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Effects of 1-131 therapy on gonads and pregnancy
outcome in patients with thyroid cancer
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‘We examined the effects of I-131 therapy for thyroid cancer on female and male gonads and pregnancy outcome. After an
extensive review of the published literature we concluded that ablative administration of I-131 therapy may result in tran-
sient abnormalities of ovarian and testicular function, but subsequent pregnancies are safe without any significant conse-
quences to offspring outcome. (Fertil Steril® 2011;95:1552-9. ©2011 by American Society for Reproductive Medicine.)
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Differentiated thyroid cancer (DTC), arising from the follicular ep-
ithelium, occurs three times more frequently in women than in men,
and the incidence decreases after menopause, suggesting a pivotal
role of estrogens in the growth and progression of thyroid cancer
(1). Estrogens may promote growth of thyroid cancer by binding
to nuclear estrogen receptors, activation of the mitogen-activated
protein kinase pathway (2), or activation of the G protein—coupled
receptor GPR30 which mediates transcription of genes involved in
growth of thyroid cancer cells (3).

Primary treatment of DTC generally comprises a combination of
maximal surgery, radioiodine-131 ablation, and thyroid hormone
therapy replacement (4-7). The overall 10-year survival for
patients with DTC is estimated at 85% (8). I-131 therapy is used
in patients after surgical resection for ablation of residual micro-
scopic disease and for nonresectable tumors, distant metastases,
and persistent and recurrent disease (7). Guidelines on the radioio-
dine therapy of DTC have recently been published by the European
Association of Nuclear Medicine (9). In general, the amount of
I-131 administered is expressed in becquerels (Bq) or curies (Ci),
and the absorbed by the tissue dose is expressed in Grays (Gy)
(9). One Bq is defined as the activity of a radioactive material in
which one nucleus decays per second. The curie is an older unit
of radioactivity in which 1 Ci = 3.7 x 10'% Bq. Generally, for abla-
tion of postsurgical thyroid remnants a single dose of 1-5 GBq is
needed (10). This therapy is advocated by most physicians even
though no long-term randomized trials exist to determine if I-131
administration reduces the risk of thyroid cancer-related death or
recurrence at 10 years after surgery (11). It has been suggested
that an I-131 dose of 3.7 GBq activity may be of equal therapeutic
value to 1.1 GBq activity for ablation of the thyroid remnant and
may be associated with more adverse effects (12). For inoperable
tumors or distant metastases, multiple I-131 treatments of 3.7-7.4
GBq may be administered every few months (13, 14). This
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therapy may either eradicate the disease or result in symptomatic
relief (15). Even though there is no cumulative 1-131 limit that
can be administered to patients with persistent disease, doses >22
GBq should be considered only on an individual basis, because
most remissions are obtained with doses below this activity (9, 15).
Although I-131 therapy is usually well tolerated, potential side effects
can occur, such as radiation-induced thyroiditis, sialadenitis, bone mar-
row depression, pulmonary fibrosis, and rarely induction of a second pri-
mary malignancy (16-18). In addition, transient or chronic hypospermia
can occur (19, 20), as well as possibly early onset of menopause (21) and
menstrual cycle abnormalities (22). In the present review, we discuss all
of the published reports concerning the effects of I-131 therapy on
female and male gonads and pregnancy and offspring outcome.

METHODS

Publications related to I-131 effects were identified using Pubmed and
Medline. Initially we searched the databases using the key words thyroid can-
cer and I-131 or radioiodine or side effects and downloaded 2,381 abstracts in
an endnote library from 1950 to June 2010. Subsequently, all titles of the
papers were reviewed and 562 abstracts selected for further review. Among
the abstracts reviewed, 146 full-text papers were selected related to side
effects of I-131, and eventually 54 were used for this review. The criteria
used for final selection were the report on the effects of I-131 therapy for
thyroid cancer on female and male gonads, lactation, or pregnancy outcome
of treated patients. Owing to the relative rarity of such papers all non—case
report studies were included. All selected papers were critically reviewed,
and the patient numbers and prospective, retrospective, controlled, or non-
controlled nature of the studies were recorded. The review was divided
into sections according to the effects of I-131 on female or male gonads,
pregnancy outcome, or lactation. The authors have no commercial associa-
tions or sources of support that might pose a conflict of interest.

1-131 and Ovarian Function

For women with DTC, the effects of I-131 therapy on gonadal function are an
important consideration since most patients are of reproductive age and many
wish to have children. Female gonads may be affected during I-131 therapy
from circulating radioiodine in the blood, as well as bladder and bowel se-
questration for the duration of few days post therapy. Because of that, patients
are instructed to drink large amounts of fluids and use of laxatives if consti-
pated in order to avoid unnecessary radiation to the ovaries. Several studies
have addressed the effects of I-131 therapy on female gonads (Table 1).
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A systematic review of sixteen papers including data from 3,023 women or
adolescents with DTC examining the gonadal and reproductive effects of ra-
dioactive iodine therapy was analyzed. Transient absence of menstrual pe-
riods occurred in 8 to 27% of women within the first year after radioactive
iodine therapy, particularly in older women. In addition, the I-131 treated
women experienced menopause at a slightly younger age than women not
treated with radioactive iodine (23). It has been suggested that I-131 therapy
might contribute to follicular atresia and induction of earlier menopause (21).
Although administration of 3.7 GBq I-131 may still cause earlier menopause,
doses over 3.7 GBq are more likely to increase such a risk (24). However,
a controlled study in 200 patients failed to show any association of I-131
with early menopause (25).

Our previous study in 45 females <40 years old who had received I-131 ther-
apy for DTC compared to 83 age-matched control females, found a significantly
increased number of patients with menstrual cycle and/or menses irregularities.
The patients’ menstrual cycle and menses irregularities seemed to increase with
age (22). Similar results were obtained in another study with 27.3% of women
experiencing transient amenorrhea during the first year after I-131 therapy (26).
Among 496 women <40 years old with DTC, 322 received a single 3 GBq
ablation dose of 1-131 while the remainder received subsequent treatments
with a cumulative activity of 8.5-59 GBq. Transient amenorrhea or menstrual
irregularities lasting up to 10 months were experienced in 83 patients (17%),
but there were no cases of permanent ovarian failure (27). Assessment of
the ovarian function in 50 young women treated with I-131 (mean, 4.24
GBq) for DTC revealed that approximately 20% of patients developed
transient amenorrhea and elevated FSH lasting for one year (28). Another
study in 159 females with DTC treated with I-131 found no significant
changes in LH, FSH, estrogen and progesterone, and no sexual dysfunction,
infertility or abortion for a follow-up period of 12 months (29).

Overall, most studies have demonstrated that apart from a possible slightly
earlier menopausal age, post surgical administration of I-131 for ablation of
residual thyroid cancer remnants (up to 3.7 GBq activity) resulted only in
transient menstrual cycle abnormalities lasting up to a year, but no permanent
ovarian failure. However, repeated doses for recurrent or persistent disease
may slightly increase the risk for permanent ovarian failure in some patients.

RESULTS

I-131 and Testicular Function

Considerations of the effects of I-131 to gonads apply to male pa-
tients, because significant irradiation is delivered to the testes after
administration of a single ablative dose to thyroidectomized patients
(30). Earlier studies had indicated I-131 dose-dependent spermato-
genic damage with elevation of serum FSH (31). However, I-131
exposure to patients <20 years old appeared to have negligent
effects (32). A list of studies that have addressed this issue is
presented in Table 2. In 25 men (aged 23-73 years) that received
I-131 therapy FSH and LH increased after treatment but returned
to normal within 18 months (20). A study in 52 men with DTC
treated with radioiodine (3.7-5.5 GBq, mean 4.25 GBq), showed
that FSH levels were increased 6 months after therapy in all patients,
declined after 12 months, and returned to normal after 18 months.
However, among 22 patients who received high cumulative activi-
ties (13-27.7 GBq, mean 20.3 GBq), 54.5% had persistent elevated
FSH levels after 18 months and 66% had oligospermia (33). Another
study in 20 patients <21 years old who underwent I-131 therapy
(100-300 mCi dose) found no long-term side effects except for
salivary dysfunction in two patients and keratoconjunctivitis sicca
in one patient. The six male patients in that study had normal LH
and T levels, and the FSH levels returned to normal within 18
months from treatment (34). In a cohort of 87 male patients, serum
FSH was elevated post I-131 therapy in 87.4% and remained ele-
vated after 12 months of follow-up in 20.7%. Reduced sperm count
was found in 35.8% of patients, which persisted during the
12-month follow-up period in 13.2% of them. The reduced sperm
count was correlated with the increased level of FSH but there
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was no significant correlation between levels of LH and T with the
I-131 treatment (29).

A dose-dependent spermatogenic impairment with elevation of
serum FSH was reported in 12 men with DTC that received 1-131
therapy, but clinically important effects were restricted to men hav-
ing multiple doses totaling >100 mCi (31). Similarly, in a study on
19 patients treated with high doses of I-131 for either Graves disease
or toxic adenoma, germinal epithelium and Leydig cell function un-
derwent only marginal changes; however, these changes could have
some significance in subjects with a preexisting fertility impairment
(35). It is likely that I-131 therapy transiently impairs both germinal
and Leydig cell function that usually recover by 18 months after
therapy, and permanent testicular germ cell damage may occur in
men treated with high doses of 1-131 (36). Thus, gonadal damage
may be cumulative in those requiring multiple administrations,
and sperm banking should be considered in patients that could
receive cumulative doses of 1-131 >14 GBq (37). Radioiodine
therapy may provoke minimal or transient effects provided that
the cumulative dose is <14 MBq (38). Overall, the risk of persistent
testicular dysfunction is increased after repeated or high cumulative
radioiodine activities (39).

I-131 and Pregnancy Outcome

Studies in female patients have shown no significant effects of I-131
therapy on fertility rate, birth weight, or congenital anomalies in
offspring (40, 41). A list of studies that address the issue of
previous I-131 therapy in female or male patients and subsequent
pregnancy outcome is presented in Table 3.

Data on 2,673 pregnancies in female patients who were treated
for DTC showed an incidence of miscarriages of 10% before any
treatment, 20% after surgery only, and 19% after I-131 treatment.
The miscarriages were not significantly more frequent in women
treated with radioiodine during the year before conception, not
even in women who had received >370 MBq during that year.
The incidences of stillbirths, preterm births, low birth weight, con-
genital malformations, and death during the first year of life were
not significantly different before and after I-131 therapy. The inci-
dences of thyroid and nonthyroid cancers were similar in children
born either before or after the mother’s exposure to radioiodine.
Opverall, that study showed no evidence that exposure to radioiodine
affected the outcomes of subsequent pregnancies and offspring (42).
A comparison of 356 pregnancies from 173 fathers before thyroid
cancer diagnosis with 114 pregnancies from 63 fathers with thyroid
cancer that received I-131 and with 23 pregnancies from 17 fathers
that had only surgery showed no differences in miscarriages or con-
genital malformations of offspring earlier or after the diagnosis of
thyroid cancer or after administration of I-131 (43).

An analysis of 122 men treated with I-131 and a median follow-
up of 21 years revealed that 59 of these patients fathered a total of
106 children. Of these 59 patients, 12 had received a single 3
GBq, 19 had received up to 14 GBq, and 28 had received up to 44
GBgq. There was a transient elevation in serum FSH after radioiodine
which normalized within 9 months from the last administration. No
major congenital malformations were reported. The authors
concluded that although I-131 treatment could result in transient
injury of gonadal function, there was no permanent damage to
germinal epithelium and minimal risk of infertility (19).

A retrospective analysis of 78 pregnancies in 66 women 1 year
after ablative therapy with 3.75-5.5 GBq I-131 showed that the preg-
nancies were overall safe. Specifically, only four (5.1%) of the 78
pregnancies resulted in spontaneous abortions, three (4%) of the



sojnodojo4 pue eyoIS

speuob uo sjaaya pue Adeiayy LgL-|

L10g IUdY ‘G "ON ‘G6 ‘IOA

Effects of I-131 on menstrual cycle and menopause.

TABLE 1

Study

Radioactivity

No. of patients (female)

Menstrual cycle
abnormalities

Menopause

Conclusion

Ceccarelli et al., 2001 (21),
retrospective controlled
trial

Rosario et al., 2006 (24),
retrospective controlled
trial

Manuel Garcia-Quiros
Munoz et al., 2010 (25),
controlled trial

Sioka et al., 2006 (22),
case-control trial

Raymond et al., 1989 (26),
retrospective
noncontrolled trial

Vini et al., 2002 (27),
retrospective
noncontrolled trial

Souza Rosario et al., 2005
(28), prospective
noncontrolled trial

Esfahani et al., 2004 (29),
retrospective

1.11-40.7 GBqg

3.7-7.4 GBq

100—>100 mCi
(8.7 to >3.7 GBq)

100 mCi (3.7 GBa)

3.7 GBq

322 received 3 GBq, 174
received 8.5-59 GBq

4.2 GBq (mean)

100 to >100 mGi (3.7 to
>3.7 GBq)

130 patients, 127 controls

74 patients, 40 controls

202 patients

45 patients, 83 controls

66 patients

496

50

159

Not evaluated

Not evaluated

3 patients transient

31.1% patients, 14.5%
controls

27.3% transient
amenorrhea

17% transient

20% transient amenorrhea

None

Earlier menopause
compared with controls
(49.5vs. 51y)

Earlier menopause
compared with controls
(46 vs. 50.4 years)

No change compared with
their mothers and sisters

No change

No change

No data

No change

No change

I-131 may contribute to
follicular atresia and
earlier menopause

I-131 may cause early
menopause

Transient menstrual cycle
abnormalities

Mostly transient menstrual
cycle abnormalities

Transient amenorrhea
during first year after
therapy

Transient menstrual cycle
abnormalities, no
permanent ovarian
failure

Transient amenorrhea

No side effects

Sioka. I-131 therapy and effects on gonads. Fertil Steril 2011.
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Effects of 1-131 therapy on testicular function.

TABLE 2

Biochemical parameters

Investigators Radioactivity No. of patients (male) 0 mo 2-6 mo 12-18 mo Spermatogenesis Conclusions
Pacini et al., 1994 (54) 1.1 to >22.2 GBq 103 FSH - il - Impaired up to 18 months, Temporary impairment
Permanent FSH elevation with multiple doses some patients with with single 1-131 dose,
permanent impairment permanent impairment
with repeated doses with repeated high doses
Wichers et al., 2000 (20) 9.8 GBq 25 FSH — 1 - Impaired up to 18 months  Impaired spermatogenesis
LH — i - which was reversed
Inhibin — ) — within 18 months
T - 1 1
Rosario et al., 2006 (33) 4.2 GBq 30 FSH — 1 - Impaired up to 18 months  Transient abnormal
(mean) LH — 1 — spermatogenesis
T - 1 1
Rosario et al., 2006 (33) 20.3 GBq 22 FSH — i 1 (64.5%)  Oligospermia in 30% Abnormal
(mean) LH — T - spermatogenesis
T — — —
Rosario et al., 2006(34) 100-300 mCi 6 FSH — 1 - No abnormalities No abnormalities
(8.7-11.1 GBq) LH — - -
T — — —
Esfahani et al., 2004 (29) (3.7 to >3.7 GBq) 87 FSH — i 1 (20.7%)  Reduced sperm count in Transiently impaired
LH = = = 35.8% in 6 months and in spermatogenesis
T — — — 13.2% in 12 months
Hyer et al., 2002 (19) 3-9.2 GBg 14 FSH - 1 - No data Possibly transient
LH — 1 (14.3%) - impairment of
T - - - spermatogenesis
Ceccarelli et al., 2006 (35) 370-851 MBq 19 FSH - 1 (10.5%) - Reduced sperm motility Transient impairment of
LH - - - and normal forms spermatogenesis
T — l -

Sioka. I-131 therapy and effects on gonads. Fertil Steril 2011.
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Pregnancy outcome after I-131 ablation therapy.

TABLE 3

Preterm Congenital
Study Radioactivity = No. of pregnancies Miscarriages births Low birth weight abnormalities Infant deaths Conclusion
Garsi et al., 2008 (42) 3.7-8.8 GBq 2,673 10% before No change No change No change No change No effect of I-131 in
(female patients) treatment, 20% mothers on
after surgery only, pregnancies and
19% after |-131 offspring
Garsi et al., 2009 (43) 3.993 GBq 493 7% before treatment, No change No change No change No change No effect of I-131 in
(male patients) 8% after surgery fathers on
only, 7.3%-10.4% pregnancies and
after 1-131 offspring
Hyer et al., 2002 (19) 3-44 GBq 106 No data No data No data No change No data No effect of I-131 in
(male patients) fathers on
congenital
malformations of
offspring
do Rosario et al., 3.75-5.5 GBq 78 5.1% 4% 5.4% 1.3% None Pregnancy is safe 1
2006 (44) (female year after [-131
patients) therapy in mothers
Balenovic et al., 100 to >100 mCi 49 10% No change No change None None Pregnancy is safe 1
2006 (45) (female year after [-131
patients) therapy in mothers
Bal et al., 2005 (46) 50 6% No change No change No change No change No effect of I-131 in
(female patients) mothers on
pregnancies and
offspring
Brandao et al., 30-550 mCi 66 6.3% in patients, 3% No change 1.5% None No effect of I-131 in
2007 (48) (female 11.6% in controls mothers on
patients) pregnancies and
offspring
Fard-Esfahani et al., >3.7 GBq 126 after I-131, 101  16.8% before I-131, No change None 2.4% No change No effect of I-131 in
2009 (49) (female before 1-131 26.2% after 1-131 mothers on
patients) (15.9% induced) spontaneous
abortions or
congenital
anomalies
Vini et al., 2002 3-59 GBq 441 3.2% 0.9% No data None None No effect of I-131 in
(27) (female mothers on fertility
patients) and offspring
outcome
Chow et al., 96.6 mCi 263 No change Higher (P=.03) No change None None No effect of I-131 in
2004 (50) mothers on
(female patients) pregnancy and
offspring

Sioka. I-131 therapy and effects on gonads. Fertil Steril 2011.




74 deliveries were preterm, and there was no case of stillbirth. The
birth weight was >2,500 g in 94.6% of the children, and only one
infant (1.3%) presented with a congenital malformation at birth
(intraventricular communication) (44). A similar retrospective study
in 76 women treated for DTC from 1971 to 2005 reported 49 preg-
nancies after I-131 therapy. Among them, there were 35 children
were born (72%) and 5 miscarriages (10%) and 9 induced abortions
(18%) occurred. According to that study, radioiodine did not
adversely affect the rate of successful delivery and live birth
demographics. Congenital malformation and first-year mortality
were not observed (45). All these results are in accordance with
our previous study where therapy with I-131 did not cause any
subsequent pregnancy abnormalities, such as premature births or
miscarriages (22).

In 40 women that received high-dose I-131 for thyroid cancer and
had a subsequent pregnancy, the interval between I-131 therapy and
pregnancy varied from 7 to 120 months. Three spontaneous
abortions occurred in two women. Forty-seven babies (20 female
and 27 male) were born. Among them, 44 babies were healthy
with normal birth weight and normal developmental milestones.
This study indicated that fertility is not affected by high-dose radio-
iodine treatment, and the therapy does not appear to be associated
with any genetic risks to the offspring (46).

Bergetal. (47) reported two cases in which radioiodine was given
accidentally to two pregnant women with Graves disease and thy-
roid cancer respectively, both in their 20th gestational week. In
both cases, routine urinary 6-hCG pregnancy tests were negative.
The total fetal dose in the Graves patient was 100 mGy and compat-
ible with survival, whereas a fetal dose of ~700 mGy was fatal for
the fetus of the cancer patient. Thus, routine pregnancy tests may fail
early and late in pregnancy and determination of serum (3-hCG
should be performed before radioiodine therapy.

In a case-control study, 48 women with DTC who became preg-
nant after I-131 therapy were compared with 60 healthy pregnant
women. Among the cases, there were a total of 66 pregnancies, 14
within the first year and 51 after the first year, up to 10 years after
the last administration of I-131. There were no data for one more pa-
tient for the time of pregnancy. There were four miscarriages, one
case of congenital anomaly, and two preterm births. There were
no statistical differences between the studied and control groups
(48).

A retrospective analysis in 100 women with DTC examined a total
of 101 pregnancies before diagnosis and 126 pregnancies (1-6 preg-
nancies each) after treatment with >3.7 GBq I-131. The incidence
of abortions before I-131 treatment was 16.83% (all were spontane-
ous abortions) and 26.19% after 1-131 treatment (15.87% induced
and 10.3% spontaneous abortions). There was no significant
difference between the cumulative doses in patients with or without
abortions. There were three congenital anomalies, consisting of
Down syndrome, cardiac abnormalities, and macrocephaly, and
three intrauterine deaths. Thus, this study found no evidence of in-
creased spontaneous abortions and no risk of congenital anomalies
after I-131 therapy (49).

Investigation of the gestational history of 104 female patients
with DTC revealed 263 pregnancies. In 153 of these pregnancies
there was prior exposure of the mother to I-131 (scanning dose or
ablative dose), but there were no significant complications and no
congenital malformations nor first-year neonatal mortality. Of 116
pregnancies in 68 patients who received an ablative dose (mean
96.6 mCi) of I-131, 78 live births were reported without congenital
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malformations. The incidence of miscarriages was not different in
those with prior radioiodine administration, but there was increased
incidence of preterm delivery. A higher ablative dose (>80 mCi) and
shorter interval between radioiodine and conception (<1 year) did
not significantly alter the pregnancy outcome. Two patients were
inadvertently given a I-131 scanning dose during pregnancy. One
decided to continue the pregnancy and a healthy 6-year-old boy
was reported at the last update. Although 1-131 therapy in young
women did not have adverse effects on subsequent pregnancies,
avoiding conception within 1 year after radioiodine administra-
tion is a practical recommendation, allowing for hormonal
normalization (50).

The above studies provide evidence that previous I-131 therapy in
male or female patients did not significantly affect the subsequent
pregnancy outcome and did not increase congenital anomalies in
the offspring. Avoidance of conception for 6-12 months after
I-131 is recommended for both male and female patients, to allow
for complete replacement of irradiated spermatozoa and reversal
of the transient ovarian damage. However, as noted in the preceding
section, I-131 therapy may still result in reduced ability to conceive,
especially in male treated patients, in older patients, and in patients
treated with multiple I-131 administrations. In such cases, referral to
physicians specializing in fertility management may be required.

I1-131 and Lactation

Data on transfer of radioiodine into human milk are rare in the
literature. Patients should be instructed to avoid both pregnancy
and breastfeeding for 6-12 months after radiotherapy (9). Radioio-
dine uptake is rarely observed in normal nonlactating breast tissue.
Breast accumulation of I-131 may be an undesirable effect of I-131
ablation. The use of diagnostic I-123 scintigraphy before ablation
may be able to estimate the postablative breast uptake in such pa-
tients (51). In two postmenopausal women who underwent I-131
therapy for DTC, breast uptake of radioiodine on posttherapy whole
body scan was observed to be associated with elevated prolactin
levels. However, when prolactin levels were normalized, there was
no further breast I-131 uptake, suggesting a correlation between
serum levels of endogenous prolactin and radioiodine uptake (52).
Administration of large doses of stable iodine (commonly used to
block uptake of iodine into the thyroid) could be used to block
radioiodine transfer into milk (53).

CONCLUSIONS

Therapeutic administration of I-131 may reduce long-term morbid-
ity and possibly improve survival in patients with differentiated
thyroid cancer. Transient amenorrhea or menstrual irregularities,
which usually resolve within 1 year, can be expected in ~30% of
patients that have received therapeutic I-131. Male patients demon-
strate transient impairment of spermatogenesis associated with
elevation of FSH, which is reversed within 18 months from I-131
therapy. However, the risk of persistent male or female gonadal
dysfunction may be increased in some patients after repeated or
high cumulative radioiodine activities. No effects of I-131 in fathers
or mothers on subsequent pregnancy outcomes and offspring have
been documented. Although I-131 therapy is safe overall, most
authorities recommend withholding pregnancy until 1 year after
I-131 ablation therapy to allow enough time for complete replace-
ment of irradiated spermatozoa and reversal of transient ovarian
damage.
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