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Introduction. Exogenous hormones may influence the develop-
ment of cervical adenocarcinomas. Incidence rates of adenocarci-
nomas and use of noncontraceptive hormones have increased since
the 1970s, but few studies have investigated this potential rela-
tionship.

Methods. We conducted a multicenter case—control study of 124
women with adenocarcinomas, 139 women with squamous cell
carcinomas matched on age, diagnosis date, clinic, and stage of
disease (in situ or invasive) to adenocarcinoma cases, and 307
healthy community controls who were also matched on age, eth-
nicity, and residence to adenocarcinoma cases. Participants com-
pleted in-person interviews regarding exogenous hormone use be-
fore diagnosis and other risk factors and volunteered cervical
samples for human papillomavirus (HPV) testing via a PCR-based
method. Odds ratios (ORs) with 95% confidence intervals (Cls)
estimated relative risks.

Results. Only 13 adenocarcinoma cases (10.5%), 7 squamous
carcinoma cases (5%), and 20 controls (6.5%) had used non-
contraceptive hormones for menopausal symptoms, irregular
periods, or disease prevention; most use was short-term,
former use. Ever-use was associated with adenocarcinomas
(OR = 2.1, 95% CI 0.95-4.6) but not squamous carcinomas
(OR = 0.85, 95% CI 0.34-2.1). No trends were seen with
duration of use or ages at first use, but unopposed estrogens
were positively associated with adenocarcinomas (OR = 2.7).
Unopposed estrogens remained associated with adenocarcino-
mas (OR = 2.0) when analyses were restricted to the HPV-
positive controls. Menopausal status was not associated with
adenocarcinomas or squamous carcinomas and did not modify
the other associations.

Conclusion. Although small numbers warrant tentative conclu-
sions, exogenous estrogens, especially unopposed estrogens, were
positively associated with adenocarcinomas. Noncontraceptive
hormones were negatively but weakly associated with squamous
carcinomas. © 2000 Academic Press
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INTRODUCTION

The extent to which nonviral factors interact with humar
papillomaviruses (HPV) in cervical carcinogenesis remain
unclear [1]. The presence of estrogen and progesterone rec
tors in the cervix [2] and in HPV-related cervical lesions [3]
suggests that the cervical epithelium may respond to exog
nous hormones and that these hormones might contribute to
development of carcinomas of the uterine cervix. Adenocarc
nomas of the uterine cervix constitute approximately 15% c
all cervical carcinomas [4] and appear to share some ri
factors with adenocarcinomas of the endometrium [5], whic
are strongly associated with use of exogenous hormones [
Increasing relative and absolute incidence rates of adenocat
nomas since the 1970s [7] coincide with increasing utilizatio
of exogenous hormones [8]. Few studies have considered ri
of cervical carcinomas among users of noncontraceptive hc
mones [9, 10]. We thus explored this issue in a case—contt
study of adenocarcinomas and squamous cell carcinomas of
uterine cervix.

MATERIALS AND METHODS

Study Population

This study was designed to evaluate risk factors for aden
carcinomas and to assess whether the risk factors for adel
carcinomas are similar to the risk factors for squamous carc
nomas. We briefly summarize the study methods, which a
described elsewhere [11]. The study received institutional r
view board clearance at the National Cancer Institute and
each participating clinical center. Women between the ages
18 and 69 who were newly diagnosed withsitu or invasive
primary adenocarcinoma of the uterine cervix, adenosquamo
carcinoma, or other rare histological types of cervical carc
noma with glandular involvement at one of six U.S. medica
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centers between 1992 and 1996 were eligible. We retrospdetection method [12] that uses the MY09/11 L1 consensl
tively identified women diagnosed between January 1992 apdmer system to individually discriminate 27 HPV genotype:
June 1994 (the date the study began) and prospectively determined HPV status, which was grouped according to tyy
cruited women diagnosed between July 1994 and March 199B1] after confirming HPV 16 status with a second set o
A panel of three pathologists performed a simultaneous micqaimers [13].
scopic review of adenocarcinoma cases and provided the study
diagnoses. Exposure Assessment

A _sample O.f women diagnosed with squamous carcinomas, o, reported their menstrual status at the interview ar
was included in this study to address potential referral bias a,[rp]cle date of last menstrual period. which d :

period, which were used to determi

to evaluate whether risk factors differ according to tumar
menopausal status at the reference date and age at menopa

histology. Using the same eligibility criteria, squamous C.arcfiespondents indicated whether they ever took noncontrace
noma cases were individually matched to adenocarcinoma

- . , . ; ive hormones before the reference date for relief of menc
cases on clinic, age at diagnosisy years), diagnosis date, an . . .

. . R . : . pausal symptoms, regulation of irregular menstrual periods,
stage of disease at diagnosis §itu vs invasive). Using ran-

o revention of diseases such as bone loss. We asked about p

dom-digit dialing, we generated a random sample of telephong L .
o shots, creams or suppositories, and patches and obtained d
numbers within the telephone exchange of each adenocarci- . : .
: of use for each. Aided by a photo book, pill users reported pi
noma case, enumerated all adult women in households at those . :
names and doses. Current use, duration of use, age at first

numbers, excluded women who reported a hysterectomy, an . ) : .

S . ime since first use, and time since last use were calculat
individually matched a healthy population control group to

. } . relative to the reference date, i.e., at least 1 year before die
adenocarcinoma cases at a 2:1 ratio on age (5 years), race, and_ . : : .

) . ; nosis in cases or interview in controls. We excluded twi
geographic region (i.e., telephone exchange).

adenocarcinoma cases for whom we could not determi
whether exposure preceded the reference date. Duration of t
was unknown for one adenocarcinoma case.

Participants completed personal risk factor interviews with Two hundred three women with adenocarcinomas wel
trained staff. To minimize the potential effect of disease onsetentified, but 27 chose not to participate, 2 were too ill tc
or diagnosis on exposures and to exclude recent cervical pgfticipate, 11 could not be located, 7 died before they could |
tologic screening (Pap smears) that led to their diagnosésirolled, and 10 could not be enrolled for other reasons. Fo
adenocarcinoma and squamous carcinoma cases reported ohhe 146 eligible cases could not be interviewed, while 1
exposures that occurred before a reference date, which wascéges diagnosed with cervical carcinomas that were not ac
months before their date of diagnosis. Controls were assignemtarcinomas were excluded from this analysis. Cervical sar
the reference date of their index adenocarcinoma case. Pappies were available from 116 of the 124 final adenocarcinon
ipants reported their usual adult weight and current height. cases. Two hundred fifty-five women with squamous carcinc

mas were identified, but 38 chose not to participate, 3 were t
HPV DNA Testing ill, 29 could not be located, 25 had died, 12 could not b

nrolled for other reasons, and 2 did not speak English. (

With consent, we collected both self-administered and ¢ 'ﬁese 146 remaining eligible cases, 139 completed the int

nician-administered samples of cervicovaginal cells from cases ; :
Y . view and 129 contributed a cervical sample. Four hundre
and controls. Self-administered specimens were collected wit . o .
) ) .seventy controls were identified, but 126 chose not to partic
Dacron swabs and stored in 1-ml specimen transport medium .

o . . S .. pate, 1 was tooill, 15 could not be located, and 21 could not t
(STM; Digene Corp., Silver Spring, MD). Clinician-adminis- -
tered samples were collected during pelvic examinations usi%nrolled for other reasons. All of these 307 eligible control

P gp cgmpleted the interview and 255 contributed a cervical sampl

two Dacron swabs, each stored in 1 ml STM. For pOpUIat'OH"ne final analytic group included 124 adenocarcinomasi{33
controls, cases who were sampled before treatment, and cases

. . . Sittrand 91 invasive), 139 squamous carcinomasi4stu and
whose treatment did not include removal of the entire cerviy, . :

L . . 1 invasive), and 307 community controls.
clinicians collected one specimen from the ectocervix and one

sample from the endocervix. For cases sampled after surgig?l - :

: . L atistical Analysis

treatment who no longer had an intact cervix, clinicians ob-
tained both Dacron swab specimens from the vaginal cuff.We used unconditional logistic regression in favor of con
Frozen specimens were regularly shipped to the National Calitional logistic regression to avoid loss of cases without .
cer Institute for storage and analysis. Controls visited the climeatched control and since controls were individually matche
from which their index adenocarcinoma case was recruited toradenocarcinoma cases but not to squamous carcinoma ce
data collection, but all participants had the option of an irf14]. Odds ratios (ORs) with 95% confidence intervals (Cls
home interview and sample collection. Home visits includeestimated the relative risk (RR) of adenocarcinomas or squ
self-administered samples only. A PCR-based reverse line hiobus carcinomas associated with use of noncontraceptive h

Interviews
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mones. We examined multiple combinations of confounding TABLE 1
and modifying variables, but no single confounder or combi- Percentage Distribution of Demographic and Other Factors for
nation of confounders dramatically altered the estimates cok4 YWomen with Cervical Adenocarcinomas (AC), 139 with Squa-
pared to the models that were adjusted for age and race ofig4s Cell Carcinomas (SCC), and 307 Controls

parsimonious models are presented. Clinic, a matching vari-

. . L . AC SCC Controls
able, was dropped from final models since it did not influence
the associations. The SAS system [15] computed all analysgge at reference date
<30 years 21.8 20.4 21.8
30-39 years 31.5 37.4 34.9
RESULTS
40-49 years 32.3 26.6 27.4
. 50-59 years 4.8 7.2 11.7
~Compared to controls, adenocarcinoma and squamous Cakgg years 97 8.6 46
cinoma cases reported lower incomes, more sexual partnetsnicity
and fewer recent Pap smears. Adenocarcinoma cases wef@ucasian-American 90.3 80.6 86.5
more likely and squamous carcinoma cases less likely to b&lon-Caucasian-American 9.7 19.4 135
: : H cation
Cauca3|an-Ame_r|can, and smoking was more common amo'ﬂjg’igh school graduate of less 361 576 346
squamous carcinoma cases (Table 1). Hormone use before thgyong high school 62.9 423 65.4
reference date was reported by 13 adenocarcinoma cas@$ehold income
(10.5%), 7 squamous carcinoma cases (5%), and 20 controls$30,000 35.0 48.6 27.4
(6.5%) and was associated with increased education, high&$30v0?0—$50i000 et 65.0 514 72.6
income, higher body mass index (kgiman earlier menarche, NumPer of sexual partners in lifetime 05 138 -
long-term (20 years) smoking, annual and recent Pap smears,_ 172 211 253
fewer recent sexual partners, later ages at last pregnancy, anchr more 62.3 65.2 41.0
HPV positivity, but not with prior use of oral contraceptive$ody mass index (kg/f)
(data not shown). Collection of cervical samples preceded~22 218 210 28.5
treatment for 31% of adenocarcinoma cases and 42% of squ%ijz ;i'g iég i?'g
mous carcinoma cases. Eighty-two percent of adenocarcinoma,; 371 33.6 29.9
and 73% of squamous carcinoma samples collected bef@ignber of Pap smears in past 10 yéars
treatment contained HPV DNA, whereas 38 and 42%, respeckess than 10 42.3 58.4 51.0
tively, of those collected after treatment contained HPV; 19%10;Jr more . 577 416 49.0
of the control samples contained HPV DNA. Adenocarcinom%’lgt_;smce most recent Pap sriear s16 475 65
were significantly associated with HPV types 18 and 16 (age4 or more 411 46.0 270
and ethnicity-adjusted OR for all cases vs controls: ©R1.7 Unknown 7.3 6.5 7.8
and 5.6, respectively; cases sampled before trea@tment.—OR:,remenopaus%lI 83.7 83.9 86.2
104.1 and 43.2, respectively). Squamous carcinomas WREra| menopause 0.8 124 128
more strongly associated with HPV type 16 than type 18 (a&llrgical menopause 4.1 3.7 0.0
cases: OR= 10.0 and 5.2, respectively; cases sampled befapgher medical reasons 2.4 0.0 1.0
treatment: OR= 38.0 and 2.3, respectively). Mean age at natural menopause (years) 46.8 46.4 48.7

Few participants were postmenopausal at the reference date;
but most of those who were had experienced natural meno=Relative to reference date.
pause. A few women were no longer having menstrual periodsb Menopausal status was unknown for 1 adenocarcinoma case, 2 squam
because of other medical reasons (e.g., ovarian failure or us§3fn°ma cases, and 3 controls.
other medications). Age at menopause was slightly but not
significantly different in cases compared to controls. Postiated with adenocarcinomas (Table 2). Adjustment for HP
menopausal status was not significantly associated with afigpes 16 or 18 vs all other types or HPV-negative), Pap sme
nocarcinomas (OR= 1.9, 95% CIl 0.6-6.0) or squamousfrequency (annual over the past 10 years vs less than annu
carcinomas (OR= 1.6, 95% CIl 0.55-4.4). Restriction tonumber of lifetime sexual partners<¢ vs =4), income
women between the ages of 45 and 55 to account for the strgrgh30,000 vs=$30,000), and menopausal status only slighth
correlation between age and menopausal status among younigereased these associations (ever-use=0R8; <3 months
or older women slightly diminished that OR for adenocarcin@f use, OR= 2.8; =2 years since last use, OR 2.9; unop-
mas (OR= 0.91, 95% CI 0.23-3.5) and squamous carcinomaesed estrogens, OR 2.1). Estrogen use was not associate
(OR = 1.0, 95% CI 0.32-3.2). with squamous carcinomas, and full adjustment had minim
Ever-use of estrogen pills (OR 2.1), use for less than 3impact on squamous carcinoma associations. Odds ratios
months (OR= 3.5), at least 2 years since last use (6R3.4), more than 12 months of use and recent last use were below
and unopposed estrogen use (6R2.7) were positively asso- but were each based on only one exposed squamous carcinc
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TABLE 2
Frequencies and Odds Ratios (ORs) with 95% Confidence Intervals (Cls) for Exogenous Estrogen (E) Use among Controls,
Adenocarcinoma Cases (AC), and Squamous Cell Carcinoma Cases (SCC)

AC SCC
Controls
N N OR* (95% CI) N OR® (95% CI)

Never used E 287 109 1.0 132 1.0
Used E 20 13 2.1 (0.95-4.6) 7 0.85 (0.34-2.1)
Duration of use

<3 months 5 6 3.5 (1.0-12.2) 4 2.0 (0.53-7.7)

3-12 months 5 2 1.3 (0.22-7.1) 2 0.80 (0.15-4.4)

>12 months 10 5 1.7 (0.52-5.6) 1 0.25 (0.03-2.0)
Age at first use

=40 8 7 2.4 (0.57-9.9) 4 0.79 (0.15-4.2)

>40 12 6 0.7 (0.06-8.0) 3 0.60 (0.06-6.0)
Years since last use

<2 13 4 1.2 (0.34-3.9) 1 0.19 (0.02-1.5)

=2 7 9 3.4 (1.2-9.5) 6 1.9 (0.62-5.9)
Unopposed E 10 10 2.7 (1.1-6.8) 4 0.86 (0.26-2.8)
E plus progestins 10 3 1.1 (0.26-5.0) 3 0.85(0.21-3.4)

Analyses restricted to HPV-positive controls
N N OR® (95% CI) N OR® (95% CI)

Never used E 44 109 10 132 1.0
Used E 5 13 1.1 (0.31-3.9) 7 0.49 (0.13-1.9)
Duration of use

<3 months 2 6 14 (0.23-8.4) 4 0.80 (0.13-5.1)

=3 months 3 7 0.90 (0.17-4.7) 3 0.28 (0.04-1.9)
Age at first use

=40 1 7 3.4 (0.39-30.1) 4 1.5 (0.15-15.5)

>40 4 6 0.39 (0.07-2.2) 3 0.22 (0.04-1.3)
Years since last use

<2 4 4 0.45 (0.08-2.6) 1 0.05 (0.01-0.71)

=2 1 9 3.0 (0.34-26.8) 6 2.3 (0.25-21.1)
Unopposed E 2 10 2.0 (0.39-10.7) 4 0.80 (0.13-5.1)
E plus progestins 3 3 0.29 (0.03-2.5) 3 0.28 (0.04-1.9)

@ Adjusted for age €30, 40—49, 50-59:=60) and ethnicity (non-Caucasian-American vs Caucasian-American).
® Reference group for the column.

case. Only one adenocarcinoma case and one squamous cafditPV on other risk factors is to assume that all cases we
noma case were current users, i.e., using hormones at HfeV-infected and exclude HPV-negative controls, since nor
reference date. Restriction to postmenopausal cases and @ofected women should be considered not at risk for cervic:
trols did not change the estrogen results for either adenocagarcinomas. Restricting the analyses to HPV-positive contro
nomas or squamous carcinomas. showed that ever-use of hormones was not associated w
Recognizing that small numbers make interactions difficididenocarcinomas (OR 1.1, 95% CI 0.31-3.9) or squamous
to evaluate, we addressed the potential interaction betwermcinomas (OR= 0.49, 95% CI 0.13-1.9; Table 2). Unop-
BMI and hormones through stratification. Hormones and adgesed estrogens remained positively associated with adenoc
nocarcinomas were not associated among thinner wonmanomas (OR= 2.0, 95% CI 0.39-10.7).
(BMI < 24 kg/nf; OR = 1.4, 95% CI 0.29-6.3) but were We stratified the case groups according to stage of disease
among heavier women (BMt 24 kg/nf; OR = 2.2, 95% CI diagnosis (carcinomi situ vs invasive carcinoma). Only one
0.84-5.6). There were opposite associations for squamaisthe exposed adenocarcinoma cases was diagnosed v
carcinomas (OR= 2.0, 95% CI 0.57-7.0 among thinner wom-adenocarcinoman situ, and the results for the 12 invasive
en; OR= 0.31, 95% CI 0.06-1.5 among heavier women). adenocarcinoma cases were similar to those for all cases (ev
An appropriate analytic approach for addressing the effectse, OR= 2.4, 95% CI 1.1-5.4). Three of the exposed sque
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mous carcinoma cases were diagnosed with carcinorsdu and to remove confounding by HPV, Pap smears, or oth
(ever-use, OR= 1.5, 95% CI 0.39-5.5) while four werefactors. The analyses restricted to the HPV-positive controls
diagnosed with invasive carcinomas (ever-use, ©R0.65, theory provide the most valid risk estimates, but also encou
95% CI 0.21-2.0). tered the problem of small numbers of exposed women. Tt
nature of most hormone use in this population—one-time ¢
DISCUSSION short-term use before menopause—suggests that constellati
of gynecologic symptoms or medical concerns that promj
These results demonstrate some positive associations tasmone use, rather than the use itself, may be associated w
tween adenocarcinomas and noncontraceptive hormoresdenocarcinomas. We did not ascertain individual reasons f
Menopause itself appears to have minimal influence on risk @fich exposure and were therefore unable to address this p
cervical adenocarcinoma, since few of the women diagnos&dility.
with adenocarcinomas in this study were postmenopausal aDur panel of three pathologists reviewed histologic slide
diagnosis. Adenocarcinomas have been increasing in intbm potential cases to reduce misclassification [22] of th
dence, especially in younger women [4], and the mean aged&ignosis of adenocarcinoma, a rare and clinically heterog
diagnosis of adenocarcinoma in this study was 40. neous tumor [23]. Selection of controls from the same gec
This analysis allowed us to evaluate the hypothesis [5] thgitaphic region should have decreased referral bias, but sel
cervical adenocarcinomas resemble endometrial carcinomas bias was possible if the 21% of eligible adenocarcinom
which are diagnosed almost exclusively in postmenopausalses, 26% of squamous carcinoma cases, and 27% of cont
women and result from estrogen excess [16]. The age distiho had died, were in poor health, or chose not to participa
bution of these adenocarcinoma cases, their menopausal statififered from participants on menopausal status or use
and the low prevalence and characteristics of estrogen usendmcontraceptive hormones. The squamous carcinoma ca
not support that hypothesis. However, the positive associatiaere included in this study to allow a comparison of the
for unopposed estrogen use and null association for combirdistribution of cervical cancer risk factors in adenocarcinom
estrogen—progestin regimens indicate a potential similarity beases and squamous carcinoma cases, and absence of pos
tween endometrial carcinoma and cervical adenocarcinomassociations in squamous carcinoma cases suggests, but c
We reasoned that hormones might be especially associated guarantee, that information bias due to study design
with the endometrioid histologic type of adenocarcinomas, boollection of exposure information likely does not account fo
only 2 of the 13 exposed adenocarcinoma cases were ditdge associations with adenocarcinomas.
nosed as such. In conclusion, we observed opposite associations for squ
There is biologic plausibility for an association betweemous carcinomas and adenocarcinomas. Negative associati
noncontraceptive hormones and cervical carcinortrasitro  for squamous carcinomas are consistent with the two publish
systems demonstrate HPV viral oncogene activation in te&dies on this topic. Adenocarcinomas are increasingly dia
presence of steroid hormones [17-19], amd/ivo data offer nosed at younger ages and in premenopausal women a
evidence that HPV-related cervical lesions contain estrogdrerefore, relative risks of 2.0 associated with noncontracepti
and progesterone receptors [3]. Their role in cervical adenmrmones would generate a low attributable fraction. Noneth
carcinomas, however, is unclear [20, 21]. less, these results are somewhat consistent with the theory t
Few data exist on noncontraceptive hormones and risk adenocarcinomas may resemble endometrial carcinomas.
cervical carcinomas. A case—control study of 645 women witegular bleeding usually implies endometrial carcinoma, bt
invasive cervical carcinomas (57% squamous cell carcinomasy results suggest that clinicians who examine women wt
18% adenocarcinomas, 25% undefined) and 749 hospital-based unopposed estrogens and experience irregular bleed
controls noted a significantly decreased risk of all cervicahould consider a complete evaluation of both the endom
cancers combined among hormone replacement therapy (HRT)m and the endocervix.
users; histology-specific associations were not presented [9].
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