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The aim of this study was to evaluate female fertility, carcino
genic, and genetic effects after treatment with 131Iof differenti

ated thyroid carcinoma. Methods: A total of 814 females of
child-bearing age were studied. The fertility of 627 females who
received 131Itherapy was compared to 187 untreated females.

Birth histories of the children bom from these women were
registered. The carcinogenic effect was evaluated by comparing
the incidence of tumors in 730 patients treated with 1311with an

internal control group, as well as with local population incidence.
Results: There was no significantdifferencein the fertilityrate,
birth weight and prematurity between the two groups. Only one
case of a ventricular septal defect was observed in a child bom
to a woman treated with 131I.The overall standardized incidence

ratio (SIR) of second tumors was 1.19 (95% CI: 0.76-1.77) in
patients treated with 131I.An elevated SIR was registered for

salivary gland tumors and melanoma. No case of leukemia was
registered. Conclusion: The risk of long-term effects of 131I

treatment of differentiated thyroid carcinoma is quite low. lodine-

131 may be safely used in treating cases with a high risk of
recurrence.
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iodine-131 therapy for ablation of thyroid remnants after
total thyroidectomy in differentiated thyroid carcinoma in
creases the sensitivity and specificity of I31Iwhole-body

scans and serum thyroglobulin assays in the diagnosis of
local and distant recurrences and reduces frequency of
recurrence (1-4). Furthermore, 131Itreatment of differen

tiated thyroid carcinoma lung and bone mÃ©tastasespro
longs survival and improves the quality of life in patients
(5-10). Nevertheless, some groups limit the use of 131I

treatment in differentiated thyroid carcinoma in order to
avoid possible long-term hazards (11-13) such as the ef
fects in the possible induction of second tumors, subse
quent offspring and the possible impairment of fertility.
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The aim of the present study was to evaluate these haz
ards, comparing the risk in differentiated thyroid carci
noma patients treated with I31Iand those not treated with

MATERIALS AND METHODS

From January 1960 to June 1993, 2361 patients (1653 female;
708 male; female-to-male ratio 2.49) were treated for differentiated

thyroid carcinoma at the nuclear medicine department of the
General Hospital in Busto Arsizio, Italy. About 40% of the pa
tients were diagnosed and operated on at this hospital; treatment
and follow-up on the remaining 60% was carried out in our center

after patients underwent surgery in other hospitals. All patients
were treated and followed-up by a limited group of physicians.

The histotypes, according to the 1988 World Health Organization
Classification (14), were as follows: 1753 (74.2%) papillary carci
noma and 608 (25.8%) follicular carcinoma. All the patients were
treated with surgical and hormonal therapy. In particular cases,
external radiotherapy and chemotherapy were also used, depend
ing on the histotype, the stage and the year in which the patient
was treated. Among the patients with differentiated thyroid car
cinoma, 1,874 (79.4%) were treated with 131I.The mean cumula
tive activity of 131Iadministered was 5.38 GBq, the median cu

mulative activity was 3.7 GBq (range: 1.7-44.4 GBq). Indications
for 131Itreatment changed in the period of the survey: in the first

two decades, external radiotherapy was the first choice postsur-
gical therapy while 13II therapy was added only occasionally, but

increasingly. The lack of a presurgical pathology diagnosis (in this
period) made less extensive surgery with large thyroid remnants
relatively frequent. This rendered subsequent 13II therapy either

more complicated or generally inappropriate.
After 1980, all patients with papillary or follicular carcinoma

were treated with I3II except for those with papillary carcinoma

< 1 cm in diameter and without node or distant mÃ©tastasesand
patients younger than 45 yr with encapsulated follicular carci
noma of <2 cm in diameter. Iodine-131 treatment for ablation of
thyroid remnants was usually performed 15-40 days after surgery
and repeated at 6-mo intervals until the complete ablation of the
remnants. Iodine-131 treatment of local recurrences and distant

mÃ©tastaseswas performed after demonstration of uptake in these
sites on whole-body scans performed 48 hr after administration of
185-600 MBq of I. Scans were done after a 20-day period of
tri-iodothyronine withdrawal or a 35-day period of L-thyroxin
withdrawal. A 131Iwhole-body scan and an assay of thyroglobu

lin, both during hormonal therapy and after thyroid hormone
stimulation, as well as a clinical examination were performed in all
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TABLE 1
Age Distribution of the Patients Treated or (Group A) Not
Treated (Group B) with 131Iand Studied for Carcinogenic

Risk

TABLE 2
Distribution of Cumulative Administered Activity

of1311 (Group A)

Agegroups(yr)0-1011-2021-3031-4041-5051-6061-7071-80Group
ANo.

of
patients5501261431791327223%0.76.817.319.624.518.19.93.1Group

BNo.

of
patients01135505231175%05.517.424.925.915.48.42.5

patients treated. Neck echotomographies, chest x-rays, neck and
chest computed tomographies, bone radionuclide scans and 201T1

whole-body scintigraphies were used in selected cases.

Carcinogenic Risk Evaluation
The risk of induction of other tumors after therapeutic admin

istration of 131I was estimated by selecting all patients with a

pathological diagnosis of differentiated thyroid carcinoma having
a follow-up of at least 3 yr and without a diagnosis of other types

of cancer in the years before and in the 2 yr following the diagnosis
of thyroid cancer. Because their follow-up period had not reached

3 yr, 1401 (59.34%) patients were excluded; 455 were excluded
because the diagnosis had been performed between 1990-1993,

and 946 were excluded because they had dropped out before
completing 3 yr of follow-up. Patients with cancers observed
before diagnosis of thyroid cancer (n = 21) and during the first 2
yr after diagnosis (n = 8) were also excluded. Of the patients
selected (931), 237 were male and 694 were female (female-to-

male ratio: 2.93). These patients were divided into two groups:
Group A, (n = 730), was made up of patients treated with surgical,
hormonal and 131Itherapy and Group B, (n = 201), was made up

of patients treated only with surgical and hormonal therapy and
with no radiometabolic therapy. Papillary carcinoma was identi
fied in 555 (76.0%) patients of Group A and in 163 (81.1%) of
Group B; follicular carcinoma was found in 175 (24.0%) patients
of Group A and in 38 (18.9%) of Group B. The mean age at
diagnosis was 42.56 yr (s.d. 15.15) for Group A and 42.15 yr (s.d.
14.22) for Group B. The distribution of the ages at diagnosis in the
two groups is shown in Table 1. Total thyroidectomy was per
formed in 460 patients (63.0%) of Group A and in 105 (52.2%) of
Group B. In the other patients, either a subtotal thyroidectomy or
a lobectomy was performed. External radiotherapy was per
formed in 42 (5.7%) patients of Group A and in 10 (5.0%) patients
of Group B; chemotherapy in 16 (2.2%) patients of Group A and
in 2 (1.0%) patients of Group B. The mean follow-up was 7.44 yr

for the patients of Group A and 10.3 yr for the patients of Group
B. The mean cumulative administered activity of I3II was 6.5

GBq, median 4.6 GBq (range: 1.85-44.4 Gbq). The distribution of
the cumulative administered activity of 131Iis shown in Table 2.

The median interval of time from diagnosis to the first treatment
with 131Iwas 1 mo. The carcinogenic risk was evaluated in two

ways: first by comparing the incidences of second tumors in the
two groups and, second, by calculating standardized incidence
ratios (SIRs) in the two groups, as well as the relative risks. The

Cumulative administered
activity of 1311(GBq)<22-3.94-5.96-9.910-13.914-17.918-21.922-29.930-44.4No.

Of
patients2631318096383618156

SIRs were calculated as the ratio of observed-to-expected num

bers of cancers.
The expected numbers of cancers for the two groups were

calculated by indirect standardization; adjustment for the calendar
year, sex and age, by applying specific incidence data obtained
from the Cancer Register of the Province of VÃ¡rese(75), the area
where our hospital is located. This was one of the first registers to
be set up in Italy (in 1976) and is still one of the few cancer
registers operating in this country. It collects data only from the
area of the Province of VÃ¡rese, which is populated by a mean
annual population of 790,000. The expected numbers for the pa
tients diagnosed in the first 16 yr of the survey (1960-1975) were

calculated by using the incidences of tumors in the first year (1976)
covered by the Cancer Register of Province of VÃ¡rese. The num
ber of patients diagnosed before 1976 was 179 (19.2%), 98 (3.1%)
of whom were diagnosed between 1971 and 1975. The 95% con
fidence interval (CI) of SIR was determined by assuming the
observed number of cancers to be distributed as a Poisson vari
able. The relative risks (RR) were calculated as the ratio of SIRs
of exposed and nonexposed patients. The 95% confidence interval
for the population value of the relative risks was obtained using
binomial statistics.

Evaluation of Fertility Impairment In Women
The risk of fertility impairment and of effects on the offspring

was assessed by selecting all female patients with a pathologic
diagnosis of differentiated thyroid carcinoma under the age of 43
at the time of diagnosis, who had been followed-up for at least 2
yr. The follow-up of these patients, for the purpose of this study,

was limited to the fertile age and therefore was stopped if the
patients had reached the age of 45. The 814 selected patients were
then divided into two groups: Group I (n = 627) with the patients
treated with surgical, hormonal and 131I therapy and Group II

(n = 187) made up of the patients treated only with surgical and
hormonal therapy (without 131Itherapy). The number of patients

who dropped out of the follow-up before reaching 45 yr of age was

97 (15.5%) in Group I and 26 (13.9%) in Group II. The patients
who reached the age of 45 during the period of the study were 156
(24.88%) in Group I and 54 (28.9%) in Group II. In Group I, the
mean age at diagnosis was 31.8 yr (s.d. = 8.2 ranging from 5 to 43

yr; median age 34 yr). In Group II, the mean age at diagnosis was
32.9 yr (s.d. 7.8, ranging from 11 to 43 yr; median age 35 yr). The
distribution of the ages at diagnosis of the patients of the two
groups are reported in Table 3. The mean follow-up duration was

4.58 yr (s.d. 4.35) in Group I and 6.4 yr (s.d. 4.98) in Group II. The
cumulative number of years of observation of females in fertile
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TABLE 3
Age Distribution at Initial Treatment

Agegroups(yr)0-1011-2021-3031-4041-45Group
I*No.

Ofpatients15218429792%0.48.329.347.414.7Group

irNo.

ofpatients013479433%06.925.150.317.6

â€¢Patientstreated with 131I.
tPatients not treated with 131I.

age (15-45 yr) was 2838 yr (71.1%) for Group I and 1151 yr

(28.9%) for Group II. The fertility rate was then calculated as the
ratio of live births per 1000 fertile females per year. The 95%
confidence interval for the difference between the fertility rate of
Group I and II was calculated by incorporating the Yates conti
nuity correction. The p value for chi square distribution was also
determined. The mean activity of 131Iadministered to patients of

Group I was 5.4 GBq, ranging from 2.2 to 22.2 GBq; median
activity of 3.7 GBq. Clinical data about the children born from the
females of each group were obtained by phone or during clinical

examinations of the mothers. All other relevant clinical news was
obtained directly during clinical examination or from family phy
sicians of the patients.

RESULTS

Evaluation of Carcinogenic Risk
Twenty-four (5 males and 19 females) second primary

cancers were observed in Group A and 7 (1 male and 6
females) in Group B. Details about treatment, histotypes of
second tumors, and periods of latency from the first 131I

treatment are reported in Table 4. The mean age at diag
nosis of the thyroid carcinoma of the patients with second
malignancies was 49.4 yr (s.d. = 10.8) in Group A and 53.3
yr (s.d. = 8.6) in Group B. The median age was 47 yr

(Group A) and 51.5 yr (Group B). The mean cumulative
administered activity was 4.56 GBq (s.d. 2.66). The ob
served cancers, SIRs and 95% CI in the two groups are
reported in Table 5.

The expected values for the incidence of other malignan
cies, as derived from sex- and age-specific rates obtained

from the Cancer Register of Province of VÃ¡resewere 20.14
(6.74 for males and 13.4 for females) for Group A and 7.39
(1.12 males and 6.27 females) for Group B. The overall
SIRs were therefore 1.19 (95% CI: 0.76-1.77) for Group A

TABLE 4
Data for Patients Receiving 131ITherapy Who Developed a Second Tumor

Patient
no.457101113241415239171619628213112182022SiteBreastBreastBreastBreastBreastBreastBreastSalivary

glandSalivary
glandSalivary
glandBladderBladderMelanomaMelanomaLungLungColonCotonRectumStomachMaxillary

sinusLarynxLymphomaNeuroendocrineSexFMFFFFFFFMFMFFFMFFMFFFFFDTC/

DX
Age/Yr44/196665/196639/197071/197555/197644/197746/198841/197946/198066/198749/197546/198253/198228/198354/196927/196242/197448/198545/196462/196258/197663/198344/198450/1985Latency

period(yr)81456534511345341512342487464ADMACT(GBq)5.43.53.54.12.71.82.77.07.6227.410.8222.78.72.21.85.45.12.68.1228.12.7No.of
ADM422211133134113112323131Surgical/

additional
therapyHemiTXXRTHemiTXXRTTotal

TXSubtotal
TXXRTTotal

TXSubtotal
TXTotal
TXHemiTXTotal

TXTotal
TXTotal
TXTotal
TXXRT,
ChemoTotal
TXTotal
TXHemiTXSubtotal

TXTotal
TXXRTTotal

TXHemiTXXRTHemiTXSubtotal

TXTotal
TXTotal
TXTotal

TX
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TABLE 5
Observed Number of Second Primary Cancers, Standardized Incidence Ratio and 95% Confidence Interval for Patients

Receiving (Group A) or Not Receiving (Group B)1311Therapy

GroupACancer

siteBreastSalivary

glands
Colon-rectumMelanomaHead-neckBladderLung

NeuroendocrinetumorsNon-Hodgkin
lymphoma

StomachUtherusPlasmocytoma

PancreasObs.73

32222

111â€”â€”SIR2.08601.27852.61.0533.34.55

0.52â€”â€”95%

CI0.84-4.2912.38-175.34

0.26-3.70.97-28.90.61-18.060.31-9.380.13-3.78

0.83-185.730.11-25.32

0.01-2.92â€”â€”Obs.3â€”â€”â€”â€”â€”111

1Group

BSIR1.9Iâ€”â€”â€”â€”1.122.9414.28

2595%

CI0.39-5.55-â€”â€”â€”â€”0.03-6.26.07-16.380.36-79.6

0.625-139.3

Obs. = Number of observed cancers; SIR = standardized incidence ratio; and 95% CI = 95% confidence interval of SIR.

and 0.95 (95% CI: 0.38-1.95) for Group B. The overall
relative risk was 1.25 (95% CI: 0.53-3.46). AJÃ•elevated SIR

with the unity outside the confidence interval was found in
the salivary gland cancers. Elevated SIRs were also found
in the skin (melanoma) in Group A and in the breast in both
groups, but the unity was comprised in the confidence
interval. The relative risk of breast cancer was 1.9 (95% CI:
0.25-6.58). No case of leukemia was observed in either
group. One case of non-Hodgkin lymphoma was registered
in the patients treated. Overall SIR was 1.17 (C.I. 0.70-

1.83) for the first 10 yr after exposure (86% of the overall
person-years at risk) and 1.28 (C.I. 0.41-2.98) for the years

after the first 10 yr from the exposure (14% of the overall
person-years at risk).

Evaluation of Fertility Impairment of Treated Females
Sixty-five children (45 males and 20 females) were born

from 49 females of Group I and 19 children (12 males and
7 females) from 15 females of Group II. The 49 females of
Group I who had pregnancies after administration of ther
apeutic activities of 131Ireceived a mean cumulative activ
ity of 131Iprior to pregnancy of 6.5 GBq, range: 2.6-22.2

GBq and a median activity of 5.55 GBq. The mean activity
of each single administration of 131I given to the same

patients prior to pregnancy was 2.6 GBq, range: 0.55-3.7

GBq, median activity: 2.96 GBq. The number of therapeu
tic administrations of 131Igiven to these females prior to

pregnancy ranged from 1 to 6. The mean interval between
the last administration of 131Iand conception was 43.1 mo,

s.d.: 39.6, range: 1-204 mo. The median interval was 36

mo. The distribution of the intervals between the last ad
ministration of 131Iand conception is shown in Table 6. The

mean weight at birth of the infants born from the females of
Group I was 3.348 kg, s.d. 0.5 kg and the median weight
3.400 kg, with a range from 1.750 to 4.350 kg. The mean
weight at birth of the infants born to the females of Group

II was 3.385 kg (s.d. 0.4), and the median weight 3.400 kg,
with a range of 2.550 to 3.900 kg. Two premature births at
the seventh month of pregnancy and three spontaneous
abortions by the third month were registered in the females
treated. One spontaneous abortion at the second month
was registered in the group of females not treated with 131I.

Among the children born from treated females, only one
case of ventricular septal defect and patent ductus arteri-

osus was registered. More details about the patients with
abnormal pregnancies are reported in the Table 7. All other
children, born from the females of Group I and Group II,
were in good health and grew up regularly. The fertility rate
was 23 for the females in Group I and 19 for those in Group
II. A 95% confidence interval for the difference of fertility
rates in the two groups ranged from 13.97 to -5.17, p value

for chi square distribution was 0.39, NS.

DISCUSSION
Although 131Ihas been used in medicine for over half a

century (16,17), data about possible carcinogenic effects
and damage to the female gonads after administration of
131Ifor therapeutic purposes are not conclusive. The risk of

induction of second tumors after exposure to ionizing ra-

TABLE 6
Intervals Between Last Administration of 131Iand Conception

Intervals
(mo)<1213-3637-6061-8485-204No.

of
patients13161053
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TABLE 7
Data for Abnormal Pregnancies for Females Receiving 131ITherapy

AnomalyVSD

+PDA*PrematurityPrematuritySpontaneous

abortionSpontaneous
abortionSpontaneous

abortionSex

ofchildMMFâ€”â€”â€”DTC
DXYr*1981198219721967197919741-131RXAge273122122923Latency(mo)6043602520ADMACT2.23.84.052.712.22.7No.doses122251

*AII patients had Total TX preceding 131IRx.
'Ventricular septal defect and patent ductus arteriosus.

diation is low (18). The latency period for the clinical
appearance of radioinduced malignancies is long, particu
larly for solid tumors (79). It would therefore be necessary
to follow a great number of patients for decades to be able
to show conclusively whether an excess of second tumors
occurs in patients treated with 131Icompared to a control

population. This is particularly difficult when dealing with
low prevalence tumors such as thyroid carcinoma. More
over, data obtained over long periods of time are hetero
geneous due to the continuous evolution of diagnostic and
therapeutic schedules and to the techniques available. Fi
nally, exposure to other carcinogenic factors changes
through time.

Carcinogenic risk was evaluated in a similar way to the
study by Hall et al. (20), i.e., comparing the incidence of
second tumors in patients treated with 131Iwith the inci

dence in an internal control group, as well as in a standard
ized reference population from a Cancer Register of our
area. Our study considered a lower number of thyroid
cancer patients than that of Hall's study, with a shorter

duration of the follow-up period. The patients were all

treated and followed in our center by a limited group of
physicians. Thus these data are as homogeneous as possi
ble over a period of three decades. The percentage of the
patients not treated with 131Iis much lower than that of the

Swedish survey. This may be due to different criteria in
patient selection since patients with more advanced dis
ease are sent to our center to be treated with 131I. The

diagnosis of a subsequent tumor was obtained during the
periodical clinical examinations performed in our center or
by the patients' family physician. The overall SIR of sec

ond tumors in our series is lower than that of the Swedish
survey. This could be related to the shorter follow-up du

ration in our series, as well as to differences in the features
of the two populations or even to statistic imprecision. The
95% confidence intervals of SIRs of our series were quite
wide, particularly for single sites of cancers, due to the
limited number of the cancers observed. This shortcoming
could be overcome by longer followup, as well as recov
ering information on patients lost to followup. The in
creased risk observed for salivary gland carcinoma is con
sistent with the observation in the Swedish survey. Slightly

elevated SIRs were also registered for melanoma and
breast cancer. Although one case of melanoma after 24
GBq of 131Iwas reported by Edmonds (21), there is no

evidence in the literature of an increased risk of melanoma
after 131I therapy. In our series, an elevated number of

patients with breast cancer were seen both in the group of
the patients treated, and in the internal control group. An
increased risk of breast cancer in patients affected by dif
ferentiated thyroid carcinoma and other thyroid diseases
has been reported, and no increased risk is reported in
hyperthyroid females treated with 131I(22,23).

The possible role played by hormonal replacement ther
apy in increasing the risk for breast cancer is controversial
(22-24). The fact that the breast carcinoma incidences

were higher than expected in our series could be related to
a closer medical surveillance of cancer patients. It should
be noted that no case of leukemia was registered in our
series although an increased risk of leukemia was reported
by Brinker and Edmonds (21,25). More recently, Hall re
ported leukemia in patients treated with over 30 GBq of 131I
(26). Most reported cases of leukemia after 131I therapy

occur in series with higher mean administered activities of
13.,

In our series, 126 (17.3%) patients received over 9.25
GBq of 131I,and only 6 patients received over 30 GBq. In

this study, only indirect data concerning the possible link
of the induction of second tumors with the age at the
moment of treatment or with the absorbed dose are avail
able. The mean age of the patients with a second tumor was
slightly lower (but not in a statistically significant way), in
the group of the patients treated (49.42 yr) than in the
control group (53.33 yr). Among the patients treated with
131I, the age at the time of the treatment of patients who

developed a second tumor was higher than in the patients
who did not, probably reflecting the higher cancer inci
dence of the more advanced age groups. Thyroid remnants
of the patients with a second tumor and the cumulative
administered activities of 131Iwere not significantly higher
compared to the other patients treated with 131I,thus sug

gesting the lack of a relationship between SIR and ab
sorbed dose. Seven out of 24 patients with second tumors
were treated using external radiotherapy, a fraction higher
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than that of the overall Group A. Only one patient under
went chemotherapy. This could be explained by the fact
that 14 of the 25 patients with second tumors were diag
nosed before 1980, when external radiotherapy was used
more frequently. Even if statistical error is high for the
paucity of the data, SIR does not seem to increase over
time (SIR was 1.17 for the first 10 yr of follow-up and 1.28

for the subsequent years).
Even if possible damage to the gonads of females treated

with 131Iis not an uncommon problem for a nuclear med

icine physician, there are only a few reports on this issue in
the literature (27,28). In our caselist, 4 out of 10 females
with differentiated thyroid carcinoma were of child-bearing
age and 3 of them were treated with 131I.Precluding these

females from becoming mothers severely reduces the qual
ity of life of these patients, who usually have a long life
expectancy.

The dose to the gonads after therapeutic administration
of 3.7 GBq of 131I is about 20 cGy and increases as the

uptake in the tumor or the thyroid increases (21 ). Raymond
reported a temporary ovarian failure in 18 out of 66 females
treated with activities of 131Iranging from 4 to 12.1 GBq.

No quantitative link was found between the appearance of
ovarian failure and the absorbed dose (29). Temporary
ovarian dysfunction in these females may be due to other
factors such as hypothyroidism and perturbation of the
pituitary-gonadal axis rather than 131Itherapy.

The purpose of this study was to evaluate in a clinical
setting whether I31I therapy could promote an impairment

in fertility. It was preferable to compare the fertility rate of
patients treated with 13IIwith the fertility rate of an internal

control group rather than with the fertility rate of the pop
ulation at large. The fertility rate varied significantly over
time and with different geographic areas making standard
ization impractical. Moreover, fertility rates can be lower
in cancer patients, who often refrain from having children
for psychological reasons.

The features of the two groups of patients compared
were quite homogeneous, except for the administration of
131Igiven only to females in Group I. The follow-up period

of the patients of Group I is shorter, because, in recent
years, the number of the patients treated with 131Ihas been

increasing; therefore, patients were diagnosed more re
cently in Group I than in Group II. Our clinical data sug
gest that the use of 131Ifor therapeutic purposes does not

reduce fertility in females.
We usually did not have data concerning the partners of

our patients and did not perform extensive interviews
about their sexual behavior. We could not perform com
plete studies on ovarian function after 131Itherapy because

the majority of our patients live far from our area and
usually leave our center a few days after treatment. Ge
netic damage has been demonstrated in irradiated animal
oocytes (30) and is due to gene mutations or to aberration
of the chromosomal number or structure (31-33). The
spontaneous mutation rate is 0.5 x 10~6 per gene per

generation. The increased risk of birth defects is 3 per IO4

live births, 20 cGy over the background (34). The sponta
neous risk is 80 per IO4live births. Thus, it is difficult to see

the effects of this risk in small groups of patients exposed
to quite low doses, as in this series. Only in a few cases did
we administer activities over 9 GBq. Very low activities of
131Iwere given in some cases, in the first years of the

survey. The range of intervals from the last administration
of 131I and conception is quite wide. The patients who

became pregnant only 1 mo after therapy did so against our
advice.

In our center, females treated with 131Iare not discour

aged from becoming pregnant at 1 yr after the completion
of radioiodine therapy. Only one case of ventricular septal
defect and patent ductus arteriosus was observed, although
cardiac malformations are the most frequent congenital
defects observed in Europe (44.3 per IO4 births) (35). A

significant difference in the number of abortions or prema
ture births in the two groups was not registered. All fe
males had normal pregnancies and delivered children who
were normal on follow-up. A curious item is the prevalence

of the male sex in the children born in each group. This
may be a statistical fluctuation due to the small numbers
involved.

CONCLUSION

The risk of a second tumor or of damage to the gonads of
females treated with 131Iis low and lacks clinical impact.

Thus, radioiodine ablation of thyroid remnants and treat
ment of distant mÃ©tastasesis a safe procedure and can be
performed in all cases of differentiated thyroid carcinoma
at high risk for recurrence, without significant effect.
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EDITORIAL
How Safe for the Patient Is Iodine-131 Therapy for
Differentiated Thyroid Carcinoma?
Ridioactive 131Ihas been used in

he treatment of well-differenti

ated thyroid carcinoma over the past
fifty years with general agreement
from published reports of the safety
and efficacy of this treatment, al
though considerable difference of
opinion exists regarding the method
ology employed and appropriate re
strictions necessary to ensure safety
for the patient and others involved (7).
In the early years of its employment,
wide variations in dose from very low
to very high provided the experience
upon which, in more recent years,
dose ranges have been narrowed and
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techniques have been employed to op
timize results.

Because well-differentiated thyroid

carcinoma is not uncommon in chil
dren and young women in childbear-

ing years, the possibility that this
treatment may affect fertility has gen
erated discussion, and these effects
have been the subject of several re
ports (2,5). In general, there has been
no observable effect based on studies
of offspring, although at least one re
port of ovarian dysfunction after 131I

treatment in humans was described
(4).

Carcinogenesis is also an issue in
younger patients. In the early years
when larger doses were employed,
Brincher et al. described an increase
of leukemia in 131I-treated carcinoma

patients in Denmark (5). However,
Hall et al. in Sweden more recently

concluded that "no specific cancer or

groups of cancers could be convinc
ingly linked to high-dose 131I expo
sures . . ." (6), and that "excess leu

kemia risks of more than 25% could
thus be excluded with high reassur
ance in this population of mainly
adults" (7). However, conflicting

data have come from Edmonds and
Smith in England who found "a small,

significant excess of deaths from can
cer of the bladder and from leuke
mia . . ." (8). Because most case se

ries are small, it has been difficult to
establish the statistical validity of
these observations.

With this background, we have in
this issue of the Journal a paper on the
subject of long-term hazards of 131I

therapy. Dottorini et al. review the
outcome of women with carcinoma of
the thyroid treated with 13II to deter-
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