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IMPORTANCE Radioactive iodine (RAI) has been used extensively to treat hyperthyroidism

since the 1940s. Although widely considered a safe and effective therapy, RAI has been

associated with elevated risks of total and site-specific cancer death among patients with

hypothyroidism.

OBJECTIVE To determine whether greater organ- or tissue-absorbed doses from RAI

treatment are associated with overall and site-specific cancer mortality in patients with

hyperthyroidism.

DESIGN, SETTING, AND PARTICIPANTS This cohort study is a 24-year extension of the

multicenter Cooperative Thyrotoxicosis Therapy Follow-up Study, which has followed up

US and UK patients diagnosed and treated for hyperthyroidism for nearly 7 decades,

beginning in 1946. Patients were traced using records from the National Death Index,

Social Security Administration, and other resources. After exclusions, 18 805 patients who

were treated with RAI and had no history of cancer at the time of the first treatment were

eligible for the current analysis. Excess relative risks (ERRs) per 100-mGy dose to the organ

or tissue were calculated using multivariable-adjusted linear dose-responsemodels and were

converted to relative risks (RR = 1 + ERR). The current analyses were conducted from April 28,

2017, to January 30, 2019.

EXPOSURES Mean total administered activity of sodium iodide I 131 was 375MBq for patients

with Graves disease and 653MBq for patients with toxic nodular goiter. Mean organ or tissue

dose estimates ranged from 20 to 99mGy (colon or rectum, ovary, uterus, prostate, bladder,

and brain/central nervous system), to 100 to 400mGy (pancreas, kidney, liver, stomach,

female breast, lung, oral mucosa, andmarrow), to 1.6 Gy (esophagus), and to 130 Gy (thyroid

gland).

MAIN OUTCOMES ANDMEASURES Site-specific and all solid-cancermortality.

RESULTS A total of 18 805 patients were included in the study cohort, and themean (SD)

entry age was 49 (14) years. Most patients were women (14 671 [78.0%]), andmost had a

Graves disease diagnosis (17 615 [93.7%]). Statistically significant positive associations were

observed for all solid cancer mortality (n = 1984; RR at 100-mGy dose to the stomach = 1.06;

95% CI, 1.02-1.10; P = .002), including female breast cancer (n = 291; RR at 100-mGy dose to

the breast = 1.12; 95% CI, 1.003-1.32; P = .04) and all other solid cancers combined (n = 1693;

RR at 100-mGy dose to the stomach = 1.05; 95% CI, 1.01-1.10; P = .01). The 100-mGy dose to

the stomach and breast corresponded to amean (SD) administered activity of 243 (35) MBq

and 266 (58) MBq in patients with Graves disease. For every 1000 patients with

hyperthyroidism receiving typical doses to the stomach (150 to 250mGy), an estimated

lifetime excess of 19 (95% CI, 3-40) to 32 (95% CI, 5-66) solid cancer deaths could occur.

CONCLUSIONS AND RELEVANCE In RAI-treated patients with hyperthyroidism, greater

organ-absorbed doses appeared to bemodestly positively associated with risk of death

from solid cancer, including breast cancer. Additional studies are needed of the risks and

advantages of all major treatment options available to patients with hyperthyroidism.

JAMA Intern Med. 2019;179(8):1034-1042. doi:10.1001/jamainternmed.2019.0981

Published online July 1, 2019.

Supplemental content

Author Affiliations:Author

affiliations are listed at the end of this

article.

Corresponding Author: Cari M.

Kitahara, PhD, Radiation

Epidemiology Branch, Division of

Cancer Epidemiology and Genetics,

National Cancer Institute, National

Institutes of Health, 9609Medical

Center Dr, Rm 7E-536, Bethesda, MD

20892 (kitaharac@mail.nih.gov).

Research

JAMA InternalMedicine | Original Investigation

1034 (Reprinted) jamainternalmedicine.com

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2019.0981&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.0981
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2019.0981&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.0981
mailto:kitaharac@mail.nih.gov
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.0981


I
n the United States, the prevalence of hyperthyroidism is

1.2% (0.5%overt and0.7%subclinical), andmost cases are

due toGravesdisease.1Radioactive iodine (RAI; sodium io-

dide I 131, or Na131I) has been extensively used to treat hyper-

thyroidism since the 1940s and has been the preferred first-

line treatment by US physicians for uncomplicated Graves

disease.2,3 However, in recent decades, preference for RAI

therapy as a primary treatment for Graves disease has de-

clined in favor of antithyroid drugs, likely reflecting the in-

creased awareness of an association between RAI and wors-

eningofGravesophthalmopathyaswell asconcernsabout risks

of radiation-inducedcancer,whereaspreference for initial sur-

gical treatment has remained low.3,4

Postsurgical RAI ablation therapy for differentiated thy-

roid cancer (eg, >100 mCi) has been associated with an in-

creasedriskof secondarymalignantneoplasms, includingbone

andsoft-tissuesarcomas, salivaryglandanddigestive tractcan-

cers, and leukemia.5-9However, relatively few cohort studies

have evaluated cancer risk after RAI for hyperthyroidism,

which involvesmuch lower administered activities (typically

10-15mCi),1 and findings have been inconsistent.2,10-14 In pre-

vious studies, the amount of administered activity was used

as a surrogate measure of radiation exposure2,10-13; however,

radiation absorption varies by organ and can vary substan-

tially across patients for a given administered dose. To date,

risksof specific cancershavenotbeenpreciselyquantifiedwith

well-substantiatedestimatesofabsorbeddose to individualor-

gans,which account for administered activity alongwith ana-

tomic and physiologic patient characteristics associatedwith

these effects.

The largest andmost comprehensive study todate on this

topic used data from Cooperative Thyrotoxicosis Therapy

Follow-up Study, which had a cohort of more than 35000

patientswithhyperthyroidism(65%ofwhomweretreatedwith

RAI) enrolled between 1946 and 1964 in theUnited States and

UnitedKingdomandwithmortality follow-up through 1990.2

In that study, total andsite-specific cancermortality rateswere

not foundtobeelevated inRAI-treatedpatientscomparedwith

thegeneralpopulation.Although thyroidcancermortalitywas

elevated 4-fold in RAI-treated patients, this risk did not ap-

pear to be associated with radiation exposure from the treat-

ment, given that greater administeredactivity, usedas aproxy

measure for absorbed dose to the thyroid, was not associated

with thyroid cancermortality after accounting for a 5-year la-

tency period. Greater estimated red bone marrow–absorbed

doseswerenot associatedwithdeath fromhematopoietic and

lymphoproliferativemalignantneoplasms.Absorbeddoses to

other organs and tissueswere calculated according to simplis-

tic dosimetry assumptions butwere not evaluated in relation

to site-specific cancer death. On the basis of those findings,

thoseauthors concluded thatRAIappeared tobeasafe therapy

for hyperthyroidism.2

Wehave since extended the follow-up of the Cooperative

Thyrotoxicosis Therapy Follow-up Study by 24 years (maxi-

mum 68 years) and, we now use improved individual esti-

mates of absorbed organ doses of I 131, as described in a pre-

vious publication.15 The objective of the current studywas to

evaluate the radiation dose-response relationships for site-

specific cancer death among the RAI-treated patients with

hyperthyroidism in the cohort.

Methods

Study Population

Themortality follow-upof the cohort is approved annually by

the Institutional Review Board of the National Cancer Insti-

tute.Because themortality follow-up isbasedon linkageswith

available databases and involves no direct contactwith study

participants, the requirement for informedconsentwaswaived

by the Institutional Review Board of the National Cancer

Institute. The current analyseswere conducted fromApril 28,

2017, to January 30, 2019.

The Cooperative Thyrotoxicosis Therapy Follow-up Study

includedallpatientswithahyperthyroidismdiagnosisbetween

1946 and 1964 at 25 USmedical centers and 1 UK hospital.16,17

Comprehensiveclinicaldatawereabstracted frommedical rec-

ords.Patientswere initially followedupthroughJune30, 1968.

Theywere asked to return to the clinic at 2-year intervals for a

physical examination, briefhistory, andadditional bloodstud-

ies.Follow-up informationwasobtained fromthe treatingphy-

sicians ormedical records, if available, or directly from the pa-

tientsviamailedquestionnaires. In1984, investigators fromthe

NationalCancer Instituteof theNational InstitutesofHealth re-

assembled the cohort data fromprinted computer listings,mi-

crofiche,microfilmcassettes,andhandwrittendocumentsmain-

tained at the collaborating medical centers.2 The records for

35630 patients were compiled at 4 regional centers (Harvard

University, Boston, Massachusetts; Memorial Sloan-Kettering

CancerCenter,NewYork,NewYork;UniversityofSouthernCali-

fornia, Los Angeles; and Research Triangle Institute; Research

Triangle Park, North Carolina). Patients were traced using rec-

ords fromtheNationalDeath Index,SocialSecurityAdministra-

tion, andother resources, andcopies ofdeath certificateswere

obtainedandcodedby trainednosologists.After excludingdu-

plicatesandincompleterecords,thefinaldataset included35593

patients, of whom 28719 had complete mortality follow-up

through1990.Mortality follow-upcontinuedfor theUSpatients

Key Points

Question Is radioactive iodine absorbed dose associated with

overall and site-specific cancer mortality in patients with

hyperthyroidism?

Finding In this cohort study of 18 805 patients with

hyperthyroidism treated with radioactive iodine, a statistically

significant positive dose-response relationship for risk of death

was observed for all solid cancers (6% increase in risk per

100-mGy dose to the stomach), breast cancer (12% increase in risk

per 100-mGy dose to the breast), and all solid cancers excluding

breast (5% increase in risk per 100-mGy dose to the stomach).

Meaning This study’s findings suggest a modest positive

association between greater organ-absorbed doses of radioactive

iodine and risk of solid cancer death; additional studies are needed

to fully weigh the risks and advantages of radioactive iodine and

other treatment options for patients with hyperthyroidism.
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by linking with various tracing resources, including the Social

Security Administration records to determine vital status and

NationalDeath IndexPlusrecords to identifycausesofdeathfor

decedents throughDecember 31, 2014.

We further excluded those with no follow-up informa-

tion,missing entry or exit dates, or exit dates that occurredon

or before study entry (the first patient visit to a participating

study clinic during the study enrollment period), resulting in

31 332 patients treated with RAI, surgical procedure, antithy-

roiddrugs, or a combinationof these options. Fromthe 19 558

remainingpatientswho receivedRAI therapy, aloneor in com-

binationwithother treatments,weexcludedanadditional 753

patients with a cancer diagnosis before study entry. After the

exclusions, 18805 patients were eligible for the analysis.

Dose Estimation

A comprehensive dose assessmentwas conducted to estimate

organ-ortissue-absorbeddosesforcohortmemberswhoreceived

RAI therapy (described indetail in apreviouspublication).15 In

brief, an iodinemathematical biokineticmodelwasdeveloped

andcalibratedusingdata fromakineticallywell-characterized

group of 197 patients with hyperthyroidism who had thyroid,

blood, and urinemeasurements of I 131. Themodel estimates,

alongwith individualpatientdata,were thenapplied to the full

cohort of RAI-treated patientswith hyperthyroidismandused

tocalculate thenumbersof I 131disintegrations in thesourceor-

gansandtissues (regionswith increased I 131avidity). Iodine131

photonandelectronspectra fromtheInternationalCommission

onRadiologicalProtection18wereusedtocomputetheSvalues19

(mean absorbed dose in a target region per unit disintegration

of I 131 inasourceregion)ontheadult referencevoxelphantoms

adopted by the International Commission on Radiological

Protection20 for all important combinations of source and tar-

get regions.Absorbeddose to26 targetorgansand tissueswere

calculated using new S value estimates19 for each patient and

numbersofdisintegrations inthesourceorgansderivedfromthe

biokinetic model (from both diagnostic tests and therapeutic

treatments).

Statistical Analysis

Forthecurrentanalyses,person-yearsatriskforeachpatientwere

computed from 5 years after the date of the last RAI treatment

(if a typical latencyperiodwereassumedbetweenradiationex-

posureandsolidcanceroccurrence)until thedateofdeath,date

last known to be alive for patients lost to follow-up, or end of

follow-up(December31,2014).Dose-responseanalyseswerecon-

ductedamongthepatientsreceivingRAItreatmentbyfittingmul-

tivariable linearexcessrelativerisk(ERR)modelstodiseaserates.

Todirectlycompare thestrengthof theradiationdose-response

relationship across the specific causes of cancer death,we cal-

culatedtheERRsper 100mGyabsorbeddoseto thetargetorgan

or tissuefor thatcancersite (withstomachdoseasawhole-body

dosesurrogate)andcomputed95%likelihood-basedCIsaround

these estimates. Thesemodels have the following form:

background(a, s, b, x)[1+βd*f(y)],

in which the rate is a function of age(a), sex(s), birth cohort

(b), other risk factors(x), anddose(d), and f(y) describes the ef-

fects ofmodifying factors (eg, attainedage). Background rates

includedsex-dependent functionsofattainedageandbirthco-

hort (continuous), with further adjustment for the following

potential confounders, chosen a priori: Graves disease diag-

nosis (yesorno), additional surgical procedure (yesorno), and

additional antithyroid drug treatment (yes or no).

Relative risks (RRs) at 100 mGy were calculated by add-

ing 1 to these estimates (RR = 1 + ERR). Baseline clinical im-

pression (eg,mild,moderate, severe hyperthyroidism, or un-

known), as recorded by physicians in each center, was not

retained in the finalmodels because inclusionof this termdid

not statistically significantly improve the model fit or affect

the estimates. Beginning follow-up 2 years, as opposed to 5

years, after the last treatment did not change the results for

non–solid cancermortality (leukemia excluding chronic lym-

phocytic leukemia and non-Hodgkin lymphoma). Stratified

person-year computations and risk estimations were per-

formed using Epicure, version 2.00.02 (Risk Sciences

International).21Two-sidedhypothesis tests and95%CIswere

based on likelihood ratio tests, with a significance threshold

of P = .05.

These riskestimates, alongwithbaselineage-specific total

and cause-specific death rates obtained from the 2014 Sur-

veillance,Epidemiology,andEndResultsmortalitydata,22were

used to estimate the number of future cancer deaths esti-

mated to be attributed to radiation exposure on the basis of a

hypothetical populationofpatientswho received the sameor-

ganor tissuedoseat thesameage (eg,40years) and in thesame

calendar year (eg, 2014). For this analysis, we used the risk of

exposure-induced deathmethod, which is the sum of the ex-

pectednumberof exposure-associateddeathsat eachage, tak-

ing into account competing risks.23 Estimates of the number

of future cancer deaths were given per 1000 patients.

Results

Of the 18805patients in the study cohort, 14671 (78.0%)were

women and 17615 (93.7%) had Graves disease (Table 1). The

mean (SD) age at entry was 49 (14) years.

The treatment combination of RAI and antithyroid drugs

was themost common (8675 [46.1%]), followed by RAI alone

(7182 [38.2%]); RAI, surgical procedure, and drugs (2254

[12.0%]); and RAI and surgical procedure (694 [3.7%]). By

number of RAI treatments, 12 387 patients (65.9%) received

1 treatment, 3629 (19.3%) received 2 treatments, 1317 (7.0%)

received 3 treatments, and 1471 (7.8%) received more than

3 treatments. Mean (SD) total administered activity (includ-

ingdiagnostic and therapeutic activity)was375MBq(10.1mCi)

for patients with Graves disease (median [interquartile range

(IQR)], 269 [187-419] MBq) and 653 MBq (17.6 mCi) for pa-

tientswith toxic nodular goiter (median [IQR], 488 [301-792]

MBq).

The highest mean estimated absorbed doses were to the

thyroid (130 Gy) (to convert gray to rad, multiply by 100),

followed by the esophagus (1.6 Gy); liver, oral mucosa, lung,

stomach, red bone marrow, female breast, pancreas, kidney

(100-400mGy);anduterus,brain,bladder,ovary,prostate,and

Research Original Investigation Association of Radioactive Iodine Treatment DoseWith Cancer Mortality in Patients With Hyperthyroidism

1036 JAMA Internal Medicine August 2019 Volume 179, Number 8 (Reprinted) jamainternalmedicine.com

Downloaded From: https://jamanetwork.com/ on 08/27/2022

http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.0981


colonor rectum(20-99mGy). Factors associatedwith total ad-

ministered activity includednumber ofRAI treatments, older

ageat entry, clinical impressionofdisease severity, toxicnodu-

lar goiter diagnosis, previousweight loss, history of heart dis-

ease and diabetes, and additional treatment with both surgi-

cal procedure and antithyroid drugs (Table 2).

During follow-up (mean of 26 years; maximum of 68

years), 15 484 deaths (82.3%)were recorded.Malignancywas

the primary cause for 2366 deaths (15.3%). After excluding

deaths in the first 5 years after the last RAI treatment, posi-

tive dose-response relationships were observed formortality

frommost of the individual solid cancers evaluated (Table 3),

with statistically significant associations observed for female

breast cancer (n = 291;RRat 100-mGydose to thebreast = 1.12;

95% CI, 1.003-1.32; P = .04) and all other solid cancers com-

bined (RRat 100-mGydose to thestomach = 1.05;95%CI, 1.01-

1.10; P = .01). For all solid cancer mortality (n = 1984), the RR

at 100-mGy dose to the stomach was 1.06 (95% CI, 1.02-1.10;

P = .002). The 100-mGydose to the stomach corresponded to

amean (SD) administered activity of 243 (35)MBq in patients

with Graves disease (median [IQR], 234 [223-263] MBq),

whereas the 100-mGy dose to the breast corresponded to a

mean(SD)administeredactivityof266(58)MBq(median[IQR],

260 [224-297]MBq). TheRR for thyroid cancermortalitywas

evaluatedat 100Gy thyroid-absorbeddose, a typicalhighdose

receivedby the thyroid gland; however, thevariability around

this estimatewaswideandbasedononly 15deaths (RR = 1.20;

95%CI, <1.00 to 610). Because these estimateswere based on

linear dose-responsemodels, risks associatedwith higher (or

lower) doses can be directly estimated from these models.

Thedose-response relationships for all solid cancer, breast

cancer, and all solid cancer (excluding breast) did not change

after restricting topatients receiving a singleRAI treatment or

RAI-only treatment (nosurgicalprocedureorantithyroiddrugs)

(eTable 1 in the Supplement) or after excluding patients with

toxic nodular goiter. The shapes of the dose-response rela-

tionships were consistent with linearity (Figure). The RRs for

all solid cancermortality (but not for breast cancer or all other

solid cancer) decreased with increasing attained age. We ob-

served no evidence of a dose-response relationship for mor-

tality from leukemia, excluding chronic lymphocytic leuke-

mia (59 deaths; RR at 100mGy = 0.97; 95%CI, <0.96 to 1.26),

non-Hodgkin lymphoma (70 deaths; RR at 100 mGy = 1.07;

95%CI, <0.96 to 1.54), ormultiplemyeloma (30deaths; RR at

100 mGy = 1.69; 95% CI, <0.97 to >6.0) (Table 3). We esti-

mated that 8% of the solid cancer deaths, including 14% of

breast cancer and 7% of all other solid cancer deaths, during

follow-up were attributed to radiation in these patients.

Combining these RR estimates with current USmortality

rates, we estimated that 13 (95% CI, 2-27) excess solid cancer

deaths, including3breast cancerdeaths (95%CI,0.1-7),would

occur forevery1000patients (80%women), receiving100mGy

absorbeddose to the stomachorbreast at age40years. For ev-

ery 1000 patients currently treated at age 50 years, we esti-

matedanexcessof 12 (95%CI, 2-26) radiation-associated solid

cancerdeaths, including 3breast cancerdeaths (95%CI,0.1-7)

(eTable2 in theSupplement).Of theexcess solidcancerdeaths,

only 8% in the age 40years group and 25% in the age 50 years

group would be expected to occur in the first 20 years after

treatment.Becausehigheradministeredactivitiesarenowcur-

rently recommended for the treatmentofpatientswithGraves

disease (370-555 MBq),1 we also calculated excess solid can-

cer deaths at 150-mGy, 200-mGy, and 250-mGy dose to the

stomach, which would be more typical of current treatment

Table 1. Selected Characteristics of the Study Population

Characteristic Participants, No. (%)

Total 18 805 (100)

Age at study entry, y

<30 1733 (9.2)

30-39 3055 (16.2)

40-49 4816 (25.6)

≥50 9201 (48.9)

Sex

Male 4134 (22.0)

Female 14 671 (78.0)

Hyperthyroidism diagnosis

Graves disease 17 615 (93.7)

Toxic nodular goiter 934 (5.0)

Unknown 256 (1.4)

Treatment combination

RAI only 7182 (38.2)

RAI and surgical procedure 694 (3.7)

RAI and drugs 8675 (46.1)

RAI, surgical procedure, and drugs 2254 (12.0)

Vital status

Alive or lost to follow-up 3321 (17.7)

Deceased 15 484 (82.3)

Study site

Mount Sinai Hospital (New York, NY) 3042 (16.2)

Mayo Clinic (Rochester, MN) 1907 (10.1)

Massachusetts General (Boston, MA) 1726 (9.2)

Sheffield Hospital (Sheffield, UK) 1378 (7.3)

Columbia Presbyterian Hospital (New York, NY) 1190 (6.3)

Cedars Sinai Medical Center (Los Angeles, CA) 1093 (5.8)

Los Angeles County Hospitals (Los Angeles, CA) 1065 (5.7)

University of Michigan (Ann Arbor, MI) 978 (5.2)

University of Maryland (Baltimore, MD) 899 (4.8)

University of California (San Francisco, CA) 747 (4.0)

Beth Israel Hospital (Boston, MA) 678 (3.6)

University Hospitals of Cleveland (Cleveland, OH) 630 (3.4)

New York Hospital-Cornell (New York, NY) 612 (3.3)

Lahey Clinic (Boston, MA) 589 (3.1)

Montefiore Med Center (New York, NY) 560 (3.0)

White Memorial Hospital (Los Angeles, CA) 518 (2.8)

University of Cincinnati (Cincinnati, OH) 492 (2.6)

Memorial Sloan-Kettering (New York, NY) 283 (1.5)

Cleveland Metropolitan General Hospital
(Cleveland, OH)

198 (1.1)

Strong Memorial Hospital (Rochester, NY) 125 (0.7)

St Louis University (St Louis, MO) 52 (0.3)

Ochsner Clinic (New Orleans, LA) 43 (0.2)

Abbreviation: RAI, radioactive iodine.
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practices (eTable 2 in the Supplement). At these dose levels,

wewouldexpect between 19and32excess solid cancerdeaths

per 1000 patients treated at age 40 years and between 18 and

31 excess solid cancer deaths per 1000 patients treated at age

50 years.

Discussion

Using data from the world’s largest cohort, to date, of RAI-

treatedpatientswithhyperthyroidism,we investigated theas-

sociation between organ- or tissue-absorbed dose and site-

specific cancer death. Toour knowledge, this is the first study

to characterize the dose-response relationship between RAI

treatment and site-specific cancer mortality in patients with

hyperthyroidismusing reliable estimates of absorbed dose to

exposed organs or tissues. We observed that the RR of death

from solid cancer, including breast cancer and all other solid

cancers combined, increased with greater doses to organs or

tissues.Weestimated thatRAI treatmentcould result ina small

long-term increase in the expected number of solid cancer

deathsassociatedwith radiationexposureamongpatientswith

hyperthyroidism.

Smaller previously studiedEuropeancohorts showedevi-

dence of an increased risk of total and/or site-specific cancers

followingRAI treatment, including cancers inorgans that took

up radioiodine or were exposed along the I 131 distribution

pathways (eg, salivary and digestive organs).2,10-14 However,

results from these earlier studieswere inconsistent, and it re-

mains unclear, particularly in studies relying on an external

(eg, general population) comparison group,24 whether those

findings represent consequences fromthe treatmentor theun-

derlyingdisease,25,26or if theywerebiasedowing toconfound-

ing.Confoundingby indication,whichoccurswhenthereasons

Table 2. Baseline Demographic and Clinical Characteristics of Patients

With Hyperthyroidism TreatedWith Radioactive Iodine

Baseline Characteristics

Tertile of Total Administered Activity, MBq

1 (n = 6296) 2 (n = 6248) 3 (n = 6261)

Total administered activity, mean (SD), MBqa 160 (45) 289 (46) 724 (500)

No. of RAI treatments, mean (SD) 1.3 (1.2) 1.4 (0.9) 2.4 (1.9)

Dose, mGy

Stomach 65 (20) 120 (25) 320 (240)

Breastb 60 (21) 110 (29) 280 (210)

Thyroid 65 000 (31 000) 110 000 (41 000) 210 000 (160 000)

Study entry age, mean (SD), y 47 (13) 49 (14) 52 (14)

Sex, No. (%)

Male 1288 (20.5) 1383 (22.1) 1463 (23.4)

Female 5008 (79.5) 4865 (77.9) 4798 (76.6)

Clinical impression, No. (%)

Suspect 111 (1.8) 96 (1.5) 72 (1.2)

Mild 1758 (27.9) 1649 (26.4) 1567 (25.0)

Moderate 2564 (40.7) 2605 (41.7) 2639 (42.2)

Severe 439 (7.0) 596 (9.5) 857 (13.7)

Unknown 1424 (22.6) 1301 (20.8) 1126 (18.0)

Type of hyperthyroidism, No. (%)

Graves disease 6127 (97.3) 5967 (95.5) 5521 (88.2)

Toxic nodular goiter 115 (1.8) 207 (3.3) 612 (9.8)

Intermediate status 54 (0.9) 74 (1.2) 128 (2.0)

Weight loss prior to surgical procedure, No. (%) 4165 (66.2) 3995 (63.9) 3911 (62.5)

Amount of weight loss prior to surgical procedure,
mean (SD), lb

19 (13) 21 (14) 23 (16)

Medical history (prior to surgical procedure), No. (%)

Coronary heart disease 257 (4.1) 442 (7.1) 654 (10.5)

Hypertensive heart disease 364 (5.8) 564 (9.0) 720 (11.5)

Rheumatic heart disease 137 (2.2) 191 (3.1) 222 (3.6)

Other heart disease 274 (4.4) 398 (6.4) 718 (11.5)

Diabetes 238 (3.8) 303 (4.9) 433 (6.9)

Treatment combinations, No. (%)

RAI only 2589 (41.1) 2597 (41.6) 1996 (31.9)

RAI and surgical procedure 278 (4.4) 225 (3.6) 191 (3.1)

RAI and drugs 798 (12.5) 726 (11.6) 739 (11.8)

RAI, surgical procedure, and drugs 2640 (41.9) 2700 (43.2) 3335 (53.3)

Abbreviations: MBq, megabecquerel;

RAI, radioactive iodine.

SI conversion factors: To convert

pounds to kg, multiply by 0.45.

a Includes diagnostic and therapeutic

doses.

bWomen only.
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for choosing a specific treatment option are associated with

the outcome under study,27,28 is of particular concern in ob-

servational studies that compare cancer or other disease risks

by treatment type, which was the main approach used in the

previousanalysisof this cohort.2Byfocusing thepresentanaly-

sis onpatients treatedwithRAI,wewere able tominimize this

bias.

To our knowledge, this study is the first to provide direct

evidence of an association between internal exposure from

I 131 and breast cancer risk. A similar study of a small cohort

ofRAI-treatedpatientswithhyperthyroidism inFinland found

an elevated risk for breast cancer; however, the dose-

response relationship was not evaluated in that study.11 Eco-

logical data from the Chernobyl radiation accident in Russia

previously suggested suchanassociation,with a2-foldhigher

breast cancer risk in the most (vs least) contaminated dis-

tricts starting approximately 10years after the accident.29The

dose-response estimate for breast cancer mortality in the

present study (RR at 100mGy = 1.12; 95% CI, 1.003-1.32) was

consistent with similar estimates from other populations ex-

posed to ionizing radiation in adulthood, including the Life

SpanStudyof atomicbombsurvivors in Japan (RRat 100mGy

at age 30 years with attained age of 70 years = 1.09; 95% CI,

1.06-1.13)30; theUSRadiologic Technologists Study (RRat 100

mGy = 1.07; 95% CI, 0.99-1.19)31; and smaller environmen-

tally, occupationally, andmedically exposedpopulations.32-34

This consistency lends credibility to the estimated doses and

findings reported in this study.

Despite the high thyroid doses received (mean, 130 Gy),

wefoundnoevidenceofadose-response relationshipwith thy-

roid cancer death. Previous studies have found that children

undergoing high-dose radiotherapy for a first primary cancer

wereat an increased riskofdeveloping secondary thyroid can-

cer, but the riskwas attenuated at higher doses (>30 Gy), pre-

sumably because of cell killing.35 Whether malignant trans-

formation of residual thyroid cells is possible at the higher

thyroiddoses receivedbypatientswithhyperthyroidism,who

are generally exposed in adulthoodwhen the thyroid gland is

less susceptible to radiation exposure, remains unclear. The

ability toevaluatedose-response relationships for cancers that

Table 3. Relative Risks and 95%CIs for Cancer-Specific Mortality Among PatientsWith Hyperthyroidism TreatedWith Radioactive Iodine

Cause of Cancer Deatha

Absorbed Dose, mGy Dose-Response Relationship

Cause-Specific Cancer
Death Attributed to
Irradiation, No. (%)c

Target Organ or
Tissue

Organ- or
Tissue-Absorbed
Dose, Mean (SD) No. of Deaths

At 100-mGy Organ-
or Tissue-Absorbed
Dose, RR (95% CI)b P Value

Solid cancers

Oral cavity Mucosa 320 (320) 31 0.99 (<0.99-1.30) >.50

Esophageal Esophagus 1600 (1500) 38 1.01 (<1.00-1.87) >.50

Stomach Stomach 170 (180) 97 1.03 (<0.98-1.28) >.50

Colon Colon 23 (25) 258 1.19 (<0.80-2.17) >.50

Rectal Rectum 18 (19) 49 1.54 (<0.75-6.53) >.50

Liver Liver 390 (460) 34 0.99 (<0.99-1.12) >.50

Pancreatic Pancreas 110 (120) 132 1.13 (<0.97-1.56) .27

Lung or bronchus Lung 310 (310) 437 1.02 (<0.99-1.07) .31

Bladder Bladder 49 (50) 54 0.96 (<0.96-2.15) >.50

Kidney Kidney 110 (130) 48 1.32 (<0.97-9.34) >.50

Brain or central nervous
system

Brain 58 (56) 39 1.07 (<0.93-2.98) >.50

Thyroid Thyroid 130 000 (110 000) 15 1.20 (<1.00-6.10)d >.50

Female breast Breast 150 (160) 291 1.12 (1.00-1.32) .04 41.9 (14)

Uterine Uterus 63 (69) 63 1.54 (0.98-3.42) .07

Ovarian Ovary 38 (42) 104 1.32 (<0.90-2.46) .30

Prostate Prostate 42 (41) 52 1.04 (<0.86-2.42) >.50

All other solid cancers Stomach 170 (180) 242 1.02 (<0.98-1.16) >.50

Leukemia (excluding CLL) Marrow 160 (160) 59 0.97 (<0.96-1.26) >.50

Non-Hodgkin lymphoma Marrow 160 (160) 70 1.07 (<0.96-1.54) >.50

Multiple myeloma Marrow 160 (160) 30 1.69 (<0.97->6.00) >.50

All solid cancers combined Stomach 170 (180) 1984 1.06 (1.02-1.10) .002 154.7 (8)

All solid cancers excluding
female breast

Stomach 170 (180) 1693 1.05 (1.01-1.10) .01 117.2 (7)

Abbreviations: CLL, chronic lymphocytic leukemia; ERR, excess relative risk;

Gy, gray; RAI, radioactive iodine; RR, relative risk.

a Patient deaths that occurred in the first 5 years after last RAI treatment were

excluded.

bBased on a linear excess RRmodel using continuous values of organ- or

tissue-absorbed dose (per 100mGy), in which RR = 1 + ERR. Background rates

include terms for sex, sex-specific attained age and birth cohort patterns,

Graves disease diagnosis (yes or no), additional treatment with surgical

procedure (yes or no), and additional treatment with antithyroid drugs

(yes or no). To calculate RRs at 100*xmGy organ or tissue dose, use the

following equation: [(ERR)*x +1].

c Estimates are shown only when the corresponding RRs were statistically

significant at P < .05.

dRR at 100 Gy.
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are rarely fatal, such as thyroid cancer, in this study was lim-

ited as the cohort was followed for mortality outcomes only.

Studies with high-quality dosimetry and cancer incidence

follow-up are needed to better characterize the risk of thy-

roid cancer in adults and children after RAI treatment for

hyperthyroidism.

The lackof evidenceof adose-response for leukemiamor-

tality in the current study was somewhat unexpected, given

that anelevated riskof leukemiawasobserved inpatientswith

thyroid cancer who received much higher levels of adminis-

tered activity.5-9Low-dose radiation exposurewas also found

to be associated with leukemia risk in previous studies.36,37

However, greater uncertainty in the calculation of red bone

marrowactivity comparedwith that of other organ- or tissue-

absorbeddoses,15 combinedwith the low-dose rangeof expo-

sure and relatively small number of leukemia deaths, limited

our ability to detect a dose-response relationship in this set-

ting. Thus, we cannot rule out an association between radia-

tion treatment for hyperthyroidism and leukemia induction.

Strengths and Limitations

Strengths of this study included the large cohort size, long-

term follow-up, detailed clinical information, and analytic

methods tominimize confounding. In addition,weusedhigh-

quality, individualized organ- and tissue-specific dose esti-

matesderived fromabiokineticmodel thatwasdevelopedand

calibrated in a small groupofwell-characterizedpatientswith

hyperthyroidism, with individual radioactivity measure-

ments, calculated S values, and clinical measurements avail-

able for all (administered activity) or most (thyroid mass and

percentage uptake) of the RAI-treated patients in the full

study.15

Nonetheless, major uncertainties in the organ (particu-

larlynon-thyroid)doseestimationsmayhavebiased the study

findings toward thenull. The small numberofdeaths formany

cancers of interest, togetherwith relatively small doses to or-

gans other than the thyroid, limited our power to detect sta-

tistically significant associations for those outcomes. Consid-

ering the number of statistical tests performed, some results

maybebecause of chance; therefore, the results should be in-

terpreted with caution. As the results were unadjusted for

smoking, obesity, alcohol use, or reproductive factors, con-

founding by these known cancer risk factors is possible. Al-

though the resultswereadjusted for additional treatmentwith

antithyroiddrugs (yesorno), residual confoundingmaybepos-

sible, as this information may not have been complete for all

patients, and the information on type, quantity, and dates of

usewas not recorded in the database.2Given that the types of

antithyroid drugs administered to patients in the cohort dif-

fered from those more commonly prescribed in recent years

(eg,methimazole andcarbimazole),2,38additional studies that

can more precisely evaluate the long-term health implica-

tions of current antithyroid drug therapies, including in the

context of RAI therapy.39 Confounding by severity of the un-

derlying hyperthyroid status and other concomitant diseases

was a potential source of bias, but we found that the results

changed little after adjusting fordifferences in clinical impres-

sion of disease severity.

Figure. Relative Risks for Solid Cancer, Female Breast Cancer, and Solid

CancerWithout Female Breast CancerMortality Among PatientsWith

Hyperthyroidism
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[to convert to the conventional unit rad,multiply by 100]). Solid horizontal lines

represent the relative risk reference value (1). Solid blue lines represent the

estimated log-linear dose-response relationships. Dashedblack lines represent

the smootheddose-response relationships, anddashed gray lines represent

95%CIs. Black dots represent the relative risk at each organdose category.

Background rates include terms for sex, sex-specific attained age andbirth cohort

patterns, Graves disease diagnosis, additional treatmentwith surgical procedure,

and additional treatmentwith antithyroid drugs.
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Conclusions

Hyperthyroid treatment decisions should take into

consideration the balance of risks with advantages of each

available treatment option as well as patient preference,

health status, and access to these options. We believe the

results of this study provide quantitative estimates of the

risks of radiation-associated cancer deaths in RAI-treated

patients with hyperthyroidism, which were previously not

well understood, and suggest that the risk of death from

solid cancer (including breast cancer) increases with the

greater absorbed dose to exposed organs and tissues. Addi-

tional studies are needed to fully weigh the risks and advan-

tages of RAI and other major treatment options available to

patients with hyperthyroidism.
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