual function. In a
systematic review of 16 studies of clinical cohorts, Sawka et al. reported that approximately
12-31% of women experience changes in menstrual timing or flow after RAI, with
associated elevations in serum FSH and LH.13 Transient amenorrhea occurred among 8-
27% of RAI-treated women across included studies. These changes were reportedly more
common among women treated in their mid-thirties or older compared to women treated at
younger ages. The review authors noted that in general, alterations in menstrual function
were expected to resolve within one year of receiving RAI. However, a slightly earlier onset
of menopause was also reported for women who were treated with RAI compared to those
who were not. Though studies included in this review did not indicate an association
between RAI and long-term infertility, the paucity of large scale studies in unselected
cohorts leaves uncertainty surrounding the impact of RAI on rates of livebirths among
thyroid cancer survivors.
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Our overall results suggested that birth rates did not differ appreciably between women
treated and not treated with RAI. These findings are largely similar to those in a recent
report using data from the California Cancer Registry linked to birth records. For female
patients diagnosed with differentiated thyroid cancer between 1999 and 2008, their overall
results suggested little difference in birth rates according to receipt of RAI. However, in
subgroup analyses, RAI was associated with a significant 29% reduction in birth rate among
women ages 35-39 (11.5 vs 16.3 livebirths/1000 person-years, p<0.01).18

Our subgroup analyses suggested a potential reduction in birth rates associated with RAI
among those in the youngest (15-24 years) and oldest (35-39 years) age groups at diagnosis,
though estimates were relatively imprecise, particularly in the latter group. Conversely, those
treated with RALI in the 30-34 year age group had a higher incidence of livebirths than those
not treated with RAI. Taken together, our findings and those of the California study do not
suggest an adverse effect of RAI on fertility, but rather may reflect characteristics associated
with reproductive choice that vary with age and likelihood of receiving RAI, but are not
fully captured in administrative data sources.

Strengths of the current study include the population-based cohort with up to 15 years of
follow-up for livebirths after a thyroid cancer diagnosis. Some limitations should also be
considered. Adjuvant therapies such as radiotherapy may be underreported in cancer
registries,20 leading to some misclassification of exposure in our analyses. However, any
underreporting would have occurred prior to childbirth; therefore we do not expect
radiotherapy misclassification to be differentially related to the primary study outcome.
Personal characteristics associated with reproductive choice and childbearing potential were
not available in our administrative data sources. Thus we were unable to directly address
potential confounding by these factors. Reliable dosing information was also not available
for RAI, so we could not evaluate whether birth rates differed according to RAI dosage.
However, our stratified analyses did not suggest a lower birth rate associated with RAI
among women with regional or distant stage disease, who may be more likely to receive a
higher dose. Additionally, we had small numbers of births within strata of age at thyroid
cancer diagnosis, leading to imprecise estimates of birth rates in our subgroup analyses.

For younger women with a differentiated thyroid cancer diagnosis, concerns over future
reproductive health may influence treatment decisions surrounding RAI. In our analysis of
women diagnosed with differentiated thyroid cancer at ages 15-39 years, the proportion of
women who had a child after diagnosis did not significantly differ between those treated and
not treated with RAL, suggesting little impact of RAI on future reproductive potential.
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Novelty and impact

In young women with differentiated thyroid cancer, treatment with radioactive iodine
therapy (RAI) has been associated with alterations in gonadal function. However, few
population-based studies have evaluated the impact of RAI on rates of post-diagnosis
childbirth among thyroid cancer survivors. In this observational study of 2,360 women
with a thyroid cancer diagnosis, childbirth rates did not significantly differ according to
receipt of RAI, suggesting little effect of RAI on future reproductive potential.
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Figure 1.
Cumulative incidence of post-diagnosis birth according to receipt of radioactive iodine

treatment (RAI)
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Hazard ratios for first birth according to receipt of radioactive iodine treatment (RAI)

Table 2

Nwomen N births Unadjusted HR  agjusted HR®

Overall

No RAI 1108 188 1 1

RAI 1252 218 1.02 (0.84,1.24) 1.00(0.82, 1.23)
Age at diagnosis
15-24

No RAI 173 60 1 1

RAI 222 51 0.62 (0.43,0.91) 0.71(0.48, 1.05)
25-29

No RAI 230 68 1 1

RAI 270 81 1.08 (0.78,1.49)  1.06 (0.76, 1.50)
30-34

No RAI 305 40 1 1

RAI 341 68 1.47 (0.99,2.17)  1.45(0.97, 2.15)
35-39

No RAI 400 20 1 1

RAI 419 18 0.85(0.45,1.60) 0.76 (0.39, 1.48)
Stage
Localized

No RAI 908 149 1 1

RAI 762 131 1.01 (0.80, 1.28)  1.01 (0.80, 1.28)
Regional/distant

No RAI 178 33 1 1

RAI 478 85 1.01 (0.68,1.52)  1.00 (0.67, 1.49)

aAdj usted for age at diagnosis and stage
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