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Context.— High-dose iodine 131 is the treatment of choice in the United States
for most adults with hyperthyroid disease. Although there is little evidence to link
therapeutic *3I to the development of cancer, its extensive medical use indicates
the need for additional evaluation.

Objective.— To evaluate cancer mortality among hyperthyroid patients, particu-
larly after 3| treatment.

Design.— A retrospective cohort study.

Setting.— Twenty-five clinics in the United States and 1 clinic in England.

Patients.— A total of 35593 hyperthyroid patients treated between 1946 and
1964 in the original Cooperative Thyrotoxicosis Therapy Follow-up Study; 91% had
Graves disease, 79% were female, and 65% were treated with 1.

Main Outcome Measure.— Standardized cancer mortality ratios (SMRs) after 3
treatment modalities for hyperthyroidism.

Results.— Of the study cohort, 50.5% had died by the end of follow-up in
December 1990. The total number of cancer deaths was close to that expected
based on mortality rates in the general population (2950 vs 2857.6), but there was
a small excess of mortality from cancers of the lung, breast, kidney, and thyroid, and
a deficit of deaths from cancers of the uterus and the prostate gland. Patients with
toxic nodular goiter had an SMR of 1.16 (95% confidence interval [CI], 1.03-1.30).
More than 1 year after treatment, an increased risk of cancer mortality was seen
among patients treated exclusively with antithyroid drugs (SMR, 1.31; 95% ClI,
1.06-1.60). Radioactive iodine was not linked to total cancer deaths (SMR, 1.02;
95% Cl, 0.98-1.07) or to any specific cancer with the exception of thyroid cancer
(SMR, 3.94; 95% Cl, 2.52-5.86).

Conclusions.— Neither hyperthyroidism nor 3| treatment resulted in a signifi-
cantly increased risk of total cancer mortality. While there was an elevated risk of
thyroid cancer mortality following **! treatment, in absolute terms the excess num-
ber of deaths was small, and the underlying thyroid disease appeared to play arole.

Overall, !l appears to be a safe therapy for hyperthyroidism.
JAMA. 1998;280:347-355
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HYPERTHYROID DISEASE is rela-
tively common, particularly among
women. Theincidence of Graves disease,
the cause of over 80% of hyperthyroid-
ism in the United States, is between
0.02% and 1%."* Hyperthyroidism can
be treated with radioiodine (iodine 131),
surgery (subtotal thyroidectomy), or an-
tithyroid drugs, but **'T is the treatment
of choice for most adults in the United
States.! The extensive use of *I therapy
has raised concern regarding its poten-
tial carcinogenic and leukemogenic ef-
fects, although there is little evidence to
support this concern.>® Public interest
in the late health effects of *'I exposure
was rekindled by the 1986 Chernobyl ac-

cident and acknowledgment of past **'1
releases fromnuclearreactors and bomb
testing.

The Cooperative Thyrotoxicosis
Therapy Follow-up Study began in 1961.
It included 35 609 patients with hyper-
thyroidism treated between 1946 and
1964 at one of 26 study clinics. When the
study ended in 1968, after a mean follow-
up of 8.2 years, thyroid cancer incidence
and mortality!’ and leukemia incidence®
were not significantly elevated in the *!1-
treated patients compared with other pa-
tients. In a more recent follow-up of pa-
tients from the Mayo Clinic, Rochester,
Minn, and Massachusetts General Hos-
pital, Boston, total cancer mortality was
not associated with I therapy.'“2 How-
ever, the incidence of cancers in organs
that concentrate iodine was elevated
(relative risk [RR], 1.8; 95% confidence
interval [CI], 1.1-3.2) among the *!1-
treated patients at the Mayo Clinic,” and

For editorial comment see p 375.

breast cancer incidence was slightly in-
creased (RR, 1.3; 95% CI, 0.8-1.9) in the
Massachusetts General Hospital pa-
tients."* Although no association be-
tween ®!I exposure and mortality from
leukemia (standardized mortality ratio
[SMR],0.98;95% CI, 0.64-1.42) or breast
cancer (SMR, 0.86; 95% CI, 0.69-1.02)
was seen among Swedish hyperthyroid
patients, a significant excess of respira-
tory (SMR, 1.26; 95% CI, 1.04-1.49) and
digestive (SMR, 1.14;95% CI, 1.03-1.25)
cancer mortality was observed. During
the first 10 years of follow-up, there was
an excess of thyroid cancer mortality
(SMR, 3.22; 95% CI, 1.54-5.98), which
completely disappeared after 10 years
(SMR, 0.66; 95% CI, 0.08-2.37).15 To as-
sess the long-term carcinogenic effects
of treatment for hyperthyroidism,
we conducted a mortality follow-up,
through 1990, of the original Coopera-
tive Thyrotoxicosis Therapy Follow-up
Study population.

Cancer Mortality Following Treatment for Hyperthyroidism—Ron et al 347

©1998 American Medical Association. All rights reserved.



Table 1.—Study Population by Treatment Center
|

No. (%) of
Treatment Center Patients *
Mayo Clinic, Rochester, NY 5068 (14.2)
Lahey Clinic, Boston, Mass 4282 (12.0)
Mount Sinai Hospital, New York, NY 3169 (8.9)
Cedars Sinai Medical Center, Los 2514 (7.1)
Angeles, Calif
Columbia Presbyterian Hospital, 2373 (6.7)
New York, NY
Massachusetts General Hospital, 2345 (6.6)
Boston
Los Angeles County, Los Angeles, 1786 (5.0)
Calift
New York Hospital-Cornell Medical 1473 (4.1)
Center, New York
University of Michigan, Ann Arbor 1275 (3.6)
University Hospitals of Cleveland, 1111 (3.1)
Cleveland, Ohio
University of California, San 1064 (3.0)
Francisco
Beth Israel Hospital, Boston, Mass 1042 (2.9)
University of Maryland, Baltimore 978 (2.7)
Montefiore Medical Center, New 952 (2.7)
York, NY
White Memorial Hospital, Los 841 (2.4)
Angeles, Calif
University of Cincinnati, Cincinnati, 785 (2.2)
Ohio
St Louis University, St Louis, Mo} 762 (2.1)
Ochsner Clinic, New Orleans, Lat 585 (1.6)
Memorial Sloan-Kettering Hospital, 573 (1.6)
New York, NY
Strong Memorial Hospital, 466 (1.3)
Rochester, NY$
Cleveland Metropolitan General 450 (1.3)
Hospital, Cleveland, Ohio
Sheffield, England 1699 (4.8)

. _____________________________________________________|
*Includes the 35593 in final study population.
tincludes Veterans Affairs Wadsworth, Veterans Af-

fairs Long Beach, University of California, Los Angeles,

University of Southern California, and some private

clinics.

FFor technical reasons, follow-up for these centers
was not conducted during the current study.

METHODS

The original Cooperative Thyrotoxico-
sis Therapy Follow-up Study included all
hyperthyroid patients treated with 131,
thyroid surgery, antithyroid drugs, or any
combination of these treatments, be-
tween January 1, 1946, and December 31,
1964, at 25 US and 1 British medical cen-
ter (Table 1). Comprehensive clinical data
were abstracted frommedical records and
hyperthyroidism was classified as Graves
disease in 91% of the patients, toxic nodu-
lar goiterin 8%, and unknownin 1%. Forty
percent of the patients were known to
have received some treatment for hyper-
thyroidism prior to study entry; 75% of
these patients had received antithyroid
drugs only, 22% had undergone thyroid-
ectomy alone or in combination with an-
tithyroid drugs, and 2% had received **'1
therapy with or without other treat-
ments. Follow-up information was ob-
tained fromthe treating physician or clinic
or from the patient when no medical
source was available. At the end of the
first follow-up, 6228 patients (17.5%) had
died and 1432 (4.0%) were lost to follow-
up. The original study methods have been
described by Saenger et al,> Dobyns et
al,'’ Becker et al,'* and Tompkins.!
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US Thyrotoxicosis Study
26 Study Centers
N=35630

Computer

Listings

Microfiche

- - Handwritten
Microfilm Listings
New Master File
n=35630
[
I I |
Follow-up Known Deceased No Follow-up
n=25392 n=6228 n=4010

Exclude Duplicates
n=7

Further Follow-up
n=25385

3 Small Clinics No Name on Clinic Record
n=1414 n=2596

Final Data Editing
n=35623

Exclude Duplicates,

Incomplete Records
n=30

Final Data Set
n=35593

Complete Follow-up
Through 12/31/90
n=28719

Unknown Vital
Status on 12/31/90
n=6874

Description of study data flow.

Using computer lists, microfiche, mi-
crofilm cassettes, and handwritten mate-
rial, a master file of 35 630 patients from
the original study was assembled in 1984
(Figure). The National Cancer Institute
worked with 4 regional study centers,
Harvard University, Boston, Memorial
Sloan-Kettering Cancer Center, New
York, NY, University of Southern Cali-
fornia, Los Angeles, and Research Tri-
angle Institute, Research Triangle Park,
NC, to conduct a second mortality follow-
up of the study cohort. Follow-up was not
attempted for 4010 patients, including
1414 patients from 3 small treatment cen-
ters not in the geographical areas of the
other centers and 2596 patients whose
names had been removed from the medi-
cal records by the treatment clinics after
completion of the first study. The exclu-
sion of these patients from further follow-
upwas duetotechnical reasons and wasin
no way related to patient characteristics.
With these exclusions, 31620 patients
were eligible for further follow-up. Since
6228 patients were known to have died
during the first follow-up, 25 392 patients
remained to be traced. After supplemen-
tal identification data were abstracted,
study subjects were traced using records
from the National Death Index, Health
Care Financing Administration, Social

Security Administration, state vital sta-
tistics offices, state motor vehicle admin-
istrations, local tracing resources, and
commerecial tracing companies. Copies of
death certificates were obtained for de-
ceased patients and were coded according
tothe International Classification of Dis-
eases, Eighth Edition (ICD-8).2 Causes
of death fromthe first study were recoded
from the International Classification of
Diseases, Seventh Edition (ICD-7)" to
ICD-8 by trained nosologists. After final
editing of the data tape, 35593 patients
were included in the study cohort.

In the main analyses, we compared the
observed number of deaths with the ex-
pected number based on US national
mortality rates. Person-years at risk
were computed for each patient from the
date of study entry (the first time a pa-
tient visited a participating study clinic
during the study enrollment period) until
the date of death, the date last known to
be alive for those lost to follow-up, or the
end of follow-up (December 31, 1990) for
those known to be alive. Standardized
mortality ratios (the ratio of observed to
expected number of deaths) and 95% CIs
were computed assuming a Poisson dis-
tribution for the observed number.
Cause-specific expected numbers of
deaths were calculated by applying the
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age-, sex-, race-, and calendar-year—spe-
cific mortality rates to the appropriate
person-years at risk.?’ Because we were
using US mortality rates as the compari-
son population, the 1699 patients from
England had to be excluded from these
analyses. Inaddition, we excluded 146 pa-
tients for whom information on sex, date
of birth, or date of study entry was miss-
ing, leaving 33 748 patients.

The SMR analyses were performed
separately for patients with Graves dis-
ease and toxic nodular goiter and for
7 treatment categories: *'I treatment
only; B treatment and surgery; *I treat-
ment and drugs; *'I treatment, surgery,
and drugs; surgery only; surgery and
drugs; and drugs only. Because results
were virtually the same for the 4 groups
of patients treated with ®'T and for the 2
surgery groups, we present results for
combined treatment groups. Dates of on-
set of treatment were unknown for pa-
tients receiving drug therapy; however,
since 98% of the ®'I-treated patients and
78% of patients who underwent surgery
received their first treatment within 2
years of study entry, study entry date was
used as a surrogate date for evaluation of
latency. Only 231 patients had surgery be-
fore 1*1 treatment. Since deaths occur-
ring within 1 year of study entry are not
likely to be caused by treatment for hy-
perthyroidism, these deaths were ex-
cluded in all analyses related to treat-
ment. As in all mortality analyses using
US national mortality rates as a compari-
son, patients with preexisting cancers
were not excluded because they are in-
cluded in the national rates.

Doses from ®!T to 17 organs were es-
timated for study subjects by multiply-
ing the amount of administered activity
by the dose factors (age [1, 5, 10, 15, and
>15 years old], and 24-hour thyroid up-
take [0%, 25%, 35%, 45%, and 55%]) pro-
vided for each organ in current Interna-
tional Commission on Radiological Pro-
tection tables.?! Fewer than 500 patients
were aged 15 years or younger and most
patients (70%) had at least one 24-hour
thyroidal T uptake greater than 55%.
Because many clinics treated all patients
with a standard amount of administered
activity, thyroid uptake measurements
were not performed before treatment.
We estimated these uptakes using the
experience of the 3162 uptakes per-
formed within 1 month prior to treat-
ment, modeled on sex, age at treatment,
number of treatments, calendar year of
treatment, clinic, type of hyperthyroid-
ism, and administered activity of *'I. We
did not estimate dose to the thyroid be-
cause gland size, dose distribution, and
effective half-life must be known. How-
ever, at least 50 to 70 Gy delivered to the
thyroidisusual when treating hyperthy-
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roidism.?? Only 3 other organs received
an average ®!I dose above 100 mGy:
stomach (178 mGy), bladder (128 mGy),
and small intestine (108 mGy). The av-
erage estimated dose to the red bone
marrow was 42 mGy and to the breast
was 32 mGy. Using a different method of
estimation, Saenger et al® reported the
mean bone marrow dose to be between
80 and 160 mGy. Their estimate is 2 to 4
times higher than ours, probably be-
cause based on information from the lit-
erature at that time,?* they assumed
that the blood dose was 1.7 times the ad-
ministered activity and that the bone
marrow dose was between 46% and 86%
of the blood dose. More recently, Zanzo-
nico et al® reconstructed doses for 468
patients from the original study group
and their results were similar to ours:
for patients with Graves disease, aver-
age doses to the bladder, red bone mar-
row, and breast were 190 mGy, 50 mGy,
and 30 mGy, respectively. Toensure that
the imputed uptakes did not signifi-
cantly affect the analyses, we also esti-
mated doses assuming all unknown up-
takes to be 25% and 55% (the lower and
upper limits used in the International
Commission on Radiological Protection
tables). Dose estimates based on 55% up-
takes were similar to those based on the
imputed uptakes. When 25% uptakes
were assumed, dose estimates were
somewhat lower, but few hyperthyroid
patients would have uptakes below 50%.

Because of particular interest in thy-
roid, hematopoietic, and lymphoprolif-
erative malignancies, we used Poissonre-
gression methods for analysis of grouped
cohort time-to-exposure data to evaluate
the relationship between deaths from he-
matopoietic and lymphoproliferative ma-
lignancies and *'T administered activity,
as well as estimated absorbed bone mar-
row dose. Forthyroid mortality, we could
only assess administered activity of *'1
because we were unable to estimate or-
gan doses. Since these analyses did not
use an external comparison, we included
the patients from England, but excluded
patients with cancers diagnosed before
study entry. The data were cross-classi-
fied by sex, age at treatment (0-29, 30-39,
40-49, 50-59, and =60 years), time since
treatment (0-4,5-9,10-19,and =20 years),
type of hyperthyroidism (Graves disease,
toxicnodular goiter), administered *'I ac-
tivity (0, 0.01-4, 5-6, 7-9, 10-14, 15-19, and
=20 mCi), and for the analysis of hema-
topoietic and lymphoproliferative malig-
nancies, red bone marrow dose estimates
(0,0.1-14,15-19,20-24, 25-29, 30-39, 40-49,
50-79, and =80 mGy). We fit a linear
excess RR dose-response model (the
background disease rate among the
nonexposed X [1 + the excess RR]), tak-
ing the described covariates into consid-

eration. Background rates were strati-
fied by sex, age at treatment, time since
treatment, and type of hyperthyroidism.
Maximum likelihood parameter esti-
mates were obtained, and likelihood ratio
tests were used to assess the significance
of the dose response.? Trend tests were
calculated using ™' exposure as a con-
tinuous variable. EPICURE software
(HiroSoft International Corp, Seattle,
Wash) was used for these analyses.?”

RESULTS

At the end of follow-up, the 35593
study subjects (79% female) had 738 831
person-years of follow-up. The mean age
at study entry was 46 years and 3% were
younger than 20 years. There were 10 760
patients (30.2%) still alive, 17 959 (50.5%)
were deceased, and 6874 (19.3%) were
lost to follow-up. Eighty-eight percent of
the study population had 5 to 10 years of
follow-up and 76% had 10 years or more.
The mean length of follow-up from first
clinic visit was 21 years (range, 1-44
years). Overall follow-up was better for
men (83% vs 79% for women), older pa-
tients (86% for those =50 years at study
entry vs 77% for those <50 years), and
patients treated with surgery (88% vs
78% for T and 75% for drug treatment).
The difference by treatment groupis due
to the low proportion of surgery patients
(13%) in the group of 4010 patients for
whom follow-up was not conducted for
technical reasons. There were no differ-
ences in follow-up by treatment among
the 31620 patients for whom follow-up
was conducted in the current study (92%,
92%, and 90% for surgery, *'I treatment,
and drug treatment, respectively).

Approximately 65% of the study sub-
jects had been treated with 1*I; 25% had
received **'I treatment alone and 39% had
received T in addition to surgery and/
or drugs (Table 2). The average ®'I ad-
ministered activity was 6.1 mCi (SD, 5.2)
per treatment. Patients treated with *'T
received 1.8 treatments on average, re-
sulting in a cumulative mean total admin-
istered activity of 10.4 mCi (5th-95th per-
centile = 3,27mCi). Both the mean number
of treatments and cumulative adminis-
tered activity were higher in patients with
toxic nodular goiter (2.1 treatments and
17.0 mCi) compared with patients with
Graves disease (1.7 treatments and 10.0
mCi). The mean ™1 thyroidal uptake was
62.4% among the 20 639 patients for whom
an uptake value was recorded at first ex-
amination. Slightly more than 40% of the
patients underwent surgery, almost al-
ways in conjunction with antithyroid
drugs. Only 4% of the patients received
drug therapy alone. Women were younger
and had surgery somewhat more fre-
quently than men, and patients receiving
surgery or drug therapy alone were
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slightly younger than those treated with
BIT, Patients with Graves disease were
more likely to receive ' treatment (65%
of the Graves patients) than surgery
(30.7%) or antithyroid drugs (3.8%). In con-
trast, 43.2% of the patients with toxic
nodular goiter received '*I therapy com-
pared with 54.5% treated surgically and
2.3% treated with drugs.

At the time of study entry, 1082 pa-
tients had a history of 1338 prior can-
cers. Twenty-three percent of these pa-
tients died of a malignancy during the
study period. Patients treated with drug
therapy alone had the highest crude rate
(39.3 in 1000 patients) of previous can-
cers, those treated with ®'T had an in-
termediate rate (14.2 in 1000 patients),

and those treated surgically had the low-
est rate (5.51in 1000 patients), except for
patients with a history of prior thyroid
cancer who most often were treated sur-
gically for their hyperthyroidism.

All Treatments

All Patients.—Overall, 16683 deaths
(49.4%) occurred among the 33748 pa-
tients from the United States with known
date of birth, date of study entry, and sex.
Cause of death was known for all but 111
of the deceased subjects. Cancer was the
primary cause of death for 2950 patients,
whereas 2857.6 deaths from cancer (SMR,
1.03) were expected (Table 3). The risk of
death from cancer varied by years of fol-
low-up, but was significantly elevated

Table 2.—Selected Characteristics of Study Population by Treatment
]

Female, Male, Total, Age, Follow-up,

Treatment No. (%) No. (%) No. (%) Mean, y* Mean, y
lodine 131 18020 (63.8) 5000 (68.1) 23020 (64.7) 49.0 18.9
lodine 131 only 7029 (24.9) 1999 (27.2) 9028 (25.4) 49.9 18.0
lodine 131 and drugs 7999 (28.3) 2440 (33.2) 10439 (29.3) 49.5 18.5
lodine 131 and surgery 757 (2.7) 135 (1.8) 892 (2.5) 48.3 19.7
lodine 131 and surgery and drugs 2235 (7.9) 426 (5.8) 2661 (7.5) 445 23.1
Surgery (no iodine 131) 9119 (32.3) 2080 (28.3) 11199 (31.5) 41.6 26.2
Surgery only 654 (2.3) 164 (2.2) 818 (2.3) 50.8 22.7
Surgery and drugs 8465 (30.0) 1916 (26.1) 10381 (29.2) 40.8 26.5
Drugs only 1094 (3.9) 260 (3.6) 1374 (3.8) 44.9 17.8
Totalt 28248 (100.0) 7345 (100.0) 35593 (100.0) 46.5 21.2

*Data are mean age at the time of study entry.

tTotal includes 15 female and 5 male patients with unknown or other treatment.

Table 3.—Observed and Expected Cancer Mortality Among US Hyperthyroid Patients*
__________________________________________________________________________________________________________________|]
Years Between Study Entry and Cancer Death

only during the first 4 years (SMR, 1.31;
95% C1,1.19-1.43), particularly during the
first year (SMR, 1.52; 95% CI, 1.25-1.84).
During the entire study period, deaths
from cancers of the lung (SMR, 1.11),
breast (SMR, 1.17), kidney (SMR, 1.31),
and thyroid (SMR, 2.77) were signifi-
cantly elevated compared with the US
population. For all 4 cancer types, the
SMRs were highest within 5 years of
study entry, and only thyroid cancer mor-
tality remained significantly higher than
expected 10 or more years after study en-
try (SMR, 2.01; 95% CI, 1.10-3.37).

Mortality from cancers of the liver,
larynx, uterus, and prostate occurred
significantly below expectation. No ex-
cess deaths from lymphoma, leukemia,
or hematopoietic and lymphoprolifera-
tive malignancies as a group were ap-
parent over the entire study period, but
leukemia mortality was increased 5 to 9
years after study entry (SMR, 1.62; 95%
CI, 1.01-2.45).

Because 79% of the study population
was female, their mortality experience
dominates the overall evaluations. Among
women, 2252 cancer deaths were ob-
served compared with 2101.8 expected
(SMR, 1.07; 95% CI, 1.03-1.12), and an
excess of lung (SMR, 1.28; 95% CI,
1.14-1.44), breast (SMR, 1.17;95% CI,1.07-
1.28), kidney (SMR, 1.37; 95% CI, 1.00-
1.83), and thyroid (SMR, 2.66; 95% CI, 1.70-

I
0-4 (n = 33748)t

5-9 (n = 29581)t

=10 (n = 25285)t

Total (N = 33 748)t

[
Observed/

Observed/ SMR Observed/ SMR Observed/ SMR SMR
Type of Malignancy Expected (95% Cl)F Expected (95% CI)t Expected (95% Cl)F Expected (95% CI)t
All malignancies 479/366.40 1.31 (1.19-1.43) 402/389.84 1.03 2069/2101.39 0.98 2950/2857.64 1.03
All solid cancers 443/338.59 1.31 (1.19-1.44) 358/358.15 1.00 1893/1913.39 0.99 2694/2610.13 1.03
Buccal cavity 9/6.26 1.44 6/6.85 0.88 36/34.50 1.04 51/47.60 1.07
Digestive tract 143/121.32 1.18 118/126.04 0.94 610/612.52 1.00 871/859.88 1.01
Esophagus 1/4.84 0.21 6/5.40 1.11 30/30.33 0.99 37/40.57 0.91
Stomach 35/26.31 1.33 24/24.24 0.99 82/83.16 0.99 141/133.72 1.05
Colorectal 66/55.73 1.18 73/59.90 1.22 313/312.46 1.00 452/428.09 1.06
Liver 10/14.85 0.67 5/13.84 0.36 (0.12-0.84) 45/48.91 0.92 60/77.59 0.77 (0.59-1.00)
Pancreas 25/16.64 1.50 8/19.50 0.41 (0.18-0.81) 128/116.99 1.09 161/153.13 1.05
Larynx 2/2.08 0.96 1/2.27 0.44 5/11.65 0.43 8/16.00 0.50 (0.22-0.99)
Lung 54/33.84 1.60 (1.20-2.08) 55/42.87 1.28 391/374.83 1.04 500/451.53 1.11 (1.01-1.21)
Breast 80/55.44 1.44 (1.14-1.80) 68/58.01 1.17 312/279.94 1.11 460/393.37 1.17 (1.06-1.28)
Uterus 34/38.48 .088 19/34.04 0.56 (0.34-0.87) 64/101.71 0.63 (0.48-0.80) 117/174.23 0.67 (0.56-0.80)
Ovary§ 22/19.08 1.15 26/19.99 1.30 104/98.09 1.06 152/137.16 111
Prostate 9/7.31 1.23 8/8.95 0.89 43/65.90 0.65 (0.47-0.88) 60/82.16 0.73 (0.56-0.94)
Bladder 10/7.96 1.26 5/8.78 0.57 49/47.05 1.04 64/63.79 1.00
Kidney 17/5.94 2.86 (1.67-4.58) 716.57 1.07 42/37.77 1.11 66/50.28 1.31 (1.02-1.67)
Brain, nervous system 5/7.24 0.69 9/7.48 1.20 41/37.57 1.09 55/52.29 1.05
Thyroid 13/1.74 7.47 (3.97-12.78) 2/1.76 1.14 14/6.97 2.01 (1.10-3.37) 29/10.47 2.77 (1.85-3.98)
All hematopoietic and 36/27.81 0.77 44/31.69 1.39 (1.01-1.86) 176/188.00 0.94 256/247.50 1.03
lymphoproliferative
Lymphoma 16/13.39 1.24 13/14.46 0.90 69/75.28 0.92 98/103.13 0.95
Leukemia 15/12.55 1.19 22/13.59 1.62 (1.01-2.45) 81/73.16 1.11 118/99.29 1.19

*Data exclude British patients.

tThe number of person-years for 0 to 4 years between study entry and cancer death is 158 654; for 5 to 9 years, 137 290; for 10 or more years, 420 715; and the total number

of person-years is 716 659.

¥SMR indicates standardized mortality ratio; Cl, confidence interval. Confidence intervals are shown for SMRs significant at 5% level.
§Data include other and unspecified female genital cancers.
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3.95) cancer mortality was observed. A
deficit of mortality from cancers of the
uterus (corpus and cervix) also was seen
(SMR, 0.67; 95% CI, 0.55-0.80). Five or
more years after study entry, only mor-
tality from lung and thyroid cancer re-
mained in excess, but the deficit of deaths
from cancer of the uterus was still ob-
served. For men, the overall risk of can-
cer mortality was lower than expected
(SMR, 0.92; 95% (1, 0.86-0.99). Based on
only 5 deaths, the risk of thyroid cancer
was elevated (SMR, 3.51; 95% CI, 1.13-
8.18), largely because of a 14-fold excess
(95% C1,2.35-33.72) during the first 4 years
of follow-up. Deficits of laryngeal (SMR,
0.29; 95% CI, 0.006-0.83) and prostate
(SMR, 0.73;95% CI,0.56-0.94) cancer mor-
tality were evident.

Patients With Graves Disease and
Toxic Nodular Goiter.—An increase in
overall cancer mortality was not associ-
ated with Graves disease (SMR, 1.02;
95% CI, 0.98-1.06), but was 16% higher
than expected among patients with toxic
nodular goiter (SMR, 1.16; 95% CI, 1.03-
1.30) (Table 4). Among Graves disease
patients, mortality from cancers of the
breast, kidney, and thyroid was el-
evated, but again the excess risks were
observed only during the first 4 years of
follow-up. Deaths from cancers of the
liver,larynx, uterus, and prostate as well
asmultiple myeloma were lower than ex-
pected. Among patients with toxicnodu-
lar goiter, excess deaths from lung,
breast, and thyroid malignancies were
observed and were seen 5 or more years
after study entry (SMR for lung cancer,
1.46 [95% CI, 1.01-2.06]; for breast can-
cer, 1.45[95% CI, 1.03-1.98]; and for thy-
roid cancer, 4.3 [95% CI, 1.16-11.01]).

B Treatment

Cancermortality relative totreatment
was evaluated excluding the first year of
follow-up (Table 5). Although almost
21000 people with over 385000 person-
years of follow-up were studied, the over-
all cancer risk for patients treated with
BIT was close to that expected using na-
tional cancer mortality rates (SMR, 1.02;
95% CI, 0.98-1.07). Mortality from thy-
roid cancer (SMR, 3.94;95% CI,2.52-5.86)
was raised, but mortality from cancers of
the uterus and prostate was below expec-
tation. Among the 8054 patients treated
with T only, findings were similar. To
ensure that the elevated thyroid cancer
mortality was not due to the 4 patients
who had thyroid cancer prior to entering
the study, we also analyzed the data ex-
cluding them. The SMR was still substan-
tially increased (SMR, 3.28).

Between 1and 5 years after follow-up,
significantly elevated SMRs (Table 6)
were observed for all cancer mortality
(SMR, 1.24; 95% CI, 1.10-1.40) and mor-
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Table 4.—Cancer Mortality Among US Hyperthyroid Patients by Thyroid Disease*
]

Graves Disease

Toxic Nodular Goiter

(n=30725)t (n =2694)t
Type of I Observed/ SMR I IObserved/ SMR I

Malignancy Expected (95% CI)t Expected (95% CI)t
All 2617/2574.70 1.02 298/257.19 1.16 (1.03-1.30)
Buccal cavity 48/43.36 1.11 2/3.86 0.52
Digestive tract 777/759.06 1.02 81/92.01 0.88

Esophagus 31/37.10 0.84 6/3.17 1.89

Stomach 117/116.26 1.01 19/15.97 1.19

Colorectal 411/377.40 1.09 34/46.25 0.74

Liver 51/67.39 0.76 (0.56-1.00) 8/9.29 0.86

Pancreas 149/137.03 1.09 12/14.69 0.82
Larynx 6/14.84 0.40 (0.15-0.88) 2/1.06 1.88
Lung 453/422.09 1.07 43/26.60 1.62 (1.17-2.18)
Breast 405/355.22 1.14 (1.03-1.26) 48/34.48 1.39 (1.03-1.85)
Uterus 98/154.76 0.63 (0.51-0.77) 19/17.65 1.08
Ovary§ 139/123.85 1.12 12/12.03 1.00
Prostate 51/74.77 0.68 (0.51-0.90) 9/6.74 1.34
Bladder 59/56.01 1.05 5/7.12 0.70
Kidney 61/45.46 1.34 (1.03-1.72) 3/4.38 0.68
Brain 49/48.80 1.00 6/3.13 1.92
Thyroid 19/9.12 2.08 (1.25-3.25) 8/1.23 6.53 (2.80-12.82)
CLL 26/22.84 1.14 5/3.02 1.66
Non-CLL 80/65.95 121 6/6.72 0.89
Lymphoma 86/93.28 0.92 10/8.96 1.12
Myeloma 25/38.53 0.65 (0.42-0.96) 5/3.47 1.44

. ______________________________________________________________________________________________________|]

*Data exclude British patients. SMR indicates standard mortality ratio; Cl, confidence interval; CLL indicates
chronic lymphatic leukemia and includes chronic and unspecified lymphocytic leukemia (/International Classification
of Diseases, Eighth Revision, codes 204.1, 204.9); non-CLL includes acute lymphocytic leukemia, all myeloid and
monocytic leukemia, and other and unspecified leukemia (/nternational Classification of Diseases, Eighth Revision,

codes 204.0, 205, 206, 207).

1The 329 patients whose disease type is unknown are excluded from the analyses. The number of person-years
for those with Graves disease is 669 231; and for toxic nodular goiter, 42 465.

FConfidence intervals are shown for SMRs significant at 5% level.

§Data include other and unspecified female genital cancer.

tality from colorectal cancer (SMR, 1.42;
95% CI,1.04-1.90). Deaths from lung can-
cer (SMR, 1.44; 95% CI, 1.13-1.81) and
non—chronic lymphatic leukemia (non-
CLL) (SMR, 1.88; 95% CI, 1.18-2.84)
were in excess within the first 9 years.
After 10 years of follow-up only thyroid
cancer mortality remained significantly
increased. There were no observed or
expected thyroid cancer deaths among
the 365 patients treated with *'I before
age 20 years.

Among patients with Graves disease
treated with I (Table 7), thyroid can-
cer mortality was increased (SMR, 2.84;
95% CI,1.62-4.61), but it was not signifi-
cantly elevated 5 or more years after fol-
low-up (SMR, 1.88; 95% CI, 0.86-3.57).
An excess of total cancer deaths (SMR,
1.31; CI, 1.07-1.58) and mortality from
cancers of the esophagus, uterus (par-
ticularly corpus uteri), and thyroid were
observed among toxic nodular goiter pa-
tients receiving *'I therapy (Table 7).
Mortality from cancers of the esophagus
(SMR, 5.26; CI, 1.42-13.5), corpus uteri
(SMR, 3.0; CI, 1.09-6.53), and thyroid
(SMR, 11.1; CI, 2.26-32.5) remained high
in patients with toxic nodular goiter
more than 5 years after study entry.

Significant relationships between the
number of 1 treatments and overall
cancer mortality (SMR, 1.00, 1.09, and

0.99 for 1, 24, and =5 treatments, re-
spectively) orindividual cancer sites, ex-
cept thyroid cancer, were not observed
(data not shown). Restricting the analy-
sis to either 5 years or 10 or more years
after study entry did not modify these
conclusions. The SMRs for thyroid can-
cer deaths increased with increasing
number of treatments during the study
period (2.74, 6.21, and 6.61 for 1, 2-4, and
=5 treatments, respectively), as well as
for the period beginning 10 years after
study entry (2.66,4.48,and 5.43 for 1,2-4,
and =5 treatments, respectively).
Table 7 provides some evidence of a
relationship between administered 'I
activity and total cancer mortality, as
well as mortality from lung and thyroid
cancer. However, at 10 or more years
after study entry, the relationship with
administered activity was less notable;
the SMRs for less than 7mCi, 7-15 mCi,
and 15 mCi or more administered activ-
ity were 0.90,1.03,and 1.06, respectively,
for all cancer mortality; 0.83, 1.03, and
1.21, respectively, for lung cancer mor-
tality; and 1.85, 4.11, and 1.59, respec-
tively, for thyroid cancer mortality (data
not shown). An evaluation of *T activity
by type of hyperthyroidism indicated
that thyroid cancer mortality increased
with increasing administered activity
for patients with Graves disease. Among
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Table 5.—Cancer Mortality Among US Hyperthyroid Patients by Treatment Group*
_____________________________________________________________________________________________________________|]

Treatment Group

Any lodine 131 lodine 131 Only Surgery With or Without Drugs Drugs Only
(n=20949)t (n =8054)t (n=10876)t (n=1177)t
Type of IObserved SMR I IObserved SMR I IObserved SMR I IObserved SMR I
Malignancy Mortality (95% Cl)F Mortality (95% Cl)F Mortality (95% Cl)f Mortality (95% CI)f
All 1742 1.02 659 1.04 1005 0.99 95 1.31 (1.06-1.60)
Buccal cavity 32 1.12 12 1.12 13 0.79 5 4.16 (1.34-9.72)
Digestive tract 537 1.05 207 1.09 286 0.95 26 1.19
Esophagus 25 1.00 11 1.15 10 0.74 1 0.99
Stomach 82 1.05 28 0.97 42 0.90 7 1.95
Colorectal 282 1.11 108 1.15 154 1.02 12 1.12
Liver 39 0.87 16 0.97 19 0.69 2 0.97
Pancreas 99 1.07 38 1.10 56 1.05 3 0.79
Larynx 4 0.41 2 0.54 3 0.56 0 0
Lung 295 1.06 96 0.91 182 1.17 (1.01-1.35) 10 0.94
Breast 248 1.10 90 1.08 172 1.17 (1.00-1.36) 18 1.69
Uterus 68 0.69 (0.54-0.88) 22 0.61 (0.38-0.93) 36 0.57 (0.40-0.79) 4 0.83
Ovary§ 86 1.09 31 1.07 54 1.06 5 1.37
Prostate 36 0.67 (0.47-0.93) 10 0.50 (0.24-0.91) 21 0.82 2 1.09
Bladder 42 1.08 14 0.97 17 0.78 2 1.30
Kidney 37 1.23 16 1.43 21 1.19 2 1.61
Brain 30 0.98 18 1.60 20 1.05 5 3.71(1.19-8.64)
Thyroid 24 3.94 (2.52-5.86) 11 4.91 (2.45-8.79) 4 1.07 0 0
CLL 19 1.23 6 1.05 12 1.30 0 0
Non-CLL 53 1.22 18 1.12 30 1.14 1 0.54
Lymphoma 52 0.85 26 1.16 39 1.06 4 1.53
Myeloma 21 0.81 10 1.02 7 0.48 (0.40-0.79) 2 1.95

. _________________________________________________________________________________________________________________________________________________|
*Data exclude British patients. SMR indicates standardized mortality ratio; CI confidence interval; CLL indicates chronic lymphatic leukemia and includes chronic and
unspecified lymphocytic leukemia (/nternational Classification of Diseases, Eighth Revision, codes 204.1, 204.9); non-CLL includes acute lymphocytic leukemia, all myeloid and
monocytic leukemia, and other and unspecified leukemia (/nternational Classification of Diseases, Eighth Revision, codes 204.0, 205, 206, 207).
1The number of person-years for any iodine 131 treatment is 385 468; for iodine 131 only, 141 543; for surgery with or without drugs, 275 963; and for drugs only, 21 415.
FConfidence intervals are shown for SMRs significant at 5% level.
§Data include other and unspecified female genital cancers.

patients with toxic nodular goiter, there
was no relationship with amount of ac-
tivity, but the number of cancers was
small and the CIs were wide.

The Poissonregression analyses of the
relationship between administered ac-
tivity and subsequent thyroid cancer
mortality, taking type of hyperthyroid-
ism into account, excluded patients
treated surgically (because their risk of
thyroid cancer is reduced by decreasing
the volume of tissue) and patients who
had cancer before study entry, leaving
16 thyroid cancer deaths (Table 8). The
RR in the highest administered activity
group was 2.3 (95% CI, 0.97-9.5), but the
exposure-response trend was not statis-
tically significant (P = .12). Similarly, the
excess RR point estimate result (excess
RR at 1 mCi =0.12) was positive, but not
significant. Five or more years after
study entry,norelationship was seen be-
tween administered activity and subse-
quent thyroid cancer mortality.

Norelationship betweenlevel of *'T ad-
ministered activity or estimated bone
marrow dose and CLL, non-CLL, Hodg-
kin disease, non—-Hodgkin lymphoma, or
multiple myeloma was demonstrated
(Table 9). Because the latency period for
radiation-induced non-CLL is short, we
also analyzed the non-CLL data for only
the first 10 years of follow-up, but again,

352 JAMA, July 22/29, 1998—Vol 280, No. 4

no association with estimated bone mar-
row dose was seen (P = .46). For multiple
myeloma, the RRs were increased in the
2 highest administrated activity and es-
timated bone marrow dose groups, but
the numbers were small and the dose-
response trend was not significant.

Surgical Treatment

Among the 10876 patients receiving
surgical treatment without **'1, the SMR
fortotal cancer mortality was 0.99 (Table
5). Excluding the first year of follow-up,
lung and breast cancer mortality was
significantly elevated among surgical
patients, but not thyroid cancer mortal-
ity (SMR, 1.07). A 50% reduction in mul-
tiple myelomamortality (SMR, 0.48;95%
CI, 0.19-0.99) was observed.

Antithyroid Drug Treatment

One year or more after study entry,
there was a significant increase in the
number of cancer deaths from all causes,
aswell as buccal and brain cancer among
patients treated with antithyroid drugs
(Table 5). Because patients treated with
antithyroid drugs had an especially high
rate of cancers diagnosed before study
entry, an SMR analysis excluding pa-
tients with cancers diagnosed prior to
study entry was performed. In this
analysis, only brain cancer deaths re-

mained elevated; however, excluding
patients with cancers prior to study en-
try will underestimate the SMR.

COMMENT

We evaluated cancer mortality follow-
ing 3 treatment modalities for hyperthy-
roidism. We put special emphasis on '
therapy because it is the treatment of
choiceinthe United States, and the role of
13T in carcinogenesis remains unclear. The
investigators of the first evaluation of the
Cooperative Thyrotoxicosis Therapy Fol-
low-up Study cohort reported no in-
creased risk of either leukemia or thyroid
cancer incidence among patients treated
with T compared with patients treated
by other methods.>¢1%!6 In contrast, Willi-
ams®® interpreted the thyroid data as
showing a slight excess of anaplastic thy-
roid cancer among the group treated with
BT which he hypothesized might be
caused by radiation-induced progression
from undetected differentiated carcino-
mas to undifferentiated carcinomas. Ad-
ditional follow-up of 2 subgroups of female
patients from the original cohort sug-
gested that there might be a slight in-
creased risk of cancers occurring in or-
gans known to concentrate P or of
breast cancer incidence.!

In the present follow-up, **'I treatment
did not result in a larger-than-expected
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number of deaths due to cancer when com-
pared with US age-, sex-, and calendar-
year—specific mortality rates. No excess
mortality was observed when cancer in
organs that concentrate ™! (salivary,
esophagus, stomach, colon, rectum, liver,
bladder, and kidney) were grouped to-
gether (SMR, 1.03). A detailed analysis of
hematopoieticmalignancies revealed that
neither **'I administered activity nor es-
timated bone marrow dose were associ-
ated with mortality from non-CLL. This
lack of positive results is not unexpected
because the mean doses to all organs, ex-
cept for the thyroid gland, which received
extremely large doses, were below 200
mGy. At such low doses the statistical
powertodetect effectsislimited. Because
the study population was almost entirely
adult, the results, however, cannot be gen-
eralized to childhood exposure.
Mortality studies are not well suited
for studying thyroid cancer. Nonethe-
less, we did observe a significantly in-
creased rate of thyroid cancer mortality
among men and women and among pa-
tients with toxic nodular goiter or
Graves disease. The elevated risk of thy-
roid cancer mortality was seen only for
patients treated with ®'I. Using either
an external (SMR analysis) or internal
(Poisson analysis) comparison, the risk
appeared to increase with increasing
amounts of I administered activity.
The trend was not significant more than
10 years after study entry, or in the
analysis using the internal comparison.
Several points should be noted in inter-
preting these results. The correlation be-
tween the amount of administered activ-
ity and thyroid radiation dose generally is
poor in patients with hyperthyroidism?;
patientsreceiving higher *!T activity gen-
erally had more severe disease and fre-
quently had relapses; patients dying from
thyroid cancer were more likely to have
had toxic nodular goiter than Graves dis-
ease (30% vs 8%); the major increase in
mortality was seen in the first 5 years af-
ter treatment; goiter, particularly nodu-
lar goiter, has been reported as a risk fac-
tor for thyroid cancer®-!; and some of the
patients with toxic nodular goiter may
have had anundiagnosed preexisting thy-
roid cancer when they entered the study.
If it is assumed that the observed ex-
cess of thyroid cancer is causal, the risk
would be smaller than the risks observed
following external radiation. Some of the
difference may be explained by '*'1
therapy-induced cell killing. Although thy-
roid doses could not be estimated di-
rectly, the aim of I treatment for hy-
perthyroidismis to destroy the thyroid.*
The effectiveness of *!T in killing thyroid
cells presumably reduces the likelihood of
malignant cell transformation. Another
explanation may be related to age at ex-
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Table 6.—Cancer Mortality Among US Hyperthyroid Patients Treated With lodine 131 by Latency*

Years Between Study Entry and Cancer Death

I
1-4 (n = 20 949)t

5-9 (n = 18 245)t =10 (n = 14997)t

Type of Observed SMR Observed SMR Observed SMR
Malignancy Mortality (95% CI)t Mortality (95% Cl)F Mortality (95% CI)t
All 258 1.24 (1.10-1.40) 278 1.05 1206 0.98
Buccal cavity 6 1.65 2 0.42 24 1.19
Digestive tract 83 1.21 83 0.97 371 1.04
Esophagus 0 0 5 1.31 20 1.09
Stomach 14 0.98 17 1.07 51 1.06
Colorectal 45 1.42 (1.04-1.90) 49 1.20 188 1.03
Liver 6 0.74 4 0.45 29 1.04
Pancreas 16 1.62 6 0.44 (0.16-0.96) 77 111
Larynx 1 0.82 0 0 3 0.43
Lung 31 1.49 (1.01-2.12) 44 1.41 (1.02-1.89) 220 0.97
Breast 39 1.26 36 0.93 173 111
Uterus 18 0.89 16 0.74 34 0.61 (0.42-0.85)
Ovary§ 8 0.75 18 1.35 60 1.09
Prostate 5 1.14 5 0.78 26 0.61 (0.40-0.89)
Bladder 6 1.30 2 0.33 34 1.21
Kidney 6 1.75 4 0.88 27 1.22
Brain 3 0.75 6 1.20 21 0.98
Thyroid 12 12.32 (6.38-21.61) 1 0.86 1 2.78 (1.38-4.97)
CLL 2 0.93 5 1.96 12 1.12
Non-CLL 8 1.61 14 2.10 (1.14-3.52) 31 0.98
Lymphoma 5 0.62 10 1.02 37 0.85
Myeloma 3 1.35 4 1.23 14 0.68

*Data exclude British patients. SMR indicates standardized mortality ratio; Cl, confidence interval; CLL indicates
chronic lymphatic leukemia and includes chronic and unspecified lymphocytic leukemia (/nternational Classification
of Diseases, Eighth Revision, codes 204.1, 204.9); non-CLL includes acute lymphocytic leukemia, all myeloid and
monocytic leukemia, and other and unspecified leukemia (/nternational Classification of Diseases, Eighth Revision,

codes 204.0, 205, 206, 207).

1TThe number of person-years for 1 to 4 years between study entry and cancer death is 78 372; for 5 to 9 years,

83190; and for 10 or more years, 223 906.

FConfidence intervals are shown for SMRs significant at 5% level.
§Data include other and unspecified female genital cancers.

posure. Since the risk of developing thy-
roid cancer after external irradiation de-
creases with increasing age at exposure,
with little risk demonstrated after age 20
years, data from this study of adults are
insufficient to allow relevant compari-
sons between I and external radiation.
To date, almost all human data on *'T are
from populations exposed as adults, 3%
whereas most data from external radia-
tion exposure to the thyroid are from in-
dividuals treated during childhood.*® Fi-
nally, some patients treated with *'I in this
study had full or partial thyroidectomies
later, which might have lowered the risk
of subsequent thyroid cancer by remov-
ing radiation-damaged tissue.
Compared with our study, the pa-
tients in a Swedish mortality series’
were slightly older, had 4 fewer years of
follow-up, and had a higher percentage
of patients with toxic nodular goiter and
consequently a larger mean total **'T ad-
ministered activity. The SMR for total
cancer mortality was close to expected
inboth studies and, with the exception of
thyroid cancer, the SMRs for other can-
cers were between 0.8 and 1.3. Although
the increased risk of digestive tract and
respiratory cancer mortality reached
significance in the Swedish study, the
risks were only 10% and 30% higher than

Cancer Mortality Following Treatment for Hyperthyroidism—Ron et al

expected, respectively. In our study, we
did observe an increased risk of respira-
tory cancer mortality among patients
with toxic nodular goiter treated with
BT, Differences between the 2 studies
easily could be caused by the higher pro-
portion of Swedish patients with toxic
nodular goiter or due to chance.

This study is unique because of its large
size and its inclusion of patients not treated
with 31, In the present follow-up, small
but significant increases in breast, lung,
and kidney cancer mortality were ob-
served in the entire cohort of hyperthy-
roid patients compared with the general
population. Smoking, lifestyle, and repro-
ductive histories were not known, and
these factors could confound the results.
Because much of the elevated mortality
occurred during the first few years of fol-
low-up, underlying disease may be re-
sponsible for some of the excess. Al-
though the group of patients treated with
antithyroid drugs was small, the ob-
served cancer mortality for several sites
(total cancer, buccal, stomach, breast, and
brain) was higher than expected com-
pared with national rates. Analyses ex-
cluding patients with previous cancers
suggested that some, but not all, of the ex-
cess could be attributed to the selection
of patients for drug therapy. Patients
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Table 7.—Cancer Mortality Among lodine 131-Treated US Hyperthyroid Patients by Type of Hyperthyroidism and lodine 131 Administered Activity*
|
Type of Hyperthyroidism

I
Graves Disease
(n=19625)t%

Toxic Nodular [
Goiter (n = 1089)T%

1 Administered Activity (mCi)

<7 (n = 8085)t

7-14 (n = 9062)t =15 (n = 3802)t

Type of Observed SMR Observed SMR Observed SMR Observed SMR Observed SMR
Malignancy Mortality (95% CI)§ Mortality (95% CI)§ Mortality (95% CI)§ Mortality (95% CI)§ Mortality (95% CI)§
All 1615 1.01 104 1.31 (1.07-1.58) 637 0.94 763 1.04 342 1.18 (1.06-1.31)

Buccal cavity 30 1.10 1 0.85 14 1.23 15 1.21 3 0.61
Digestive tract 501 1.05 30 1.07 211 1.07 216 0.98 110 1.18

Esophagus 21 0.88 4.06 (1.10-10.45) 9 0.91 9 0.83 7 1.62
Stomach 75 1.04 6 1.28 28 0.97 38 1.12 16 1.05
Colorectal 265 1.12 13 0.92 114 1.15 114 1.04 54 1.18
Liver 36 0.87 2 0.73 16 0.95 14 0.72 9 1.05
Pancreas 95 1.09 0.87 40 1.09 37 0.93 22 1.37
Larynx 4 0.42 0 0 0 0 4 0.93 0 0
Lung 281 1.05 11 1.29 108 0.94 129 1.08 58 1.33(1.01-1.72)
Breast 229 1.08 13 1.20 85 0.92 120 1.25 (1.04-1.49) 43 1.18
Uterus 57 0.62 (0.47-0.81) 11 2.05 (1.02-3.67) 14 0.36 (0.20-0.61) 31 0.73 23 1.34
Ovary| 81 1.09 4 1.06 32 0.98 39 1.16 15 1.19
Prostate 34 0.67 (0.46-0.93) 2 1.00 14 0.69 14 0.60 8 0.81
Bladder 41 1.14 1 0.46 15 1.02 16 0.95 11 151
Kidney 35 1.23 1 0.74 16 1.33 19 1.46 2 0.39
Brain 27 0.92 3 3.05 13 1.01 12 0.92 5 1.09
Thyroid 16 2.84 (1.62-4.61) 7 18.88 (7.58-38.98) 7 3.01 (1.20-6.19) 9 3.42 (1.56-6.50) 8 7.05 (3.05-13.95)
CLL 19 1.33 0 0 8 1.36 8 1.20 3 1.04
Non-CLL 50 1.22 2 0.96 25 1.44 18 0.96 10 1.35
Lymphoma 49 0.85 2 0.72 17 0.69 24 0.92 11 1.08
Myeloma 18 0.73 2 1.76 6 0.57 11 0.99 4 0.94

*Data exclude British patients. SMR indictes standardized mortality ratio; Cl, confidence interval; CLL indicates chronic lymphatic leukemia and includes chronic and unspecified
lymphocytic leukemia (International Classification of Diseases, Eighth Revision, codes 204.1, 204.9); non-CLL includes acute lymphocytic leukemia, all myeloid and monocytic
leukemia, and other and unspecified leukemia (International Classification of Diseases, Eighth Revision, codes 204.0, 205, 206, 207).

1The number of person-years for those with Graves disease is 368 934; for those with toxic nodular goiter, 13 088; for less than 7 years of administered activity, 160 563;
for 7 to 14 years, 165 666; and for 15 or more years, 59 239.

fDisease type is unknown for 253 patients.

§Confidence intervals are shown for SMRs significant at 5% level.
|Data include other and unspecified female genital cancer.

Table 8.—Thyroid Cancer Mortality Among lodine 131-Treated Patients by Administered Activity*

Thyroid Cancer Deaths

Thyroid Cancer Deaths
=5 Years After Study Entry

Administered [

Activity, mCi PYR Deaths RR PYR Deaths RR
<7 146 494 4 1.00t 112832 3 1.00t
7-14 145700 6 1.24 109679 6 1.67
=15 52786 6 2.28 38162 1 0.57
P value for trend 12 >5
Excess RR at 1 mCi 0.12 0.009

*Data include 18 633 patients from the United States and England who did not undergo partial or full thyroidectomy
and who did not have a cancer prior to study entry. PYR indicates person-years of follow-up; RR, relative risk.

tReference category.

treated with drugs mainly received thio-
urea derivatives, iodine compounds, or a
combination of the 2, but sometimes re-
ceived various other drugs. The type,
quantity, and dates of drug use generally
were not available from the medical charts
and could not be taken into consideration
in the analysis. Because the quality of the
drug data in this study is clearly limited,
long-term effects of antithyroid drugs
need to be evaluated further.

Although the study has several
strengths, it also has limitations. First,
thyroid doses could not be estimated and
exposure response was based on ™I ad-
ministered activity. Second, mortality is
not the ideal study end point. Causes of
death, as listed on death certificates, fre-
quently are inaccurate and rarely men-
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tion the histological type of cancer. In ad-
dition, information on cancers with high
survival rates such as thyroid and breast
is limited. Third, about 20 cancer sites
were evaluated by latency, type ofhyper-
thyroidism, treatment group, and for pa-
tients treated with **'I, amount of admin-
istered activity. By conducting multiple
comparisons, the probability of incor-
rectly rejecting a null hypothesis in-
creases and suggests cautious interpre-
tation of these data. On the other hand,
the small number of patients and deaths
in many of the subgroup analyses and the
low radiation doses to most organs, other
than the thyroid, limit the power to de-
tect significant risks. Finally, patients are
selected for a specific treatment based on
their medical condition. For example, pa-

tients undergoing surgery were less
likely to have had a previous cancer (ex-
cept of the thyroid) than patients treated
with drugs or 1. Thus, comparing risks
related to treatment is problematic.

In summary, in a large series of hyper-
thyroid patients followed up for nearly a
lifetime, cancer mortality was not signifi-
cantly elevated. High-dose therapeutic
BT administration, the most frequent
treatment, also was not linked to an ex-
cess of total cancer mortality. Although a
small number of thyroid cancer deaths
might be attributed to *'I therapy, over-
all, it appears to be a safe therapy.
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Table 9.—Mortality From Hematopoietic Malignancies Among Hyperthyroid Patients by lodine 131 Dose Groups*

Leukemiat Lymphomat
[ 1 [ 1 Multiple
CLL Non-CLL Hodgkin Non-Hodgkin Myeloma
Administered [ 1 [ 1 [ 1 [ 1 [ 1
Activity PYR Deaths RR Deaths RR Deaths RR Deaths RR Deaths RR
Administered iodine 131
activity, mCi
0 321698 12 1.00 31 1.00 6 1.00 31 1.00 8 1.00
>0-6 177360 0.61 25 1.19 3 0.77 15 0.66 4 0.81
7-14 176279 0.44 17 0.76 1 0.17 20 0.89 12 2.23
=15 63494 3 0.83 10 1.12 2 1.36 8 0.95 4 1.73
P value for trend >5 >5 >5 >5 3
Excess RR at 1 mCi -0.008 0.001 -0.008 —-0.003 0.038
Bone marrow dose, cGy
0 313021 12 1.00 31 1.00 6 1.00 31 1.00 8 1.00
>0-4.9 331955 8 0.50 38 0.92 4 0.56 34 0.80 16 1.69
=5 90279 3 0.63 13 111 1.00 9 0.79 4 1.36
P value for trend >5 >5 >5 >5 3
Excess RR at 1 cGy -0.01 -0.01 -0.01 0.006 0.11

_______________________________________________________________________________________________________________|]
*CLL indicates chronic lymphocytic leukemia; PYR, person-years of follow-up; and RR, relative risk.
tData include patients from England, but exclude patients with cancers diagnosed before study entry.
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