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cancer risk was at least as great as that of a 60-year-old woman
Background: Tamoxifen is effective in treating breast cancer, to receive either tamoxifen (20 mg/day for 5 years) or placebo
reduces breast cancer incidence among high-risk women, and accrued more than 13000 wom@. This study was un-
and is associated with increased endometrial cancer risk. blinded in April 1998 because of the substantial 49% reduced
This study was designed to examine the possible modifyingrisk of invasive breast cancer among women receiving tamoxi-
effects of endometrial cancer risk factors on the tamoxifen— fen relative to those on the placebo arm. The two European
endometrial cancer associationMethods: We conducted a prevention trials had different eligibility requirements, including
case—control study of endometrial cancer (324 case patientswomen with different breast cancer risk profiles and permittingy
and 671 individually matched control subjects) nested within women to take hormone replacement therapy (HRT) while ong
a population-based cohort of patients with breast cancer di- trial. Neither of these trials has shown a benefit for womeng
agnosed from 1978 through 1992 within four regions of the receiving tamoxifer(6,7).

United States. We obtained information on breast cancer ~ Tamoxifen has estrogen-like effects in the utgi@js Reports
treatment and endometrial cancer risk factors through in- Of endometrial cancers diagnosed among women receivin
terviews and reviews of medical records. AllP values re- tamoxifen therapy for breast cancer began to appear in the lits
ported are two-sided. Results: Endometrial cancer risk was ~€rature as early as 19¢5). Elevated endometrial cancer risk has
ratio = 1.52; 95% confidence interval [CI] = 1.07-2.17). Risk therapy(10) and population-based studies of breast cancer pag
increased with duration of tamoxifen use P for trend = fients(11-14).although the numbers of patients diagnosed with:
.0002). Women with more than 5 years of exposure to endomet_rlallcancer in _most of 'the studies are relgtlvely smallg
tamoxifen had 4.06-fold greater odds of developing endome- After_ reviewing the av;_;ulable animal and human evidence on Fhea
trial cancer than nonusers (95% CI = 1.74-9.47). Prior use of relationship of taquﬁen to the development of endometrial3
estrogen replacement therapy (ERT) increased risk associ- C&ncer, the International Agency for Research on Ca(tey
ated with tamoxifen use P for homogeneity of trends has classified tamox!fen as a human carcinogen. Ip the BCP
<.0001). Risk associated with tamoxifen use was Strongerwomen on the tamoxifen arm had a 2.5-fold greater incidence o

among heavier women than among thinner women, although
trends did not differ statistically (P = .10). Tamoxifen dose—
response effects were more pronounced among women with
both previous ERT exposure and higher body mass index
than among women in other risk groups.Conclusions:ERT
use and obesity, both established endometrial cancer risk
factors and markers of estrogen exposure, substantially
modify the association between tamoxifen use and endome-
trial cancer risk among patients with breast cancer. Women
with positive ERT histories and those who are obese, when
prescribed tamoxifen, may warrant closer surveillance for
endometrial cancer than women without such histories. [J
Natl Cancer Inst 1999;91:1654—-62]
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cancers among women receiving tamoxifen versus 15 invasivel
cancers among women receiving the placef&)) All of the
endometrial cancers diagnosed among women on the tamoxifes
arm of this trial were stage |, and the majority (75%) Were<§
diagnosed among women who were 50 years of age or older.$

Several factors are known to affect endometrial cancer risk
including reproductive characteristics, obesity, use of steroia:jr
hormone preparations, certain medical conditions, and smoking
(16). Exposure to estrogen unopposed by progesterone, Wheth§r
endogenous or exogenous, substantially increases women'’s risk
of this disease. Use of combination oral contraceptive prepara®
tions substantially lowers risk. Obesity, a source of endogenous.
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Tamoxifen, a nonsteroidal hormone that acts as an antiestrg:fiiations of authors:L. Bernstein, D. Deapen, E. McGann-Maloney, De-
artment of Preventive Medicine, University of Southern California School of

gen I,n,brea,St tissue, was approved by the U.S. Food and D icine, and Norris Comprehensive Cancer Center, Los Angeles; J. R. Cerhan,
Administration for the treatment of advanced breast CanC§partment of Health Sciences Research, Mayo Clinic, Rochester, MN; S. M.
among postmenopausal women in 1978. Currently, tamoxifensigwwartz, Division of Public Health Sciences, Fred Hutchinson Cancer Research
used among women of all ages for the treatment of all stagesCefter, and Department of Epidemiology, School of Public Health and Com-
breast cancefl). Tamoxifen reduces the risk of Subsequermunity Medicine, University of Washington, Seattle; J. Liff, Department of
contralateral breast cancer as well as breast cancer recurreffeg§miology, Rollins School of Public Health, Emory University, Atlanta, GA;
and mortality(2—4). Because of its efficacy in breast canceg' A. Perlman, U.S. Public Health Service and Epimedix, Washington, DC; L.

th linical trial initiated in the United Stat th ord, Division of Cancer Prevention, National Cancer Institute, Bethesda, MD.
erapy, clinical trials were Iniiated in the Unite ales, eCorrespondence td:eslie Bernstein, Ph.D., Department of Preventive Medi-

U.K., and Italy among disease-free women to evaluate the effine, university of Southern California/Norris Comprehensive Cancer Center,
cacy of tamoxifen in the primary prevention of breast cancer441 Eastlake Ave., MS 44, Los Angeles, CA 90033 (e-mail: Ibern@hsc.
The National Surgical Adjuvant Breast and Bowel Projecisc.edu).

(NSABP) Breast Cancer Prevention Trial (BCPT), which is the See’Notes” following “References.”

largest of these trials, randomly assigned women whose bre&stxford University Press
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(unopposed) estrogen among postmenopausal women, incregisetfied 330 eligible case patients and 708 eligible control subjects. A total of
endometrial cancer risk. None of the prior studies of tamoxife§? control subjects (56%) matched case patients exactly on all matching cri-
therapy and endometrial cancer risk has adequately consideféft
whether the_se r|§k factors modify the tamoxifen—endometrigy|iection of Treatment Histories and Risk Factor
cancer relgnonshlp. _ Information

We designed a population-based, case—control study, nested
within the cohort of breast cancer patients diagnosed within fouiDetailed information on all treatments (surgery, radiation therapy, chemo-
geographically defined regions served by four Surveillance, Eﬁperapy, and hormonal therapy) that a woman received for her breast cancer was
demiology and End Results (SEElRaagistries to examine the abstracted from hospital medical records and the records of all physicians pro-

relationship between tamoxifen use (including duration of usviding such treatment. Special efforts were made to ensure that any treatment
P 9 &\’/en for progression of disease, recurrence of disease, or second primary breast

recentness of use, ajnd CumU|at'V? dose) and SUbseque_nt d%‘éﬁ'&'er diagnosis was abstracted. In addition, information on age at menopause,
opment of endometrial cancer. This study was also designed@ty, family history of breast cancer, and other medical conditions, such as
address whether estrogen replacement therapy (ERT), oral odiabetes, hypertension, stroke, and coronary heart disease, was obtained from the

traceptive use, and obesity modify any observed re|ati0n3hirpatient’s medical records. Height and weight were obtained from medical re-
cords at the woman'’s admission physical at the time of her initial breast cancer

SUBJECTS AND METHODS diagnosis.
Patients alive at the time of the study were interviewed by telephone to obtairg
Subject Identification and Eligibility further information on relevant endometrial cancer risk factors and breast canc

therapy. Women were asked about their reproductive histories, medical historyo

All women diagnosed with breast cancer who had had no prior or concurreffoking history, and use of oral contraceptives, ERT, or combined HRT (regi-2
cancers (other than bilateral breast cancer) at the time of initial breast cangeins of estrogen and a progestin). All women were asked to pro\/ide a roster (&;
diagnosis were identified at the four SEER registries. Patients first diagnosgi{sicians who had provided their health care during their adult years, includingd
from 1978 through 1992 were eligible for the study in Los Angeles Countgeneral or family practitioners, internists, cardiologists, gynecologists, oncolo-=-
whereas for the other SEER registries, the years of initial breast cancer dlagngggy and surgeons. In Los Angeles County, next of kin were also interviewed |g
were 1983 through 1988 for Atlanta (GA), 1983 through 1990 for lowa, an#le patient was deceased or unable to respond to the interview. We conducted
1983 through 1989 for Seattle-Puget Sound (WA). Each of these SEER regis7 next-of-kin interviews (case patients—86 or 37% of the 232 eligible pa-S
tries is a population-based cancer registry serving a designated geographic regégfis; control subjects—141 or 27% of the 521 eligible patients). At all sites%
as part of the National Cancer Institute’s Cancer Statistics Program. Case fpadical records were sought from all physicians mentioned in the interview,3
tients were women diagnosed with endometrial cancer at least 6 months afte\ther done with patients or next of kin as well as any physician mentioned ing
initial breast cancer diagnosis within the defined period. Case patients hadtﬁ@ hospita| or other physician record. At sites other than Los Ange|es County_%
prior cancer diagnoses and no cancer diagnosed between their breast cagggh we were unable to conduct a patient interview, we relied completely ong
diagnosis and their endometrial cancer diagnosis other than a second primififent medical records for data collection. 3
breast cancer (or basal or squamous cell skin cancer). The years of endometriat the beginning of the telephone interview, each participating subject pr0.§'
cancer diagnosis for subjects considered to be eligible for this study were 19ed informed consent. Study procedures were approved by institutional reviews
through June 1993 in Los Angeles County and 1983 through 1991 in Atlanpards at the University of Southern California (Los Angeles), University of 5
lowa, and Seattle—Puget Sound. Within the latter three registries, no eligible crsga (lowa City), Fred Hutchinson Cancer Research Center (Seattle, WA), and%
patient had an endometrial cancer diagnosis in 1983. Emory University (Atlanta, GA), in accord with assurances approved by the U.S.=

Control subjects were breast cancer patients who did not develop endomettighartment of Health and Human Services. @
cancer and who were selected individually for each case patient to be comparab{gn the basis of all sources of information, we reconstructed a detailed medicab
to the case patient with respect to SpeCifiC characteristics. We indiVidUaH}story for each patient. In Comp“ing all sources of information’ we sought g
matched two control subjects to each case patient on the year of first breagtical record confirmation for all drug exposures and breast cancer treatment&s
cancer diagnosis, year of birth, race/ethnicity (non-Hispanic white, Hispanigthough we were able to confirm most exposure histories of women withg
white, black, or Asian), SEER registry, and summary stage of disease (localizggt-of-kin interviews through review of medical records, we were unable to 9
regional extension, or metastatic disease). The duration of time that a case paigfirm positive histories of tamoxifen use for eight of these patients, negatives
was at risk for endometrial cancer was calculated as the number of monifisiories of tamoxifen use for 39 of these patients, positive histories of hormones
between her initial breast cancer diagnosis and her endometrial cancer diagn@sis:for 18 of these patients, and negative histories of such use for 61 of the
each control subject was required to have survived at least the same lengthafents. The compiled medical history included dosages of all chemotherapy
time as her matched case patient without any subsequent cancer diagnosis @d@fihens and the dates that they were administered; dates, duration, and dosages
than a second primary breast cancer (or basal or squamous cell skin cancer)giignoxifen therapy; details of radiation therapy; and dates and duration of ERT®
to have had an intact uterus on the last day of that follow-up period. Contighd HRT. For oral contraceptive use, we were able to determine whether womean
subjects were required to have maintained their residence within the geographig used this method of contraception but were unable to obtain details on thg;
area covered by the registry so that, had they become case patients, the redisfiation of use for most women. We collected information on breast cancelQ
would have ascertained their subsequent cancer. therapies as well as the use of exogenous hormones throughout the definéd

From a roster of all patients with breast cancer ellglble as potential matchesmrow-up period based on the number of days between the case patients’ breast
each case patient, we randomly selected control subjects and confirmed thgicer and endometrial cancer diagnoses. We included use of estrogens by pill,
eligibility by use of hospital and physician medical records and interview infopatch, or injection in the category of ERT; some of this use occurred during the
mation so that at least two control SUbjeCtS satisfying all ellglblllty criteria Wekgomen’s premenopausa| and perimenopausa| years. To determine whether a
selected. Where we lacked sufficient control subjects who were exact matcigsan had used ERT, we required that there be no more than a 2-month lapse
for a particular case, we first relaxed the matching criteria of year of birth to yercontinuous medical records. Otherwise, we considered that the history of ERT

of birth within 1 or 2 years; if necessary, we also relaxed the year of diagnosise was unknown. It is likely that most women so designated had never used
matching criteria to year of diagnosis within 1 year. The hysterectomy status gngT.

residential history of each potential control subject were established through
medical record reviews and telephone interviews. Statistical Analyses

In Los Angeles County, we identified more than two control subjects for some
case patients as, initially, we randomly selected five to 10 potential controlThe 330 eligible case patients included 232 from Los Angeles County, 50
subjects for each case patient and initiated data collection for the first five. \itfem lowa, 34 from Seattle—Puget Sound, and 14 from Atlanta. The majority of
expected frequent losses because of ineligibility by virtue of a control subjebese women were non-Hispanic whites£n305); 14 were Hispanic whites, six
having had a prior hysterectomy. At other study sites, we only attemptedwere African-Americans, and five were Asian-Americans. A total of 708 control
identify two control subjects per case patient. Across the four study sites, wbjects were determined to be eligible matches for these 330 case patients. We
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retained all eligible control subjects in the statistical analyses. Over all studiagnosis, and history of high blood pressure at breast cancer diagnosis except
sites, we were unable to identify a suitable control subject for one case patiehiere a different form of one of these variables was being evaluated. Tests for
and could not determine whether five case patients had taken tamoxifen. Thesed were computed by fitting a conditional logistic regression model to con-
six case patients and their 10 individually matched control subjects were éxwous values of the variables. All reported trend test significance lefels (
cluded from all analyses. In addition, we excluded 27 eligible control subjectalues) are two-sided. To assess whether other endometrial cancer risk factors
who had missing information on tamoxifen exposure. Exclusion of these contstétistically significantly modified the effects of tamoxifen on endometrial can-
subjects did not result in the exclusion of any case patients because each haératisk, we constructed a likelihood ratio test to determine homogeneity of
least one remaining eligible matched control subject. Thus, the statistical anahgnds in risk with increasing levels of tamoxifen exposure.
ses are based on 324 case patients (98% of total eligible patients) and 671 contr@halyses of the effects of tamoxifen on endometrial cancer risk that were
subjects (96% of total eligible matches for the 324 case patients) with a matchampducted within strata of exposure variables modeled all levels of the stratifi-
ratio ranging from one to four. The distribution of patient characteristics ation variable simultaneously and excluded women who were missing infor-
shown in Table 1. mation on the stratification variable or the duration of tamoxifen use unless
Quetelet’'s index (weight in kilograms divided by height in meters squaredjherwise indicated. For these analyses, we used unconditional logistic regres-
was used as a measure of body mass index. Exposure to tamoxifen wassea analyses and adjusted for all factors on which we matched in the study
pressed as the total duration of exposure in months and as cumulative dosgesign. We also conducted analyses restricted to women who were postmeno-
milligrams. Exposure to ERT or HRT was expressed as the total duration pHusal at the time of their breast cancer diagnoses by use of the same statistical
exposure in months. When creating analytic variables for ERT and HRT, wapproach.
restricted the referent group to women who had not used either type of regimgyj.
We classified women according to their smoking status at the time of bre SULTS g
cancer diagnosis as current smokers or current nonsmokers. The majority of the case patients were diagnosed with |oca|.:
Univariate and multivariate conditional logistic regression methods with jga( (61 1%) or reg|0na| (37 3%) breast cancer. Elghteen cas%
variable number of control subjects matched to each case patient were useﬂé?ents (5 6%) and 13 control subjects (1 9%) were dlagnosea

estimate odds ratios (ORs) and 95% confidence intervals (Cls) for thELDR ith d b t to th d t
In all categorical variable analyses, women with missing information for a pa apith a secon primary breast cancer prior to their endometriag

ticular variable were included in a separate category in the analysis. All mufg@Ncer diagnosis (case patients) or the end of their at-risk perloa
variate analyses included duration of tamoxifen therapy, duration of ERT, afgontrol subjects). A total of 70 case patients (21.6%) and 14%’
use of oral contraceptives, body mass index, smoking status at breast cag@mtrol subjects (22.2%) had recurrent or metastatic disease. Tf@
average age at breast cancer diagnosis was 65.9 years (range,

Table 1.Characteristics of study population 38.4-92.3 years) for case patients and 65.6 years (range, 38.8-

93.6 years) for control subjects. The time interval between breas%-
Case patients ~ Control subjects  cancer diagnosis and endometrial cancer diagnosis for case pa-

Characteristic (n = 324) (n=671) tients averaged 3.9 years (range, 6 months to 13.5 years). Orge

SEER* Registry hundred case patients (and their 205 matched control subjectg)
IA(;\';‘;ta ég Sg had at least a 5-year at-risk interval (Table 1). 2
Los Angeles County 208 486 Women who used oral contraceptives were at modestly re&
Seattle—Puget Sound 32 62 duced risk of endometrial cancer relative to nonusers OR £

Age at breast cancer diagnosisyy 059, 95% Cl= 035—101) (Table 2) Any use of ERT was S
<50 18 43 associated with a twofold increased risk (GR2.12; 95% Cl= o
50-59 64 129 1.52-2.96). Women with more than 8 years of ERT use hads
60-69 127 267
70-79 92 186 more than four times the risk of unexposed women. Of note, 1@
=80 23 46 case patients and nine control subjects used ERT following thelg

Year of breast cancer diagnosis breast cancer diagnoses. We determined how recently eaéﬁ
1978 19 38 ERT-exposed patient had used ERT. We observed an elevated
iggg ig ‘2& risk for any ERT use within 5 years of endometrial cancer d|-
1081 18 a1 agnosis or the end of the follow-up period (for control subjects)o
1982 21 38 as well as for ERT use that ended more than 5 years before tr’@
1983 38 78 endometrial cancer diagnosis or the end of the follow-up period.
o 3 o (Table 2). The OR estimates for the two exposure groups did noﬁ
1986 33 61 differ statistically = .22).
1987 33 68 Few women (23 case patients and 47 control subjects) Were;
1988 29 61 known to have used HRT; of these, 17 case patients (74%) ané
iggg ig gg 23 control subjects (49%) had previously used ERT. We also
1991 2 4 documented that three case patients and nine control subjects
1992 1 2 used HRT following their breast cancer diagnoses. Overall, HRT

Months between initial breast cancer and use was associated with a modest elevation in endometrial can-

endometrial cancer diagnosis cer risk (OR= 1.69; 95% Cl= 0.93-3.06). However, among

at-misk period for contral subjects) . 4 those women with no prior ERT exposure, HRT use was not
24-59 154 324 associated with increased endometrial cancer risk €OR.78;
=60 100 205 95% CIl = 0.29-2.06) in a multivariate model.

Matching ratios: cases with Approximate quartile categories were created for body mass
1 matched control 27 index on the basis of the distribution of this index among control
2 matched controls 253 subjects. Endometrial cancer risk increased with increasing cat-
3 matched controls 38 . - .
4 matched controls 6 egory of body mass index. Women in the highest category had

a twofold greater risk than women in the lowest category (©OR

*SEER = Surveillance, Epidemiology, and End Results. 2.06; 95% Cl= 1.31-3.24) (Table 2).
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Table 2.0dds ratios (ORs) and 95% confidence intervals (95% CIs) of endometrial cancer associated with selected exposures among
patients previously diagnosed with breast cancer

Exposure

No. of case patients/
No. of control subjects

Univariate OR
(95% CI)

Multivariate* OR

(95% Cl)

P for trendt

Oral contraceptives

No 278/528 1.0 (referent) 1.0 (referent)
Yes 30/92 0.54 (0.32-0.88) 0.59 (0.35-1.01)
Unknown 16/51
Use of exogenous hormonest
Estrogen replacement therapy
No 150/365 1.0 (referent) 1.0 (referent)
Yes 134/180 1.97 (1.44-2.70) 2.12 (1.52-2.96)
Unknown if used 34/102
1-12 mo 27157 1.30 (0.78-2.17) 1.35 (0.79-2.30)
13-48 mo 25/37 1.57 (0.87-2.84) 1.80 (0.96-3.36)
49-96 mo 19/24 2.38 (1.24-4.58) 2.20(1.08-4.47)
=97 mo 51/48 3.51(2.07-5.94) 4.17 (2.38-7.31) <.0001
Unknown duration 12/14 g
Use within past 60 mo 37/41 2.39 (1.45-3.93) 2.73 (1.62-4.63) :2_:
Use >60 mo previously 81/119 1.83(1.28-2.61) 1.92 (1.32-2.80) S
Combined hormone replacement therapy §
No 150/365 1.0 (referent) 1.0 (referent) =
Yes 23/47 1.37 (0.78-2.40) 1.69 (0.93-3.06) g
Unknown if used 34/102 =)
Body mass index, kg/fn 7
<22.1 59/171 1.0 (referent) 1.0 (referent) >
22.1-24.5 67/163 1.20 (0.80-1.80) 1.13(0.73-1.74) 8
24.6-28.0 82/157 1.47 (0.98-2.21) 1.46 (0.93-2.29) &
>28.0 108/167 1.88 (1.27-2.80) 2.06 (1.31-3.24) <.0001 3
Unknown 8/13 2
History of high blood pressure at breast cancer diagnosis -S
No 145/375 1.0 (referent) 1.0 (referent) 8
Yes 179/296 1.58 (1.20-2.08) 1.40 (1.04-1.90) 2
History of diabetes at breast cancer diagnosis 5
No 278/600 1.0 (referent) 1.0 (referent) 2
Yes 46/71 1.36 (0.91-2.05) 1.33(0.84-2.11) %
Smoking status at breast cancer diagnosis §
Nonsmoker 226/423 1.0 (referent) 1.0 (referent) =
Smoker 84/219 0.70 (0.51-0.96) 0.74 (0.52-1.05) ©
Unknown 14/29 a
=
*All multivariate models include categorical terms for months of tamoxifen therapy, months of estrogen replacement therapy, use of hormoreniepepy E
only, oral contraceptive use, body mass index (body weight in kilograms divided by height in meters squared), smoking status at diagnosig,cirnigtisitmod 8
pressure at diagnosis, except where a different formulation of one of these variables was included in the model. 15
TTests for trend were computed by fitting conditional logistic regression models to continuous values of the variables. g
fReferent group= women with no use of estrogen replacement therapy or combined hormone replacement therapy. @
@
(2]
o

We restricted the history of other medical conditions to those Neither chemotherapy nor radiation therapy for breast cancer.

diagnosed prior to the patient’s diagnosis of breast cancer. Bvas associated with an elevated risk of endometrial canceﬁ
dometrial cancer risk was statistically significantly elevatelable 3). Few women in this study received radiation therapy to:
among women with a history of high blood pressure (@R the pelvic area.

1.58; 95% CIl = 1.20-2.08) and nonsignificantly elevated Women treated with tamoxifen had a greater risk of endo R
among those with a history of diabetes (GR1.36; 95% Cl=  metrial cancer than those who did not take tamoxifen (8R
0.91-2.05) (Table 2). Adjustment for body mass index reducéd?2; 95% Cl= 1.07-2.17) after multivariate adjustment (Table
the OR associated with diabetes to 1.23 (95%=C0.81-1.86), 3). Risk increased 18% per year of use and was statistically
although it increased to 1.33 following adjustment for othesignificantly elevated among women who were treated with
factors in the multivariate model. After adjustment for bodyamoxifen for more than 2 years. We also show results for the
mass index, the OR for high blood pressure, although attenuatel cumulative dose of tamoxifen a woman received. The ma-
somewhat, remained statistically significant (GR1.43; 95% jority of women received 20 mg/day throughout their treatment,
Cl = 1.08-1.91). The OR for high blood pressure was reducatthough some had their doses altered during the course of their
minimally after adjustment for other potential confounding fadreatment and a few received other doses (10, 30, or 40 mg/day).
tors. Endometrial cancer risk was not associated with a historyArinong women taking tamoxifen, cumulative dose and duration
coronary heart disease or stroke (data not shown). Women wdfaise were highly correlated (Pearsoe- .99 for case patients
were current cigarette smokers had a nonsignficant, reduced askir = .97 for control subjects). Therefore, the risk estimates
of endometrial cancer relative to current nonsmokers (&R for cumulative dose are similar to those for duration of therapy
0.74; 95% Cl= 0.52-1.05) (Table 2). (Table 3).
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Table 3.0dds ratios (ORs) and 95% confidence intervals (95% CIs) of endometrial cancer associated with treatment of breast cancer

No. of case patients/

Univariate OR

Multivariate* OR

Exposure No. of control subjects (95% CI) (95% CI) P for trendt
Chemotherapy
No 243/502 1.0 (referent) 1.0 (referent)
Yes 76/164 0.88 (0.58-1.32) 0.80 (0.50-1.26)
Unknown 5/5
Radiation therapy
No 219/469 1.0 (referent) 1.0 (referent)
Yes 102/190 1.16 (0.87-1.56) 1.19 (0.86-1.65)
Unknown 3/12
3000-5000 rads 20/47 0.92 (0.52-1.63) 1.09 (0.58-2.05)
5001-6000 rads 22/35 1.39 (0.80-2.43) 1.38 (0.74-2.55)
6001-7000 rads 41/63 1.35(0.88-2.07) 1.24 (0.78-1.98)
>7000 rads 12/31 0.82 (0.41-1.63) 0.86 (0.40-1.84) .66
Unknown dose 7114
Tamoxifen therapy o
No 178/422 1.0 (referent) 1.0 (referent) ]
Yes 146/249 1.55 (1.11-2.17) 1.52 (1.07-2.17) 2
Unknown duration 1/4 3
Duration, mo &
1-12 37/81 1.09 (0.66-1.79) 0.96 (0.55-1.65) o
13-24 29/60 1.27 (0.73-2.20) 1.35 (0.76-2.41) g
25-60 57/86 1.91(1.18-3.10) 1.90 (1.15-3.16) 3
>60 22/18 3.72(1.69-8.18) 4.06 (1.74-9.47) =
OR per year of use 1.175 (1.079-1.280) .0002 8
Cumulative dose, mg >
<7500 36/78 1.12 (0.68-1.85) 0.94 (0.54-1.64) Q
7501-15 000 29/62 1.23(0.71-2.10) 1.37 (0.77-2.42) &
15001-30 000 50/72 1.95(1.19-3.21) 1.86 (1.10-3.15) 3
>30 000 30/33 2.97 (1.52-5.77) 3.30(1.63-6.65) g
OR per 1000 mg 1.022 (1.010-1.034) .0002 5
Unknown duration/dose 1/4 Q
Recentness of tamoxifen therapy %
Current use or use within past 12 mo 125/196 1.67 (1.18-2.37) 1.69 (1.16-2.44) =
No use within past 12 mo 20/49 1.03 (0.56-1.93) 0.87 (0.44-1.70) 2.
Recentness and duration of tamoxifen therapy =l
Duration: 1-24 mo %
Current use or use within past 12 mo 52/98 1.33(0.84-2.12) 1.33(0.81-2.19) bre)
No use within past 12 mo 14/43 0.85(0.43-1.69) 0.73 (0.35-1.53) =
Duration: >24 mo ©
Current use or use within past 12 mo 73/98 2.15(1.39-3.35) 2.15 (1.34-3.44) >
No use within past 12 mo 6/6 2.82 (0.86-9.24) 2.06 (0.59-7.16) g
N
(@)
*All multivariate models include categorical terms for months of tamoxifen therapy, months of estrogen replacement therapy, use of hormorenieptepy PR
only, oral contraceptive use, body mass index (body weight in kilograms divided by height in meters squared), smoking status at diagnosig,adrndgigitmod §
pressure at diagnosis, except where a different formulation of one of these variables was included in the model. o
TTests for trend were computed by fitting conditional logistic regression models to continuous values of the variables. ;
c
8
o
Most women with tamoxifen exposure were currently takindometrial cancer (OR= 1.62; 95% Cl= 1.05-2.50), whereas 2.
tamoxifen or had taken it within 12 months of the end of thewomen who had used both drugs were at substantially increaseg
o

at-risk period. We combined use within 12 months with currenisk of endometrial cancer (OR 3.53; 95% Cl= 2.15-5.78).
use into one category because case patients may have exp®g-further examined the patterns of use among women exposed
enced symptoms such as bleeding prior to their endometrialboth tamoxifen and ERT. Among those women who were®
cancer diagnoses, which might have resulted in their being adtated with tamoxifen within 1 year of last use of ERT (19 case
vised to discontinue tamoxifen. Although having last useghtients and 12 control subjects), the relative odds of endome-
tamoxifen more than 12 months ago was not associated witial cancer was 5.28 (95% CE 2.35-11.9); the risk estimate
endometrial cancer risk, this may be masking a duration effagas lower for women with more than 1 year between the use of
since, among women with more than 2 years of tamoxifen udmth regimens (30 case patients, 31 control subjects; ©OR

the ORs for recent and past users were of similar magnitugl83; 95% Cl= 1.51-5.31). On the basis of a test for homogen-
(twofold increase in risk) (Table 3). eity, these risk estimates do not differ statistical®y/ € .18).

We examined the combined effects of tamoxifen therapy and The trend in risk associated with increasing duration of
ERT on the risk of endometrial cancer. Comparing women @aamoxifen therapy was not statistically significant among
the basis of whether they had ever used either drug, we obserweunen who had never used ERF & .17) (Table 4); women
no increased risk of endometrial cancer among those womeho used tamoxifen for more than 60 months had an elevated
who had ever used tamoxifen but had never used ERT relativeaitk, but the ClI for the OR includes 1.0. In contrast to these
women unexposed to either drug (GR1.14; 95% Cl= 0.73— results, among women who had previously used ERT, tamoxifen
1.81). Those using only ERT had a 60% increased risk of ethierapy was strongly and statistically significantly associated
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Table 4. Multivariate odds ratios (ORs) and 95% confidence intervals (95% Cls) of endometrial cancer associated with tamoxifen

treatment of breast cancer in subgroups of women defined by other endometrial cancer risk factors*

Duration of tamoxifen therapy, mo

P for
Exposure None 1-12 13-24 25-60 >60 trendt
Any use of estrogen replacement therapy (ERT)
No. of case patients/No. of control subjects
No 97/249 12/46 9/33 27146 10/12
Yes 64/114 18/22 16/13 27127 9/4
Unknown 17/59 7/13 4/14 3/13 2/3
OR (95% CI)
No 1.0 (referent)  0.58(0.29-1.14) 0.67 (0.30-1.46) 1.34(0.78-2.31) 2.37 (0.96-5.85) 17
Yes 1.0 (referent)  1.81(0.89-3.71) 3.01(1.36-6.66) 2.99(1.62-5.54) 5.73(1.64-20.0) <.0001
Unknown 1.0 (referent)  1.51(0.64-3.58) 0.84 (0.29-2.43) 0.39(0.11-1.42) 5.57 (0.94-33.2) .37

Body mass index (BMI)
No. of case patients/No. of control subjects

Low, <24.5 751224 13/36 12/26 17/36 8/10
High, >24.5 98/190 24/44 16/33 38/47 14/8 o
OR (95% ClI) S
Low, <24.5 1.0 (referent)  0.82(0.41-1.62) 1.04(0.49-2.22) 1.13(0.59-2.15) 2.45(0.89-6.78) 065 3
High, >24.5 1.0 (referent)  1.30(0.74-2.27) 1.23(0.64-2.37) 1.84(1.12-3.03) 4.98 (1.95-12.7) 0001 Q
ERT and BMI g
No. of case patients/No. of control subjects =
No ERT, low BMI 37/134 4/18 2/13 8/15 6/4 g
No ERT, high BMI 58/114 8/27 7119 19/29 6/6 =
ERT, low BMI 35/68 8/11 9/8 9/16 312 g
ERT, high BMI 28/46 10/11 7/5 18/11 6/2 2
OR (95% ClI) o
No ERT, low BMI 1.0 (referent)  0.57 (0.19-1.74) 0.44 (0.10-2.04) 1.46 (0.59-3.62) 1.91(0.51-7.21) 49 8
No ERT, high BMI 1.0 (referent)  0.62(0.27-1.43) 0.86(0.35-2.14) 1.39(0.73-2.64) 2.88(0.88-9.45) .15 ‘3"
ERT, low BMI 1.0 (referent)  1.66 (0.64-4.27) 2.84(1.05-7.71) 1.59 (0.66-3.80) 4.07 (0.65-25.5) .0037 &
ERT, high BMI 1.0 (referent)  2.08 (0.84-5.17) 3.18(0.97-10.4) 3.95(1.77-8.84) 8.79(1.69-45.5) <.0001 2
Smoking status 2
No. of case patients/No. of control subjects g
Nonsmoker 122/260 29/54 19/37 39/57 17/13 =
Smoker 47/141 7124 10/20 16/27 4/5 Q.
OR (95% ClI) 2
Nonsmoker 1.0 (referent)  1.20 (0.72-2.00) 1.22(0.66-2.27) 1.58(0.97-2.58) 3.82(1.70-8.61) .0002 <&
Smoker 1.0 (referent)  0.67 (0.27-1.67) 1.10(0.48-2.53) 1.28(0.65-2.55) 2.07 (0.52-8.31) .28 %
*Excluding the exposure(s) of interest, the multivariate models include categorical terms for months of estrogen replacement therapy, use fpiaceiment g
therapy only, oral contraceptive use, body mass index (body weight in kilograms divided by height in meters squared), smoking status at diblgistsig,cin S
high blood pressure at diagnosis. %
tTests for trend were computed by fitting unconditional logistic regression models to continuous values of the variables. Q
&
w
O

with endometrial cancer riskP(for trend <.0001). Relative to women: 1) those who had never used ERT and were thinner (i.e
women not treated with tamoxifen, those who used tamoxiféelow the median body mass index of control subjects), 2) thosé
for 1-12 months had 1.8 times the risk of endometrial cancerho had never used ERT and were heavier (i.e., above thg
The ORs increased substantially with increasing duration of usedian body mass index of control subjects), 3) those who had.
and, among women who received tamoxifen for more than @8ed ERT but were thinner, and 4) those who had used ERT ang
months, the relative odds of endometrial cancer was 5.73 (958re heavier. Tamoxifen use was associated with a much greatér
Cl = 1.64-20.0). On the basis of the test for homogeneity @fcrease in risk of endometrial cancer among heavier WomerB
trends, the dose-response effects of tamoxifen on endometwhb had previously used ERT than among women in the otheR
cancer risk were statistically significantly different for users anchtegories of ERT use and obesity (test for homogeneity of
never users of ERTR<.0001). Among women with missingtrends,P = .0008) (Table 4). Among women with no ERT
ERT information, the OR was elevated only among those witxposure, the OR estimates are quite similar for those with low
more than 60 months of tamoxifen use. and with high body mass. Fitting a single trend for these two
The trends in risk of endometrial cancer associated witubgroups provides an equivalent fit of the data with one fewer
tamoxifen therapy did not differ statistically between womedegree of freedom.
with low versus high body mass index (test for homogeneity of The trends in risk by smoking status did not differ statistically
trends,P = .10) (Table 4). For heavier women, those who haflest for homogeneity of trend®, = .23) (Table 4).
used tamoxifen for more than 60 months had nearly a fivefold Women who had experienced their last menstrual period at
greater risk of endometrial cancer than those who had not béeast 1 year prior to their breast cancer diagnosis were consid-
treated with tamoxifen (OR= 4.98; 95% Cl= 1.95-12.7). ered to be postmenopausal. We were unable to determine di-
Among thinner women, this risk was 2.4-fold greater (@R rectly the menopausal status of 112 women in the study; we
2.45; 95% Cl= 0.89-6.78). classified 107 women with unknown status who were 56 years
We examined the risk of endometrial cancer in four groups ofd or older at the time of their breast cancer diagnosis as post-
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menopausal. Ninety-four women were known to be premenBRT exposure, only those with more than 5 years of tamoxifen
pausal at the time of their breast cancer diagnosis; the remainégosure appear to be at increased risk of endometrial cancer,
five with unknown menopausal status were under age 50 yeafthough we cannot rule out a similar twofold increased risk with
when diagnosed with breast cancer and were considered toube of 2-5 years. Similarly, the trend in risk with increasing
premenopausal. The 99 premenopausal women included 32 ehs@ation of tamoxifen therapy was greater among women with
patients and 67 control subjects. Among these 99 women, nifigher body mass index (>24.5 kgfjthan among women with
had used ERT (four case patients and five control subjects), Bifer body mass index, although we cannot rule out increased
had used HRT (one case patient and five control subjects), aiyk with long duration of use among thinner women. Addition-
29 had received tamoxifen (seven case patients and 22 congif}, the combined modifying effects of prior ERT exposure and
subjects). In an analysis restricted to postmenopausal Womgdgdy mass index suggest that women with prior ERT exposure
risk estimates for exposure to ERT, HRT, and tamoxifen theragid high body mass index are at the greatest risk of endometrial
did not differ substantially from those observed for all studyancer in association with tamoxifen treatment of breast cancer.
subjec_ts except for sub_jects in the longest duration of ERT- affljg analysis of all three factors (ERT exposure, body mass
tamoxifen-use categories. The OR for women who had Usﬁ*féjex, and tamoxifen exposure) also suggests that, among
ERT for more than 96 months was lowered by 8% and that fgfsmen with low body mass index, ERT and tamoxifen combine

women who had used tamoxifen for more than 60 months Wasincrease endometrial cancer risk, whereas among women with

lowered by 5%. no ERT exposure, the effects of tamoxifen are similar in both%
heavy and thinner women. 3
ERT is an acknowledged risk factor for endometrial cance@
Tamoxifen therapy for breast cancer was associated witloa the basis of results from cohort and case—control studies that
fourfold increased risk of endometrial cancer among womeéhow a strong, persistent duration response relationship (witR
with more than 5 years of exposure, a duration of treatment thitsk estimates of 1.4 for up to 1 year of use, 2.8 for 1-5 years o
is no longer recommenddd8). Tamoxifen was associated withuse, 5.9 for 5-10 years of use, and 9.5 for more than 10 years 6t
a more modest increase in risk for women with 2-5 years of ugse that remain elevated more than 5 years after cessation of u%)
and was unrelated to risk among women with a shorter duratipaviewed in(16)]. Our risk estimates are somewhat lower than &
of use. these; this may reflect the fact that a majority of our exposedg-
That tamoxifen increases the risk of endometrial cancerwsmen had not used ERT for many years prior to their endog
consistent with data on the known estrogen-like effects ofetrial cancer diagnoses (average: 10.2 years since last use for
tamoxifen in women. Tamoxifen appears to have selective aBse patients and 12.2 years since last use for control subjects).
finity for endometrial tissug19) and, among premenopausaHowever, we did examine whether recent use (within 5 years) oB,
women, acts directly on the ovaries to stimulate estrogen bimore remote use affected the magnitude of the association with
synthesis and increase plasma estrogen leiZ8l21). Among ERT; both risk estimates were elevated and statistically consis%

(o]

DiscussIioN

postmenopausal women, although tamoxifen may have a sntaiit with each other. Q
suppressive effect on circulating estrogen lev@I®), this low Endometrial cancer risk is also related to obesity, althoughe

estrogenic environment may permit the activation and increasstddies are inconsistent as to whether a dose-response relg-
synthesis of endometrial estrogen and progesterone receptortidayship exists or whether only the most obese women are
tamoxifen (23,24). Tamoxifen also has been shown to causecreased risk16). In our study, endometrial cancer risk in-
estrogen-like changes in the vaginal epitheli(2B) and endo- creased with increasing level of body mass index as measureg
metrium(26) of some women. Tamoxifen is also associated withy Quetelet's index. The relationship between obesity and en<
endometrial thickening, endometrial hyperplasia, and endocdpmetrial cancer risk may also represent the effects of greatet
vical and endometrial polyp®7,28)and thus may have a directestrogen exposure on the uterus. Among obese postmenopau%al
stimulatory effect on the uterine body and endometri(®@7). women, the peripheral conversion of androstenedione to estrong
Women with pre-existing, asymptomatic endometrial lesions d@sea major source of estrogdB1). Since circulating levels of 2
more likely than women with no endometrial abnormalities tsex hormone-binding globulin are inversely related to obesity
develop atypical lesions while on tamoxifen therg@®). Al- this results in higher levels of unbound (and therefore, bioavail=.
though estrogen-like effects of tamoxifen on the endometriuable) estrogen during ages when such levels are generally lo®
are the most likely explanation for increased endometrial cang8d). R
risk, other pathways, such as the regulation of insulin-like Our result showing about a 40% reduction in endometrial
growth factor-l, may also play a rol&0). cancer risk associated with oral contraceptive use is consistent
Our results suggest that the relationship between tamoxifeith the existing literature on this top{d6). We were unable to
use and subsequent endometrial cancer risk is substantialilect detailed data on formulation or duration of use. Cigarette
modified by ERT use and body mass index. In the absencesofioking and endometrial cancer risk are inversely related in
these exposures, tamoxifen may be associated with only a mothny studies, possibly through an antiestrogenic mechanism
est increase in risk. We find a relationship between tamoxif¢h6). We observe a small reduction in risk among women who
therapy for breast cancer and endometrial cancer risk thatwisre current smokers at the time of their breast cancer diag-
substantially greater among women with prior exposure to ERiDses. Other studies have reported an increased risk of endome
and among those with high body mass index at breast cant@l cancer among women with diabetes and hypertension, al-
diagnosis than among those without such exposures. ORsthwugh the majority did not consider potential confounding
creased dramatically among women with ERT exposure, afattors, such as obesity (for both conditions) and ERT (for hy-
even short-term tamoxifen exposures24 months) were asso-pertension)16). We, too, observed a modest elevated risk as-
ciated with increased risk. Among women without a history cfociated with these histories, with the association with hyper-

vozie
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tension remaining statistically significantly elevated followingpotential impact on this relationship of confounding and effect
adjustment for obesity and ERT. modification by acknowledged endometrial cancer risk factors,
Our results evaluating the main effect of tamoxifen on endparticularly ERT exposure and obesity.
metrial cancer risk are consistent with the majority of case— The issue of possible detection bias noted by MacM&B8h
control studies in the literature showing that increasing duratitvas been raised with regard to the relationship between ERT and
of tamoxifen therapy for breast cancer results in a graded @Rdometrial cancer ris{84,35).Since tamoxifen can cause gy-
creasing risk of endometrial candqd@2—14).0One negative study necologic symptoms, women receiving tamoxifen are often in-
(32) had limited duration of tamoxifen exposure among its pavestigated by transvaginal ultrasonography and hysteroscopy,
ticipants. The cumulative total number of cases included in thegsulting in the diagnosis of occult cancers. Although the first
previous case—control studies was only 311, with 97 cases in tggOrt of such a relationship between tamoxifen therapy and
Dutch study(12), 36 cases in the negative U.S. stu@p),and endometrial cancer risk was published in 1985, the major
43 cases in the first and 135 cases in the second French st{@BPrts did not appear in the literature until 1982) or later.
(13,14). Only the U.S. case—control stud2) attempted to | herefore, detection of occult endometrial cancers as a result of
evaluate potential confounding factors. In the European studjg§réased screening of asymptomatic women is not likely to
(12-14), substantially more women were exposed to doses rgﬁve affected our study because case pat|en.ts were diagnosed
30-40 mg/day than we observed in our study where nearly iith €ndometrial cancer between 1980 and mid-1993.
women were treated with 20 mg/day. Our risk estimates gre " summary, this study confirms that tamoxifen therapy for 2
quite similar to those from the Dutch study2) and from the breast cancer is associated with an increased risk for endomgtnél
study by Sasco et a(13) (the first French study). Although cancer. It further demonstrates that the strength of the relations

Mignotte et al.(14) (the second French study) had higher risﬁhip is substantially affected by the woman'’s history of exposurez

estimates than ours, their Cls are wide and consistent with iﬁrunopposed exogenous estrogens and her body mass indexsat

risk estimates. Mignotte and colleagues compared their res gnme of breast cancer diagnosis. In the absence of prior ERE

: ) ) =
with those from the Dutch studgi.2)and suggested that risk wasSXposure or obesity, the effects of tamoxifen on I’ISk' are con3|d;£
hi . ) X . erably lower than those observed among women with these exs

igher among their patients because their patients had accurmu- Q

lated areater durations of exposure and laraer cumulative dogosures. These results are consistent with tamoxifen having af
grez P 9 ?rogenic effect on the endometrium, enhancing the effects o
of tamoxifen than the Dutch women. Our results suggest t &

. . . . T and obesity. Because women with prior ERT use and thosé
other factors may explain these differences, particularly hlstov%0 are heavier appear to have a greater risk of endometrial

of exposure to ERT and body mass index at the time of bre%%tncer than women without these exposures, physicians shou

cancer diagnosis. . L . L : .
. - be particularly vigilant in monitoring tamoxifen-treated patients =
A study based on breast cancer patients first course of tre\"f‘{/‘%h these additional risk factors. Because tamoxifen has proveg:

ment and subsequent primary cancer diagnoses collected by hﬁefits in extending the disease-free and overall survival of

SEER registries also showed a statistically significant tWOfOEfFast cancer patients and in reducing the incidence of breag

elevation in endometrial cancer risk associated with hormon . N . .
l,c%ncer among women at increased risk, it remains an importart
t

botause they do not mclud any therapy after the it Gourse A 2PSUC OpUON for women with all stages of breast cancer a$
y y Py ell as for healthy women who are at increased risk of breas%

breast cancer cases classified in the tamoxifen group may h%\g cer

received other hormonal therapies in addition to or other than
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