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Forty patients aged 20 years or less who had been treated with *'I after
surgery for papillary—follicular thyroid carcinoma were contacted for fol-
lowup study. Five had died and two were unmarried; the remaining 33
were studied with respect to their subsequent reproductive histories and the
health of the offspring. The mean age at the time of the first *'l thera-
peutic dose was 14.6 years (range 6-20), and the average followup interval,
from that first dose until followup, was 18.7 years (range 14-25). The
mean total dose of *'l was 196 mCi (range 80-691). The incidences of
infertility (129,), miscarriage (1.49), prematurity (8% ), and major
congenital anomaly (1.4%) found in this series are not significantly dif-
ferent from those in the general population. Thus, our study offers no
overt evidence of genetic damage in children and adolescents treated with

high doses of **'l for thyroid carcinoma.
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Numerous reports (/-5) have shown that 3]
therapy in conjunction with surgery improves the
survival rate in selected cases of papillary—follicular
carcinoma of the thyroid. Fear of possible genetic
mutation, however, has restricted the use of 1311
therapy in younger patients. Studies by Starr et al
(6) and Safa et al (7) on hyperthyroid children and
adolescents treated with 3 (mean dose below 10
mCi) have not shown any difference in reproductive
capacity or health of offspring of these patients com-
pared with the general population. However, we have
seen no similar study of young patients with thyroid
carcinoma, which is treated with much higher doses
of 13!1. The present report concerns the fertility and
birth histories of 33 such patients.

MATERIALS AND METHODS

Patient selection. A review of hospital records dis-
closed that 40 young patients (aged 20 years or less)
had had surgery and subsequent radioiodine therapy
for papillary—follicular carcinoma of the thyroid be-
tween 1947 and 1960. Of these, five had died: three
of thyroid cancer, one of embryonal carcinoma of
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the testis, and another of hepatocellular carcinoma. A
sixth was not married, and a seventh had been
widowed shortly after marriage, thus leaving 33 pa-
tients for this study.

Collection of data. The patients (13 males and 20
females*) were contacted by telephone in 1974 and
standard fertility and birth histories were obtained,
including reproductive capacity, miscarriages, pre-
mature births, stillbirths, neonatal mortality, and con-
genital defects. Infertility was assumed if conception
had not occurred after more than a year of marriage
and no contraceptives were used. Additional infor-
mation, where necessary, was obtained from hos-
pital records and from the patients’ personal phy-
sicians.
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For reprints contact: William H. Beierwaltes, Sect. of Nu-
clear Medicine, University of Michigan Medical Center, Ann
Arbor, Mich. 48109.

* This female-to-male ratio (1.5) parallels the ratio of 1.4
reported by Hempelman for thyroid carcinoma, including
neoplasms treated with x-ray in infancy (J Natl Cancer
Inst 38: 317-341, 1967).
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Age distribution. At the time of the first 3] ther-
apy, six patients were aged 610 years, 11 were aged
11-15, and 16 were aged 16-20; the mean age for
all 33 patients was 14.6 = 4.1 (1 s.d.). Their ages
at the time of followup ranged over 25—43 years, with
a mean of 32.2 = 5.0. The time interval between the
first therapy and the present study was 14-25 years,
with a mean of 18.7 = 3.4,

Dose. The total dose of *!I was 80-691 mCi, with
a mean of 196 * 133 mCi. The dose was 80-100
mCi in four patients, 101-150 mCi in 15, 151-250
mCi in seven, 251-350 in three, and 351-450 mCi
in two. The other patients (Nos. 25 and 40 in Table
1) received 454 and 691 mCi, respectively. Eighteen
patients had received a single dose of 3'I, 13 re-
ceived two doses, one received three, and one re-
ceived four. In those patients receiving more than
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one dose, the '*'I therapy was completed within 3
years, except for two patients (Nos. 13 and 25) who
received two doses, 16 and 4 years apart, respec-
tively.

Although the absorbed radiation dose from !3']
in these patients could not be calculated directly, a
rough estimate may be obtained from MIRD Dose
Estimate Report No. 5 (8). Thus, for a total ad-
ministered dose of 80-691 mCi, the cumulative total-
body radiation dose (0.24 rad/mCi) would range
over 20-166 rads and the gonadal dose (0.1 rad/
mCi) would be 8-69 rads, with variations due to
differences in body and organ masses.

RESULTS

Tables 1 and 2 give the details of each patient’s
therapy, reproductive history, and offspring com-

TABLE 1. REPRODUCTIVE HISTORY OF PATIENTS TREATED WITH 1311 FOR THYROID CANCER
Age Age
Pa- at 1st Age at No. of Pa- at 1st Age at No. of
tient dose  Doses study live tient dose  Doses study live
No. Sex (years) (mCi) (years) Fertility births No. Sex years) (mCi) (years) Fertility births
1 F 3 40 Deceased —_ —_ 22 F 14 121 29 Infertile 1
at age 4 for3
2 M 3 4 Deceased —_ —_ years be-
at age 4 fore 1st
3 M 9 60,60 Deceased Unmarried — preg-
at age 29 nancy*
4 M 12 60,172, Deceased Unmarried — 23 F 14 122 30 Fertile
208,166  atage 22 24 F 14 80, 80, 36 Fertile 2
5 F 12 95 33 Unmarried — 92,150
[ F 20 205 Deceased Unmarried — 25 F 16 50,100, 30 Fertile 3
at age 21 100, 204
7 F 20 125 38 Widowed — 26 M 16 123 33 Fertile 5
soon 27 M 17 60,125 43 Fertile 3
after 28 M 17 126 35 Fertile 2
marriage 29 M 17 50, 80, 80 39 Infertile —_
8 M 6 50, 60 28 Fertile 1 (married
9 M 7 60, 60 28 Fertile 2 14 years)
10 M 8 119 26 Fertile 3 30 M 18 97 41 ? Infertilet —
n M 9 50, 80, 32 Fertile 3 (married
130 3 years)
12 F 10 177 25 Fertile 3 31 F 18 130 36 Fertile 3
13 F 10 180 32 Fertile 3 32 F 18 125 35 Fertile 2
14 M n 80 32 Fertile 4 33 F 18 122 34 Fertile 2
15 F 12 80,70, 80 32 Fertile 5 34 F 18 100 40 Fertile 1
16 F 12 153,102 29 Fertile 3 35 F 19 120 36 Fertile 4
17 F 12 95,146, 26 Fertile 1 36 F 19 125 35 Fertile 1
206 37 F 20 146 36 Fertile 2
18 M 13 125 30 Fertile 1 38 F 20 217 35 Infertile —
19 F 13 95 27 Fertile 1 (married
20 M 13 40,72 39 Fertile 3 14 years)
21 F 13 195 28 Fertile Pregnant 39 F 20 60, 90, 44 Fertile 3
with 82,100
st 40 M 20 226, 230, 34 Fertile 2
child 235
Incidence of infertility in study, 12%
Prevalence in normal population, 12%
* First pregnancy terminated in miscarriage at 3.5 months. Incidence for miscarriage in study was 1.4%, whereas normal prev-
alence is 15%.
1 Spends most of his time in mental institution.
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TABLE 2. BIRTH HISTORY OF PATIENTS TREATED FOR THYROID CANCER
Sex Sex
Parent of Age at study Parent of Age at study
(Pt. No.)  offspring (years) Perinatal complications (Pt. No.) offspring (years) Perinatal complications
8 M 1 week None 24 F 16 None
9 M 5 None F 15 None
F 2 None 25 M 9 None
10 M 6 None F 8 None
M 4 None M 5 None
F 2 None 26 M 12 None
n M ) 2 months premature: F Deceased* None
healthy F Deceasedt None
M 2 None F 10 None
12 M 7 None F 5 None
F 3 None 27 M 10 None
M 2 None M Deceased$ 1 month premature
13 M n None M 8 None
F 9 None 28 M 13 None
M 2 None M 10 None
14 F 9 6 weeks premature: 31 F 13 None
F 9 healthy twins F n None
M 4 None F 7 None
F 2 None 32 F 13 None
15 F 14 None M 10 None
F 13 None 33 F 7 None
F [ None F 5 None
F 3 None 34 M 18 None
M 1 None 35 M Deceased|| None
16 F 10 None M 10 None
M 8 None M 9 None
M 2 weeks None F ) None
17 M 1 month None 36 F 13 None
18 M 2 None 37 M 9 None
19 F 1 None F ) None
20 M 14 None 39 F 20 None
M n None M 18 None
F 5 1 month premature: M 14 None
healthy 40 M 8 3 weeks premature:
22 M 1 Cesarian birth: healthy
healthy M 2 None
23 F n None
M 8 None
Incidence of premature offspring, 8%
Prevalence in normal population, 7-14%
* Died at age 8 months of meningitis.
t Died at age 4 in auto accident.
$ Died within 24 hr of birth.
|| Had congenital cardiac anomaly (1.4% incidence); normal prevalence of significant congenital anomaly is 1-2%.

plications, along with the incidence of complications
in our series and the published normal incidences of
infertility (9), miscarriage (10,11), prematurity
(12,13), and congenital anomalies (12).

Of the 13 men, two (15% ) are childless. One of
them (No. 29) has been married for 14 years. Al-
though the other (No. 30) has been married for 3
years, he has had a psychiatric disorder since child-
hood and spent most of his time in a mental institu-
tion. If this latter patient is excluded, the incidence
of infertility would be 8% . The wives of the remain-
ing 11 have had 28 live births, six of which (21%)
were premature. However, two of these children (pa-
tient No. 14) were twins and, if these two are ex-
cluded, the incidence of prematurity would be 15%.
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Of the other premature children, one died in the
neonatal period; this child had two healthy siblings.

Of the 20 women in the series, two (10% ) have a
history of infertility. One of them (No. 38) is child-
less after 14 years of marriage. Another (No. 22)
was infertile for 3 years before a fruitful pregnancy;
this patient had a spontaneous abortion 10 months
prior to the first childbirth. One patient (No. 21)
was pregnant at the time of followup. Thus, 18 of
the 20 women have had 43 live births. Patient No. 35
had one infant with a congenital cardiac anomaly and
it died soon after birth; she has had three other chil-
dren, all healthy.

Altogether, our 33 patients (or their wives) had
71 live births. Four patients (12% ) were infertile
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(normal published incidence, 12% ), and there were
six (8% ) cases of prematurity (7-14%), one
(1.4% ) miscarriage (15%), and one (1.4% ) birth
with a significant congenital anomaly (1-2%). In
those four patients with infertility, workup for an
etiology either was not done or was inconclusive.

Although the time interval between the last dose
and conception is important, it is hazardous to com-
ment on this factor because of the variable period
between dose and marriage. We note, nevertheless,
that there were successful pregnancies in two female
patients (Nos. 24 and 39) as early as 2.3 years after
the dose, and in three other female patients (Nos.
32, 34, and 36), within 2.5-3.0 years after the last
dose of 1311.

We also studied the relationship of reproductive
history to such known factors as age at first therapy,
total dose, and interval before followup. At the time
of the first therapy, the mean age of the nine patients
with complications was 16.3 = 3.7 years, which is
not significantly different from the mean age (14.0
=+ 4.1) of the 24 patients with no complications
(p > 0.10). The mean total dose in patients with
complications was 224 * 184 mCi as opposed to
186 = 112 mCi in those without complications; this
difference is not statistically significant (p > 0.40).
An incidental finding was that five (56% ) of the pa-
tients with complications, compared to 29% of those
without, had received x-ray therapy either before or
after radioiodine treatment. Three of these patients
received a mean dose of 3,767 rads; in the two others
the doses are not known. The mean durations of
followup in the groups with and without complica-
tions were 19.6 *+ 4.2 years and 18.4 =+ 3.1 years,
respectively.

DISCUSSION

Although the demonstration that no harmful ge-
netic effects have been observed in children and
adolescents (and their offspring) treated for hyper-
thyroidism with 13'I (7) has elicited considerable
interest, we have seen no similar studies of children
and adolescents treated for thyroid carcinoma, which
involves ' doses 10-68 times greater than those
used to treat Graves’ disease.

Our studies show no overt evidence of genetic
damage in the children and adolescents of the latter
group. Even following estimated cumulative radia-
tion doses ranging from 20-166 rads to the whole
body and 8-69 rads to the gonads, the incidence of
infertility, miscarriage, prematurity, and congenital
anomaly is not significantly different from that seen
in the general population. Furthermore, where these
occurred, there was no relationship to age at first
therapy, total dose of '*'I, or duration of followup.
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However, patients reporting complications had a
higher incidence of added x-ray therapy.

Although theoretical estimates of genetic risks in
humans exposed to ionizing radiation have been pub-
lished (74), they are based on animal data, and we
lack conclusive clinical evidence of genetic damage
in humans exposed to therapeutic radiation. Genetic
changes have been extensively investigated in the
heavily irradiated survivors of the atomic bombings
(15,16), and no increases in major congenital anom-
alies, stillbirths, or infant mortality were found. The
only positive finding was an alteration of the sex
ratio in the offspring.

Radioiodine therapy of metastatic thyroid carci-
noma after surgery is a simple procedure that can be
life-saving in certain situations (/,2). Nevertheless, its
use may be denied patients, especially in the younger
age groups, for fear of genetic damage. This report
of our limited experience should encourage others
to publish their results so that a significant body of
data can be accumulated, similar to that already
accumulated on the reproductive histories of chil-
dren treated with 31 for hyperthyroidism. Mean-
while, it may be reassuring to parents of children
about to be treated with 3! for metastatic thyroid
carcinoma to know that our experience to date pro-
vides no cause for alarm.
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NOTICE OF NEXT ABNM CERTIFYING EXAMINATION

The American Board of Nuclear Medicine announces that its Fourth Certifying Examination in Nuclear
Medicine will be held on Saturday, September 18, 1976.

The 1976 examination will be the last given under the present requirements of a combination of
training and experience. Beginning with the 1977 examination, it will be necessary for candidates to have
had two years of creditable performance in an accredited nuclear medicine residency.

Applications for the 1976 examination are available from:
The American Board of Nuclear Medicine
475 Park Avenue South

New York, New York 10016
Telephone (212) 889-0717

Applications should be accompanied by an application fee of $400 and submitted by the deadline of
June 1st, 1976.
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SNM GREATER NEW YORK AREA CHAPTER
SECOND ANNUAL SCIENTIFIC MEETING

September 10-12, 1976 New York Hilton

New York, New York

The 2nd Annual Scientific Meeting of the Greater New York Area Chapter of the Society of Nuclear
Medicine will be held Friday through Sunday, September 10-12, 1976, at the New York Hilton at Sixth
Avenue and 53rd Street in New York City.

In addition to selected scientific papers and commercial exhibits, the meeting will feature survey pa-
pers and workshops conducted by invited faculty. There will be a Business Meeting on September 11 at
4:00 p.m.

Submitted papers should be sent no later than July 15, 1976, to:

Richard S. Benua, M.D., Program Chairman
Nuclear Medicine Service, Memorial Hospital

1275 York Avenue
New York, N.Y. 10021
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