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ABSTRACT

A retrospective follow-up study of 7338 women with either nontoxic
nodular goiter, thyroid adenoma, hyperthyroidism, hypothyroidism,
Hashimoto's thyroiditis, or no thyroid disease was conducted. All women

patients at the Massachusetts General Hospital Thyroid Clinic who were
seen between 1925 and 1974 and who were treated for a minimum of 1
year were traced. A total of 2231 women (30.4%) were dead and 2012
women (27.4%) were alive as of December 31, 1978. Partial follow-up
information was available for the remaining 3095 women (42.2%). The
average length of follow-up was 15.2 years. When losses to follow-up
were withdrawn at the time of their loss, the standardized mortality ratios
(SMR) for all causes of death were 1.2 |95% confidence interval (CI),
1.1-1.3) for women with nontoxic nodular goiter, 1.2 (95% CI 1.0-1.3)
for those with thyroid adenoma, 1.4 (95% CI 1.3-1.5) for women with
hyperthyroidism, 1.5 (95% CI 1.3-1.7) for hypothyroid women, 1.2 (95%
CI 0.9-1.5) for those with Hashimoto's thyroiditis, and 1.5 (95% CI 1.4-

1.6) for those without thyroid disease. For deaths from all cancers, the
standardized mortality ratios were 1.5 (95% CI 1.2-1.8) for women with
nontoxic nodular goiter, 1.5 (95% CI 1.1-1.9) for those with thyroid
adenoma, 1.2 (95% CI 1.0-1.4) for women with hyperthyroidism, 1.0
(95% CI 0.7-1.4) for the hypothyroid women, 1.2 (95% CI 0.7-2.1) for
those with Hashimoto's thyroiditis, and 1.3 (95% CI 1.0-1.5) for those

women without thyroid disease. When specific cancer sites were studied,
excess numbers of deaths were observed from breast cancer in women
with nontoxic nodular goiter (SMR = 1.6, 95% CI 1.0-2.6) and from
lymphatic and hematopoietic cancer in women with nontoxic nodular
goiter (SMR = 2.4, 95% CI I.2-4.3) and thyroid adenoma (SMR = 2.7,
95% CI 1.I-5.2). An increase in thyroid cancer risk was observed in
women with thyroid adenoma (SMR = 11.7, 95% CI I.3-42.1) but was
based on only two deaths. In hyperthyroid women, statistically significant
increases in the number of deaths were observed from pancreatic cancer
(SMR = 2.6, 95% CI 1.4-4.3) and respiratory cancer (SMR = 2.2, 95%
CI 1.3-3.5), but not breast cancer (SMR = 1.3, 95% CI 0.8-1.8). When
the data were stratified by the time between the onset of thyroid symp
toms and death, a nonsignificant excess number of cancer deaths was
observed in hyperthyroid women who died 20 or more years after their
symptoms began. The standardized mortality ratio for deaths from breast
cancer was 1.1 (95% CI 0.5-2.3) for all hypothyroid women and 1.0
(95% CI 0.4-2.1) for hypothyroid women with a history of thyroid
replacement hormone use.

INTRODUCTION

For the last 30 years investigators have been interested in
what relationship, if any, there is between thyroid diseases and
their treatments and the development of cancer, especially
breast cancer. In the 1950s, clinical investigators reported that,
while breast cancer seldom occurred in hyperthyroid women, it
seemed to occur more frequently than expected in hypothyroid
women (1, 2). More recently, Itoh and Maruchi (3) suggested
that Japanese women with Hashimoto's thyroiditis had an

increased incidence of breast cancer, but no increase was noted
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in a study of American women (4). A mechanism for a causal
relationship between the two diseases is not established, al
though thyroid hormones are known to influence the breast
either directly or through effects on thyroid-stimulating hor
mone, prolactin, estrogens, or androgens. Researchers sug
gested that a deficit of thyroid hormone altered the hormonal
milieu in a way that permitted the growth of malignant cells (1,
5, 6). It is just as reasonable to hypothesize, however, that an
excess of thyroid hormone may promote tumor growth. A
number of biochemical and clinical studies have been con
ducted, but no consensus has been reached as to the role of
thyroid hormones in the initiation or promotion of cancer.

In addition, two thyroid treatments have been associated with
an increased risk of cancer, "'I therapy for hyperthyroidism

and thyroid supplements for hypothyroidism. Since 1946, when
I3II was introduced, there has been concern that the radiation

may cause cancer. While there have been case reports of leu
kemia (7-9), thyroid (10-12), breast ( 13), and colon cancer ( 14)
after '"I treatment, epidemiologie studies have not found large

increases in cancer incidence or mortality among thyroid pa
tients treated with "'I. MuÃ±ozÃ©tal.(15) found a slightly higher

than expected incidence of cancer in hyperthyroid patients who
had received radioactive iodine therapy. Hoffman et al. (16), in
a continuation of the United States Public Health Service
Cooperative Thyrotoxicosis Therapy Follow-up Study (Mayo
Clinic Center), reported no difference between radioactive io
dine-treated patients and surgically treated patients for total
cancer incidence, breast cancer, or leukemia. An elevated rate
ratio (rate ratio = 1.8, 95% CI' 1.1-3.2) was observed for

cancers of the salivary glands, digestive tract, kidney, and
bladder; these organs are known to concentrate radioactive
iodine. Goldman et al. (17) found that women who were treated
with '"I at the Massachusetts General Hospital between 1946

and 1964 had a standardized rate ratio for developing breast
cancer of 1.9 (95% CI 0.9-4.1), compared with those never
treated with I3II. The standardized rate ratios were 0.7 for

deaths due to cancer and 1.0 for incident cases of cancer.
After treatment for hyperthyroidism, a majority of patients

develop iatrogenic hypothyroidism and may require treatment
with thyroid supplements. In 1976, Kapdi and Wolfe (18)
reported that women who were seen at a mammography screen
ing clinic and who used thyroid supplements were at high risk
of developing breast cancer. The likelihood that selection bias
occurred in the design of this study prompted the American
Thyroid Association to urge the National Cancer Institute to
support further research on the role of thyroid diseases and
their treatments in the etiology of cancer, particularly breast
cancer (19).

In 1978, we began a retrospective follow-up study to measure
mortality in women with thyroid disease who were diagnosed
at the Massachusetts General Hospital Thyroid Clinic between
1925 and 1974. This paper presents the cancer mortality results
for women with nontoxic nodular goiter, thyroid adenoma,
hyperthyroidism, hypothyroidism, or Hashimoto's thyroiditis.

For comparison, a group of women who were referred to the

' The abbreviations used are: CI, confidence interval; MGH, Massachusetts

General Hospital: SMR. standardized mortality ratio.
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CANCER MORTALITY AFTER THYROID DISEASE

Thyroid Clinic for examination but who were found not to have
thyroid disease were also included.

SUBJECTS AND METHODS

Population

The study population was 7338 women with nontoxic nodular goiter,
thyroid adenoma, hyperthyroidism, hypothyroidism, Hashimoto's thy-

roiditis, or no thyroid disease who were first seen at the MGH Thyroid
Clinic between January 1, 1925, and December 31, 1974; who were
Massachusetts residents; and who were followed by the Hospital for at
least 1 year. These women were identified from a roster of all patients
that has been kept since the Clinic opened in 1920.

Diagnosis Confirmation and Medical Record Review

The diagnosis of thyroid disease was confirmed by a review of the
MGH medical record. Patients who were referred for a thyroid workup
but who were found not to have thyroid disease are included in the "no
thyroid disease" category. The patients were categorized according to

their first thyroid diagnosis at MGH. This means that women are
included in the "hyperthyroidism" category if they were diagnosed as

hyperthyroid, even if they later developed iatrogenic hypothyroidism.
Patients identified as "hypothyroid" are those with idiopathic hypothy

roidism. For each patient, a medical history that included information
on the date of onset of thyroid symptoms, the type of thyroid treatment,
the date of diagnosis and type of cancer (if any), smoking history, and
reproductive history was abstracted. The patient's vital status, date she

was last seen at MGH, her date of death if deceased, and other pertinent
follow-up information were also recorded.

Follow-up Procedures

Ascertainment of Deaths. For all women, a search of the Massachu
setts death certificates was conducted. Deaths reported in the MGH
medical record were confirmed upon location of the death certificates.
The underlying cause of death was coded according to the Eighth
Revision of the International Classification of Diseases (20). Twenty
decedents whose death certificates were unavailable were assumed to
have died of unknown cause on the date of death reported in the
medical record.

Tracing Procedures. Because of the time involved in locating women
who were last seen many years ago, live follow-up tracing was restricted
to the 3592 women who were not known to be dead and whose last
visit to MGH was more recent than 1960. These women were traced
using the Massachusetts Residents Lists, the Registry of Motor Vehi
cles drivers' license records, birth and marriage records, and telephone

books. For the 1988 women who were last seen at MGH before 1961
and for whom no death certificate could be found, live follow-up tracing
was limited to the information recorded in the medical record.

Losses to Follow-up. Women who could not be confirmed alive as of
December 31, 1978, and for whom no death certificate could be found,
were considered lost on the date they were last reported to be alive. To
be eligible for this study, a woman must have been followed by MGH
for at least 1 year after her thyroid diagnosis. This restriction eliminated
the least stable group of women, i.e., those most likely to be located
only if they died. Many of these women had been seen in the Clinic
just once and would be lost to follow-up unless a death certificate was
found.

In addition to the entry restriction, we tested several withdrawal
assumptions for the women who were lost to follow-up prior to the
closing date of the study. Four different assumptions were used: As
sumption 1, women were withdrawn at their date of loss. This gave the
minimum number of woman-years of follow-up and the lowest expected
number of deaths; Assumption 2, women were assumed to be alive until
the common closing date. This gave the maximum number of woman-
years and the highest expected number of deaths; Assumption 3, women
were withdrawn either when they reached 80 years of age or at the
common closing date, whichever came first; Assumption 4, women
were withdrawn either at age 90 years or at the common closing date,

whichever came first. Since very few women reached age 80 or 90 prior
to the closing date. Assumptions 3 and 4 had little effect. Assuming
the losses to be alive until the closing date inflated the number of
woman-years. The most reasonable estimates were obtained when the
losses were withdrawn at their date of loss.

Definition of Period of Observation. Woman-years of follow-up were
accrued starting from the first anniversary of the date of diagnosis of
thyroid disease at MGH. The observation period ended at the common
closing date of the study (December 31, 1978), at the date a woman
was last known to be alive, or at her date of death, whichever occurred
first. Women who were lost to follow-up were withdrawn at their date
of loss.

Statistical Analysis

Observed numbers of deaths were compared with those that were
expected based on race-, sex-, age-, calendar time-, and cause-specific
mortality rates using the USDR computer program (21). This program
calculated the number of woman-years of follow-up and the number of
deaths that would be expected based on United States or on Massachu
setts death rates for white women. The number of deaths observed in
the study population was compared with the expected number generated
by the program.

The expected numbers were calculated by allocating the woman-
years of observation of the thyroid patients to 5-year age and calendar
time categories and multiplying by the corresponding death rates. The
results were summed over all ages and years to obtain the total expected
numbers. Ratios of observed to expected numbers of deaths were
expressed as standardized mortality ratios. Confidence intervals were
calculated under the assumption that the observed numbers of deaths
were distributed as Poisson variables (22).

RESULTS

The number of women, number of woman-years of follow-
up, and vital status of the population as of December 31, 1978,
by thyroid diagnosis, is presented in Table 1. The 7338 women
were observed for 111,654.6 woman-years, an average length
of 15.2 years. A total of 57.8% of the women were located
through December 31, 1978. Of these, 2231 women (30.4%)
were dead and 2012 (27.4%) were alive. The 3095 women
(42.2%) who could not be confirmed alive as of December 31,
1978, and for whom no death certificate could be found, were
considered lost on the date they were last known to be alive.
Among the losses, a minimum of 10 years of follow-up was
recorded for 40.8% and a minimum of 15 years of follow-up
for 26.7% of the women.

To evaluate the uncertainty presented by the women who
were lost to follow-up, we compared the hyperthyroid women
in the present study (Mortality Study) to a second, similar
population for whom follow-up was virtually complete (Thy-
rotoxicosis Therapy Study). We had recently studied 1762
hyperthyroid women who were treated at the MGH Thyroid
Unit between January 1, 1946, and December 31, 1964 (17).
These women were part of the US Public Health Service Co
operative Thyrotoxicosis Therapy Follow-up Study (23, 24). A
death certificate was located or telephone contact was made
with 92% of the 1762 women. For the remaining 8%, a mini
mum of 10 years of follow-up was recorded for 44%. They were
observed for 30,324.3 woman-years, an average length of fol
low-up of 17.2 years. There were 734 women who were also in
the Mortality Study.

We compared the results for hyperthyroid women in both
studies (Table 2). Women who were lost to follow-up were
withdrawn at their date of loss. The standardized mortality
ratios were both 1.4 for deaths from circulatory diseases, the
most common cause of death, and 0.9 and 1.1 for deaths from
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Table 1 Number of women, number of woman-years, average age al entry into the study, average year of entry; and vital status, by thyroid diagnosis

ThyroiddiagnosisNontoxic

nodulargoiterThyroid
adenomaHypcrthyroidismHypothyroidismHashimoto's

thyroiditisNo

thyroid diseaseNo.

of
women1.2349282.3007103181.8487,338No.

of
woman-yr17,313.414.459.737,171.310.049.13.691.028.970.1111.654.6Av.

age at
entry(yr)46.640.143.446.844.639.9Av.

yr of
entry1953.01950.11951.31951.91962.11949.7Vital

status(%)Alive23.327.533.726.245.619.727.4Dead30.523.934.335.418.928.830.4Lost46.248.632.038.535.551.542.2

Table 2 Observed numbers of deaths, SMR,Â°and 95% CI, by cause of death and study, for hyperthyroid women diagnosed between 1946 and I96411

Thyrotoxicosis TherapyStudyCause

of death(ICD-8r)All

causesAll
cancers (140-209)Breast

cancer(174)Circulatory
system diseases(390-458)No.

ofwomenAv.
age at entry(yr)Av.
yr ofentryNo.
of woman-yrObserved5608324359SMR1.30.91.31.41.76246.41957.230.324.395%

CI1.2-1.40.7-1.10.8-1.91.3-1.6Observed3405212209Mortality

StudySMR1.41.11.21.499146.11955.916,375.695%

CI1.3-1.60.8-1.40.6-2.21.3-1.7

Â°Observed/expected; expected numbers were based on age- and calendar time-specific mortality rales for United States white women.
* Women who were followed for at least 1 year at MGH Thyroid Unit between 1946 and 1964; those lost to follow-up were withdrawn at their date of loss. Fifty-

four women in the Thyrotoxicosis Therapy Study and 30 women in the Mortality Study with cancer diagnosed prior to 1946 were excluded.
c ICD-8, International Classification of Diseases. Eighth Revision (20).

all cancers. The similarity of the standardized mortality ratios
indicated to us that withdrawing the losses at their date of loss
for the analysis of the Mortality Study data was reasonable.

The observed numbers of deaths and standardized mortality
ratios for deaths from all causes, all cancers, and selected cancer
sites for each thyroid diagnosis are presented in Table 3.

Nontoxic Nodular Goiter

For the 1234 women with nontoxic nodular goiter, the stand
ardized mortality ratio for deaths from all causes was 1.2 (95%
CI 1.1-1.3). There were significantly more deaths from cancer
(SMR = 1.5) than were expected. Increased numbers of deaths
were observed from cancers of the respiratory system (SMR =
2.3) and lymphatic and hematopoietic tissues (SMR = 2.4). A
SMR of 1.6 was observed for deaths from breast cancer.

Among the 277 women (22.5%) who reported that they were
current or former smokers, 66 deaths from all causes were
observed while 45.0 were expected (SMR = 1.5, 95% CI 1.1-
1.9). A SMR of 1.2 (95% Cl 1.0-1.3) was observed for those
with no mention of smoking in their medical record. Among
the smokers, a significant increase in the number of deaths
from cancer (21 observed/10.0 expected, SMR = 2.1, 95% CI
1.3-3.2) was observed. The standardized mortality ratio for
cancer deaths among nonsmokers was 1.3 (95% CI 1.0-1.7).
When specific cancer sites were looked at among the smokers,
the standardized mortality ratio was 16.1 for buccal cavity and
pharyngeal cancer deaths (2 observed/0.1 expected, 95% CI
1.8-58.1), 6.2 for respiratory cancer deaths (5 observed/0.8
expected, 95% CI 2.0-14.5), 2.4 for breast cancer deaths (5
observed/2.1 expected, 95% CI 0.8-5.7), and 3.7 (3 observed/
0.8 expected, 95% CI 0.7-10.7) for lymphatic and hemato
poietic cancer deaths.

Thyroid Adenoma

The standardized mortality ratio for deaths from all causes
for the 928 women with thyroid adenoma was 1.2 (95% CI 1.0-
1.3). A significant increase in the number of deaths due to
cancer (SMR = 1.5) was observed. There were also more deaths
than expected from cancers of the large intestine (SMR = 2.0),
respiratory system (SMR = 3.2), thyroid (SMR = 11.7), and

lymphatic and hematopoietic tissues (SMR = 2.7).
Among the 231 women (24.9%) who were current or former

smokers, 39 deaths from all causes were observed (27.3 ex
pected, SMR = 1.4, 95% CI 1.0-2.0). There were 16 observed
cancer deaths while 7.6 were expected (SMR = 2.1, 95% CI
1.2-3.4). The standardized mortality ratio for cancers of the
respiratory system was 5.6 (4 observed deaths/0.7 expected,
95% CI 1.5-14.3) in smokers and 2.3(5 observed/2.1 expected,
95% CI 0.8-5.5) in nonsmokers.

Hyperthyroidism

For the 2300 women with hyperthyroidism, the standardized
mortality ratio was 1.4 for all causes of death and 1.2 for all
cancers. Twenty-seven deaths from breast cancer were observed
while 21.6 were expected (SMR = 1.3). Excess numbers of
deaths were observed from pancreatic cancer (SMR = 2.6) and
respiratory cancer (SMR = 2.2). Fifteen of the 17 respiratory
cancer deaths were from lung cancer (SMR = 2.0).

For the 681 women (29.6%) who reported that they were
current or former smokers, significant increases in the number
of deaths were observed for deaths from all causes (SMR = 1.6,
95% CI 1.4-1.9) and from cancer (SMR = 1.5, 95% CI 1.1-
2.1). The standardized mortality ratio was 1.8 (95% CI 0.2-
6.4) for pancreatic cancer deaths, 2.6 (95% CI 1.0-5.8) for
respiratory cancer deaths, and 1.9 (95% CI 0.9-3.4) for breast
cancer deaths.

Treatment with Radioactive Iodine. Among the 873 women
who were treated with radioactive iodine between 1946 and
1975, the standardized mortality ratios were 1.4 (95% CI 1.2-
1.6) for all causes of death, 1.5 (95% CI 1.3-1.7) for all
circulatory disease deaths, and 1.1 (95% CI 0.8-1.4) for all
cancer deaths. The standardized mortality ratio was 2.2 (95%
CI 0.7-5.2) for pancreatic cancer deaths, 1.7 (95% CI 0.6-3.8)
for respiratory cancer deaths, and 1.7 (95% CI 0.9-2.8) for
breast cancer deaths.

Thyroid Replacement Hormone Use. latrogenic hypothyroid-
Â¡smmay occur 10 years or more after treatment for hyperthy
roidism, due to the ablative nature of the therapy. There were
1050 women (45.7%) with an initial diagnosis of hyperthyroid
ism who later reported treatment with thyroid replacement
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hormone. For these women, the standardized mortality ratios
were 1.2(95% CI 1.0-1.3) for all causes of death and 1.1 (95%
CI 0.9-1.4) for all cancer deaths. For specific cancer sites, the
standardized mortality ratios were 2.2 (95% CI 0.8-4.8) for
stomach cancer, 2.3 (95% CI 0.9-5.1) for pancreatic cancer,
1.2 (95% CI 0.4-2.8) for respiratory cancer, and 1.4 (95% CI
0.8-2.3) for breast cancer deaths.

Time since Onset of Thyroid Symptoms. For the hyperthyroid
women, the largest thyroid diagnosis group, the standardized
mortality ratios and observed numbers of deaths for all causes
of death were stratified by the length of time between the onset
of thyroid symptoms and death (Table 4). The standardized
mortality ratio for all causes of death increased from 1.2 for
those with an interval of less than 10 years between onset and
death to 1.8 for those women who died 40 years or more after
the onset of their thyroid symptoms. A small increase in the
number of cancer deaths was observed in women who died 20
years or more after their symptoms began. There were more
deaths than expected from pancreatic, respiratory, and breast
cancer. For pancreatic and respiratory cancer deaths, the excess
appeared to increase with increasing time between the onset of
thyroid symptoms and death.

Hypothyroidism

The standardized mortality ratio for deaths from all causes
for the 710 women with idiopathic hyperthyroidism was 1.5
(95% CI 1.3-1.7). Thirty-two deaths from cancer were observed
while 33.6 were expected (SMR = 1.0). Seven of these were
breast cancer deaths (6.3 expected, SMR = 1.1).

Hashimoto's Thyroiditis

The standardized mortality ratio for deaths from all causes
for the 318 women with Hashimoto's thyroiditis was 1.2 (95%

CI 0.9-1.5). Thirteen cancer deaths were observed while 10.6
were expected (SMR = 1.2). An excess number of deaths due
to stomach cancer (SMR = 5.8) was observed but was based on
only three deaths.

No Thyroid Disease

There were 1848 women who were examined in the Thyroid
Clinic but found not to have thyroid disease. For these women,
the standardized mortality ratio for deaths due to all causes was
1.5 (95% CI 1.4-1.6). Excess numbers of deaths due to liver
(SMR = 2.5) and lymphatic and hematopoietic (SMR = 2.4)
cancers were observed. Elevated numbers of deaths due to
respiratory cancer (5 observed deaths/1 expected, SMR = 4.9,
95% CI 1.6-11.3) and liver cancer (4 observed deaths/0.3
expected, SMR = 13.0, 95% CI 3.5-33.2) occurred in the 413
women in this category who reported that they smoked.

Thyroid Supplements and Breast Cancer Risk

Among the 5038 women with a diagnosis of nontoxic nodular
goiter, thyroid adenoma, idiopathic hypothyroidism, Hashi
moto's thyroiditis, or no thyroid disease, 2113 women (41.9%)

reported the use of thyroid replacement hormone. The stand
ardized mortality ratio for breast cancer was 1.5 (25 observed/
17 expected deaths, 95% CI 1.0-2.2) among hormone users
and 1.2 (31 observed/25.4 expected deaths, 95% CI 0.8-1.7)
for the 2925 nonusers. The excess number of breast cancer
deaths occurred in the 479 women with nontoxic nodular goiter
(38.8% of the 1234 women with nontoxic nodular goiter) who
were treated with thyroid replacement hormone. The SMR for
breast cancer for these women was 2.8 (11 observed/3.9 ex-
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pected deaths, 95% CI 1.4-5.1) compared to 1.0 (7 observed/
7.3 expected deaths, 95% CI 0.4-2.0) for women with nontoxic
nodular goiter who were not treated with thyroid replacement
hormone. For the 1634 women with diagnoses other than
nontoxic nodular goiter who used thyroid supplements, the
SMR for breast cancer was 1.1 (95% CI 0.6-1.8). A total of
684 of the 710 women (96.3%) with a diagnosis of idiopathic
hypothyroidism reported use of thyroid supplements. In these
women the SMR for breast cancer was 1.0 (6 observed/6.2
expected deaths, 95% CI 0.4-2.1).

DISCUSSION

A number of studies have been conducted (1-18, 23, 24), but-
any role for thyroid diseases, or their treatments, in the etiology
of cancer remains unclear. In this paper, we present the results
of our investigation into the relationship between benign thy
roid disease and subsequent death from cancer in women pa
tients seen at the MGH Thyroid Clinic between 1925 and 1974.
A standardized mortality ratio for all causes of death of 1.2 or
greater was observed in each category of thyroid disease studied.
Statistically significant increases in the risk of death from all
cancers were observed in women with nontoxic nodular goiter,
thyroid adenoma, hyperthyroidism, and no thyroid disease.

While the 7338 women were observed for a reasonably long
time, an average of 15.2 years, a limitation of this study is the
large number of women who were lost to follow-up. To quantify
the uncertainty presented by the losses, we constructed six
analysis categories based on various entry criteria and with
drawal assumptions and calculated a range of values for each
standardized mortality ratio. When we restricted the study
population to women with at least 1 year of follow-up at MGH
and withdrew the losses at their date of loss, our results were
very similar to those of the Thyrotoxicosis Therapy Study,
which had a location rate of 92%. The presence of bias due to
loss to follow-up cannot be ruled out, but the similarity of the
results of the two studies indicates that bias is not a likely
explanation for the results that we observed.

Vena et al. (25) have recently published a thoughtful analysis
and discussion of the issues involved in assessing and quanti
fying the presence of loss to follow-up bias. They point out that
if subjects who are lost to follow-up are treated as alive until
the close of the study, mortality will be underestimated since
all of the observed deaths have not been identified and the
expected numbers are maximized. Treating the losses as lost
on the date of last contact provides an unbiased estimate of the
mortality among those whose vital status is known.

A few comments about the clinical interpretation of the
thyroid diagnoses are in order. This study spans 50 years in the
history of the MGH Thyroid Clinic. The medical procedures
and laboratory tests that were available to aid in diagnosis
underwent many changes over that time. We have categorized
the patients as the examining physicians did, since these labels
reflect the treatment practices in use at the time of diagnosis.
By doing so we also maintain consistency between diagnoses,
at any given time period, and minimize the introduction of
misclassification. Clinicians today will realize that it is likely
that a subset of the women who were diagnosed as hypothyroid
would be diagnosed as having Hashimoto's thyroiditis today.

Similarly, some of the women with nontoxic nodular goiter
would currently be diagnosed as having Hashimoto's thyroidi

tis.
With regard to breast cancer, 30% increases in the number

of breast cancer deaths were observed in women with thyroid

adenoma and hyperthyroidism, but the confidence intervals
included unity. No increase in breast cancer risk was observed
in hyperthyroid women who were treated with '-"I.

We analyzed the data separately for patients with nontoxic
nodular goiter, thyroid adenoma, idiopathic hypothyroidism,
Hashimoto's thyroiditis, or no thyroid disease whose medical

record reported that they used thyroid supplements. In addition,
we studied the women with an initial diagnosis of hyperthyroid
ism who developed iatrogenic hypothyroidism due to the abla
tive nature of their treatment. Iatrogenic hypothyroidism is a
common occurrence 10 years or more after treatment for hy
perthyroidism and may occur earlier in radioactive iodine-
treated individuals than in patients treated by surgery or drugs.

Forty-six percent of the women who were initially diagnosed
as hyperthyroid and 96% of the women with idiopathic hypo
thyroidism reported the use of supplements, but no increase in
breast cancer risk was noted in these women. The only group
with a significant increase in the number of breast cancer deaths
were the nontoxic nodular goiter patients who reported using
thyroid supplements. This finding was unanticipated and re
quires replication in an independent dataset.

Kapdi and Wolfe (18) first suggested that either hypothyroid
ism or the use of thyroid replacement hormone increased a
woman's breast cancer risk. They interviewed 5505 women who

were referred to a mammography screening clinic and con
cluded that women who were receiving thyroid supplements
were 60% more likely to develop breast cancer than those who
never used thyroid supplements (age-adjusted rate ratio = 1.6,
95% CI 1.2-2.1). Referral for mammography was likely to have
been selective in this population, however. The high proportion
of breast cancer cases among the women screened (6.9%) sug
gests that these women sought a mammogram because they
were motivated by health concerns. In addition, the proportion
of thyroid hormone users among subjects without breast cancer
was 10.9% indicating that users were taking the medicine for
purposes other than hypothyroidism, which is a relatively un
common condition. The use of thyroid supplements in the
absence of hypothyroidism reflects a preoccupation with health
that may have influenced the likelihood of referral to the
mammography clinic.

Our essentially negative results are consistent with those of
two recent studies. In 1980, Shapiro et al. (26) reported the
rate of thyroid hormone use in 679 breast cancer patients
compared with that in 1765 patients hospitalized for other
diseases and found no evidence of an association between the
diagnosis of breast cancer and use of thyroid supplements (rate
ratio = 1.0, 95% CI 0.7-1.3). Similarly, Hoffman et al. (27)
reported that, 1 year or more after a diagnosis of hypothyroid
ism, 47 cases of breast cancer were observed in 1665 women
while 52.9 cases were expected (standardized incidence ratio =
0.9, 95% CI 0.6-1.2).

Several studies have reported an increased risk of myelopro-
liferative and lymphoproliferative cancers in patients with
chronic thyroiditis (28-30). We observed a >2-fold increase in
risk of death from these cancers in women with nontoxic
nodular goiter, thyroid adenoma, and no thyroid disease, but
no increase in the women with Hashimoto's thyroiditis. Ap

proximately one-half of the deaths observed in these categories
were due to leukemia and the remainder were due to Hodgkin's

disease and other lymphomas.
An excess number of pancreatic cancer deaths among women

with hyperthyroidism appeared among those with 20 years or
more between the onset of thyroid symptoms and death. Since
diabetes is known to be a risk factor for pancreatic cancer and
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to occur more frequently than expected among patients with
Graves' disease, a possible connection between the etiologies of
the two autoimmune diseases, Graves' disease and diabetes,

and pancreatic cancer is intriguing. In 1982, Haines et al. (31)
reported in a case-control study of pancreatic cancer that 3 of
60 female cases but only 1 of 120 control women had a history
of hyperthyroidism.

A significant increase in the number of deaths from all
cancers was observed in the women who were seen in the Clinic
but who did not have thyroid disease. Risks were more than
doubled for deaths from liver cancer and lymphatic and hema-
topoietic cancers. These results suggest that these women were
ill and had been referred to the Thyroid Clinic for evaluation
but were, in fact, suffering from nonthyroid diseases.

In summary, women with the thyroid diagnoses included in
this study were not at an increased risk of death from breast
cancer with the exception of those with nontoxic nodular goiter
who used thyroid supplements. A significant increase in the
number of deaths from lymphatic and hematopoietic cancers
was observed in women with nontoxic nodular goiter and
thyroid adenoma. Statistically significant excess numbers of
deaths due to pancreatic and respiratory cancers were observed
in hyperthyroid women. The excess of pancreatic cancer deaths
first appeared 20 years after the onset of thyroid symptoms and
was present at the end of 40 years or more of observation.
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