Nos. 14-1418, 14-1453, 14-1505,
15-35, 15-105, 15-119 & 15-191

IN THE

Supreme Court of the United States

DAVID A. ZUBIK, ET AL.,

Petitioners,
V.
SYLVIA BURWELL, ET AL.,
Respondents.

[CAPTIONS CONTINUED ON INSIDE COVER]

On Writs of Certiorari to the
United States Courts of Appeals for the
Third, Fifth, Tenth, and D.C. Circuits

APPENDIX VOL. IT OF II OF AMICI CURIAE THE
OVARIAN CANCER RESEARCH FUND ALLIANCE
AND ITS PARTNER MEMBERS AND SCIENTIFIC

ADVISORS’ BRIEF IN SUPPORT OF RESPONDENTS

JESSICA L. ELLSWORTH*
Counsel of Record
JESSICA B. LIVINGSTON MICHELLE A. KISLOFF
HoGAN LOVELLS US LLP ANDREW S. FURLOW
1200 Seventeenth Street LOWELL M. ZETA
Suite 1500 HoGAN LovELLS US LLP
Denver, CO 80202 555 Thirteenth Street, N.W.
Washington, D.C. 20004
(202) 637-5886
jessica.ellsworth@hoganlovells.com

Counsel for Amici Curiae




PRIESTS FOR LIFE, ET AL., Petitioners,
A\

DEPARTMENT OF HEALTH & HUMAN SERVICES, ET
AL., Respondents.

ROMAN CATHOLIC ARCHBISHOP OF WASHINGTON, ET
AL., Petitioners,

V.
SYLVIA BURWELL, ET AL., Respondents.

EAST TEXAS BAPTIST UNIVERSITY, ET AL., Petition-
ers,

V.
SYLVIA BURWELL, ET AL., Respondents.

LITTLE SISTERS OF THE POOR HOME FOR THE AGED,
DENVER , COLORADO, ET AL., Petitioners,

V.
SYLVIA BURWELL, ET AL., Respondents.

SOUTHERN NAZARENE UNIVERSITY, ET AL., Petition-
ers,

V.
SYLVIA BURWELL, ET AL., Respondents.

GENEVA COLLEGE, Petitioner,
V.
SYLVIA BURWELL, ET AL., Respondents.



267a
APPENDIX N

EUROPEAN JOURNAL OF CANCER
46 (2010) 2275-2284

ORAL CONTRACEPTIVE USE AND BREAST OR OVARIAN
CANCER RISK IN BRCA1/2 CARRIERS: A META-ANALYSIS

S. lodice®”, M. Barile’, N. Rotmensz 2 |. Feroce”, B.
Bonanni °, P. Radice’, L. Bernard® P. Maisonneuve®, S.
Gandini 2

Abstract

Background: Women with BRCA1 or BRCA2 mutations
are at increased risk of breast and ovarian cancer. Ord
contraceptives (OC) use has been associated with a reduction
in ovarian cancer risk and with a moderately increased breast
cancer risk, which tends to level off in the few years after
stopping. The association between ora contraceptive and
BRCA1 or BRCA2 gene mutations carriersis unclear.

Methods. We performed a comprehensive literature search
updated to March 2010 of studies on the associations
between OC users and breast or ovarian cancer for
ascertained BRCAL1/2 carriers. We obtained summary risk
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estimated for ever OC users, for duration of use and time
since stopping.

Results: A total of 2855 breast cancer cases and 1503
ovarian cancer cases, carrying an ascertained BRCAL/2
mutation, were included in our meta-analyses, based on
overall 18 studies. Use of OC was associated with a
significant reduced risk of ovarian cancer for BRCA1/2
cariers (summary relative risk (SRR) = 0.50; 95%
confidence interval (Cl), 0.33- 0.75). We aso observed a
significant 36% risk reduction for each additional 10 years of
OC use (SRR: 0.64; 95% Cl, 0.53-0.78; P trend < 0.01). We
found no evidence of a significant association between OC
and breast cancer risk in carriers (SRR: 1.13; 95% ClI, 0.88—
1.45) and with duration of use. OC formulations used before
1975 were associated with a significant increased risk of
breast cancer (SRR: 1.47; 95% 1.06, 2.04), but no evidence
of a significant association was found with use of more
recent formulations (SRR: 1.17; 95% 0.74, 1.86).

Conclusions. OC users carrying an ascertained BRCA1/2
mutation have a reduced risk of ovarian cancer, proportional
to the duration of use. There is no evidence that recent OC
formulations increase breast cancer risk in carriers.

1. Background

There is clear evidence that germ line mutation in BRCA1
(MIM #113705) or BRCA2 (MIM #600185) account for a
large proportion of familial breast/ovarian cancer and confer
very high lifetime risks for both cancer sites.* Approximately
5-10% of al epithelia ovarian carcinomas result from
genetic predisposition” and the great majority of these are
associated with BRCA genes, as opposed to 25% of al
hereditary breast cancers.** The lifetime risk of breast or
ovarian cancer for women who inherited aBRCA mutation is
highly variable and depends on the specific mutation, on the
population studied and are extremely higher than the lifetime
risk in the general population.>™® In addition, there is
evidence that cancer patients with BRCA1 and BRCA2
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mutation are characterised by different pathological and
clinical features, some of which have prognostic value.*
Some studies demonstrated that breast cancers in BRCA1
carriers more likely do not express oestrogen and
progesterone receptors or Her-2/neu (triple-negative breast
cancer), while breast cancers in BRCA2 carriers seem to
share the same pathologic characteristics as non-carriers.*
Moreover, oral contraceptives (OC) use was associated with
an increased risk of cancer among triple-negative breast
cancer, but not among non-triple-negative breast cancer.’

In the general population long-term exposure to oestrogen
may increase a woman’'s chance of developing breast and
ovarian cancer. The level of estrogens is associated with the
repair capacity of breast and ovarian epithelia cells that may
result in tumour formations, instead of apoptosis.**™
Oestrogen levels are high in ovulating women and any factor
that limit the period of ovulation (pregnancy, late onset of
menstruation or early onset of menopause) decreases the
lifetime exposure to oestrogen and thus the risk for both
types of cancer.

The measures for ovarian cancer prevention and early
detection are limited as symptoms are frequently non-
specific, patients are often diagnosed with advanced disease
and family history of early-onset breast/ovarian cancer
remains the single most important factor in determining
individual ovarian cancer risk.*"

Some studies suggest that non-genetic risk factors may
differ in women with hereditary breast and ovarian cancer
caused by alterations in the BRCA1/2 genes. Breast cancer
typically occurs in these women at a much younger age, but
the risk is not influenced by the age at menarche and it isalso
unclear whether the relationship between parity, age at
menopause and breast cancer risk holds true in women who
have BRCA mutations.**

OC use has been associated with a moderately increased
breast cancer risk, which tends to decline progressively after
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termination of use and with areduction in ovarian cancer risk
for women unselected for predisposing genetic muta
tions, %%

The use of OC for mutation carriers could be controversia
because of the increasing breast cancer risk, especially early-
onset, and the contemporary protective effects for ovarian
cancer.

The present meta-analysis was conducted to examine and
clarify whether exogenous hormone in the form of OC might
modify the risk of breast or ovarian cancer in BRCA
mutation carriers. Furthermore we investigated the
association between specific mutation (BRCA1 or BRCA2)
and OC use for breast or ovarian cancers.

2.  Materialsand methods

2.1. Search strategy, inclusion criteria and data
abstraction

We conducted a literature search updated to March 2010
using validated search strategies®® on the following
databases: PUBMED, EMBASE, Ovid MEDLINE®, using
combinations of the following MeSH terms and keywords:
‘oral contraceptives’, ‘cancer’, ‘ovarian’ or ‘breast’,
‘BRCAY1 or ‘BRCA2. We aso identified the most cited
articles on the topic using I1SI Web of Knowledge® Science
Citation Index Expanded™ (Journal Citation Report). In
addition we reviewed the references of al articles of interest
and preceding reviews on the topic to identify additional
relevant studies. The search was limited to human studies and
no language or time restrictions were applied.

2.2. Meta-analysison theimpact of OC use on cancer
risk in mutation carriers

Our aim was to study the association between OC use and
the risk of breast/ovarian cancer in women carrying a
BRCA1/2 mutation.
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Published reports fulfilling the following inclusion criteria
were included in the meta-analysis:

(1) Studies containing the minimum information to
obtain an estimate of the relative risk (RR), with its
uncertainty, of:

(@ breast and/or ovarian cancer associated with OC use
in BRCA1/2 mutation carriers ascertained by a genetic test;

(b) ascertained BRCA1/2 mutation, in association with
OC usg, in patients with breast and/or ovarian cancer.

(2) Case—control, cohort studies and nested case—control
studies, published as origina articles.

(3 Independent studies. In case of multiple reports on the
same population or sub-population, we considered the
estimates from the most recent or most informative report.

(4) Study populations that were as homogeneous as
possible. We excluded study performed on subjects al
submitted to a surgical procedure (bilateral salphingo-
oophorectomy), which could have modified the association
between OC and cancer risk for affected.

(5) Case—controls studies with controls not directly tested
for the mutation were excluded by the analyses evaluating
cancer risk in BRCA1/2 carriers.

The exposure of interest was ever OC use, defined as any
duration of OC use lifetimes. In Tables 1 and 2 we detailed
definitions of the exposures as reported originaly by authors.

Tablel
Features of the studiesincluded in the meta-analysison
theimpact of OC use on cancer risk in mutation carriers

* * %

Table2
Features of the studiesincluded in the meta-analysison
association between of OC use and mutation statusin
cancer patients
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* % %

Presence of heterogeneous exposures was investigated in a
sensitivity analysis. We also explored duration of OC use,
time since last use and age at start use.

When available we used fully adjusted estimates. Articles
were reviewed and data were extracted and crosschecked
independently by two investigators (S.I. and S.G). Any
disagreement was resolved by consensus among them.

The following information were extracted and coded from
the origina articles. adjusted risk estimates or crude data,
year of publication, type of study, country of the study,
features of populations, definition of the exposure, cancer
site, mutation status, adjustments and matching variables
used in the analysis and study design. When dose-response
estimates on duration of OC use and time since last OC use
were provided, we retrieved the study-specific dose response
risk estimates and frequencies for each level of exposure.

Results from unpublished data obtained in our Institute
were also added in the meta-analysis and evaluated in a
sengitivity analysis.

2.3. Association between BRCAL/2 carrier status and

OC usefor breast or ovarian cancer patients

We dso studied the magnitude of the association between
BRCA1/2 mutation and OC use in patients with
breast/ovarian cancer in a case—case approach.

Fig. 1
Flow chart of selection of studies

* % %

3.  Statistical methods

When available, we retained estimates adjusted for the
maximum number of confounders.

We aways presented random effects models to evaluate
summary relative risk (SRRs) obtained with maximum
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likelihood estimates, in order to be more conservative.*
Homogeneity of effects across studies was assessed using the
Chi-sguare dtatistic (which we considered statistically
significant when the P-value was 60.10)* and quantified by
12, which represents the percentage of total variation across
studies that is attributable to heterogeneity rather than
chance.® When more than a single risk estimate was present
in a study (i.e. separate estimates for BRCA1 and BRCA2),
we adjusted the pooled estimates for intra-study variation.
When possible we performed separate analyses for type of
mutation by using a bivariate approach. Sub-group and meta-
regression analyses were carried out to investigate potential
sources of between-study heterogeneity.”® Many studies
reported estimates for first use of OC in or after 1975, when
dose of oestrogen in OC formulation was reduced
substantially. We performed meta-regression by year at start
OC, assuming that women who started their OC after 1975
have used low-dose OC.

In the dose—response anaysis, we considered duration of
OC use and time since last use as explanatory variables. In
pooling dose—response data, we took into account correlation
between RRs categories within the same study, using
Greenland and Longnecker method.*®

We aso studied the magnitude of the association between
BRCA1/2 mutation and OC wuse in patients with
breast/ovarian cancer with a case—case comparison.
Following this approach, cancer patients with the mutation
formed the ‘ pseudo-cases and patients without the genotype
formed the ‘pseudo-controls’ group. The two groups were
then compared with respect to the prevalence of each
exposure. The SRRs obtained reflects the association
between the exposure (OC use) and the genotype (BRCA1/2
mutation), assuming the independence of genotype and
exposure in the source population.

Sengitivity analysis was carried out in order to evaluate
whether overal results were influenced by a single or a group
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of studies.*’ Publication bias was evaluated by funnel plots
and quantified by the Egger's test.”®* All analyses were
performed with SAS Software using PROC MIXED (SAS,
8.02 for Windows, Cary, NC).*

Table3
Summary risk estimates of the association between OC
use and cancer risk in mutation carriers

* % %

4. Results

Details on the search strategy and the data extrapolation are
described in Fig. 1. The main characteristics of the studies
included in the analyses are shown in Table 1.

4,1. OC-associated breast cancer risk

The analysis was based on five studies (2855 breast cancer
cases, 2954 healthy carriers). Breast cancer risk estimates for
various categories of OC use are described in Table 3.

For BRCA1/2 carriers, we found that breast cancer risk was
not significantly increased by OC use (SRR = 1.13; 95%
confidence interval (Cl): 0.88-1.45). Similarly, no significant
association was found when we limited the analysis to
BRCA1 or BRCA2 carriers (Fig. 2 left).

There was no evidence of a dose—response relationship
with duration of OC use (P = 0.20).

The association between time since stopping OC use and
breast cancer was assessed basing on three studies and
overall 2109 cases. Compared to never users, BRCAL1/2
carriers who stopped OC at least 10 years before diagnosis
were at significant increased risk of breast cancer (SRR =
1.46; 95% CI, 1.07- 2.07). By contrast, no significant
association was observed for women who stopped OC use
within the last 10 years. Difference between the two
estimates was statistically significant (P = 0.03).

We also found that OC formulations used before 1975 were
associated with increased risk of breast cancer (SRR = 1.47;
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95% CI, 1.06-2.04). On the contrary no evidence of an
association was found with use of recent formulations (SRR
=1.17; 95% ClI, 0.74-1.86).

Fig. 2
Association between oral contraceptive (OC) useand
breast or ovarian cancer in BRCALl/2 carriers

* * %

4.2. OC-associated ovarian cancer risk

Overdl the meta-analysis was based on five studies (1503
ovarian cancer cases, 6315 healthy carriers).

In Table 3, we present risk estimates for ovarian cancer
associated with different exposures to OC. We found a
significant protective association between OC use and the
risk of ovarian cancer (SRR = 0.50; 95% ClI, 0.33-0.75).

When we performed separate analyses by type of mutation,
OC use was associated with a significant reduced risk of
cancer for both BRCA1 (SRR = 0.51; 95% CI, 0.40-0.65)
and BRCA2 mutations carriers (SRR = 0.50; 95% ClI, 0.29—
0.89) (Fig. 2 right).

We found a significant linear decrease in risk for carriers
with increasing duration of OC use: each additiona 10 years
of OC use the risk decreased by 36% (95% ClI, 22-47%, P <
0.01 for trend).

5.  Senditivity analysis, meta-regression and publication
bias

In this meta-analysis, the term ‘ever OC use’ was referred
to any use of OC reported during lifetime. This is a general
definition, which includes all meanings considered by the
authors. Haile’ included in that definition OC users for at
least 1 month, Heimdal®® for at least 3 months, while
Whittemore® evaluated OC users for at least 1 year. The
influence of these different definitions of exposure was
evaluated in sengtivity anayses with no substantia
differences for breast/ ovarian cancers risk.
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Among the studies included in the anaysis on breast
cancer, one study’’ has a very large weight. Similarly,
McLaugh-lin* could drive the analysis on ovarian cancer and
it is also the only study with no histological confirmation of
cancer diagnosis. Testing whether the exclusion of these
studies may have potentially biased the estimates, we did not
observe any changein the overall results.

In order to prevent from inclusion of prevalent cases, two
studies®* reported separate estimates limiting the cohort to
subjects with a diagnosis within 5 and 3 years since
diagnosis, respectively, in order to prevent from surviva
bias. We investigated the possible effect of inclusion of
prevalent cases performing the analysis including the
estimates form the cohorts restricted to incidence cases,
where the survival bias is likely to be smaller, without
marked change in breast (SRR = 1.10; 95% CI: 0.93-1.29) or
ovarian cancer estimates (SRR = 0.49; 95% CI: 0.32-0.75).

The core of our meta-analysis included case—controls, both
hospital and population based, and cohort studies. However,
we performed in a sengitivity analysis a separate anaysis for
case—controls and cohort studies, without any difference in
the estimates. Our main analysis on the effect of OC on
cancer for mutation carriers comprised only one cohort® for
breast cancer. Excluding the latter from the analysis the
summary estimate remains similar (SRR = 1.04; 95% CI:
0.79-1.38).

Some studies included patients who had undergone salp-
hingo-oophorectomy. Most of them presented estimates
adjusted for this effect or used it as a matching variable. We
performed separate analysis for studies taking into account
this risk modifier, with lower estimates for studies taking into
account this factor, but no differences in the estimates for
both breast and ovarian cancer (P = 0.19 and P = 0.19;
respectively).

No indication of publication bias was found when assessing
OC effect on both cancer sites: P-values from weighted Eg-
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ger’stest for funnel plot were 0.90 for breast cancer and 0.73
for ovarian cancer.

Since our analysis includes studies based on familial cancer
cases, we evaluated in breast cancer analyses whether there
was any difference between estimates adjusted or not for
family history. No difference was found between them
through meta-regression (P = 0.41). The estimates used for
ovarian cancer analysis were not adjusted for this factor.

6. Association between OC use and mutation statusin
cancer patients

Features of the studies included in the analysis are detailed
in Table 2. We evauated estimates from case—case
approaches to study whether mutation carriers were more
likely than non-carriers to use OC.

The estimates were based on a total of 241 breast cancer
cases and 371 ovarian cancer cases with a BRCAL/2
mutation. We found no significant associations between
BRCA1/2 mutation status and use of OC for breast/ovarian
cancer, even separately investigating the cancer sites and
mutations (Fig. 3).

7. Discussion

Our meta-analysis was based on 2855 breast and 1503
ovarian cancer cases with aBRCA 1/2 mutation. We found no
evidence of a significant increased breast cancer risk in OC
users overal, for recent formulation of OC and in the first 10
years after cessation.

Fig. 3
Association between BRCA1 and BRCA2 combined
carrier statusand oral contraceptives (OC) usein cancer
patients

* * %

Our outcomes differ from results obtained in a previous
pooled-analysis, based on 54 studies. The authors
investigated the association between OC use and breast
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cancer risk in the genera population, showing a significant
association between OC use and breast cancer. However, the
estimate in this pooled analysis was dightly above the unit
(RR = 1.07; SD = 0.02)* and the risk progressively declines,
disappearing during the 5 years after stopping. Our study on
mutation carriers was based on ever OC users, and it suggests
evidence of an increased risk of breast cancer of 46% only
for women who ceased OC use more than 10 years before
diagnosis. This increasing risk could be explained by the
effect of age as women who ceased in more distant time are
supposed to be older than recent quitters. To some extent
these results could also be explained by differences in OC
formulations: most women who stopped OC use 10 or more
years before diagnosis tend to have used higher dose
preparation. In fact, in our analyses OC formulations used
before 1975 (when drugs were likely to contain high doses of
hormones) were associated with a 46% increased risk of
breast cancer, on the contrary no association was found with
use of recent formulations.

We aso confirmed that carriers who use OC are at a
significant reduced risk of ovarian cancer. The reduction is
associated with ovarian cancer in a dosefresponse
relationship: risk is greater the longer women used OC.

The reduction in ovarian cancer risk of 50% for BRCAL1/2
carriers ever OC users was consistent with, and higher than,
the reduction observed in the general population: in a pooled
meta-analysis, based on 45 epidemiological studies, the
reduction observed for ever OC users was 27%. Similarly, in
our results the overal risk decreased by a 20% for mutation
carriers for each five years of use, consistent with the 20%
reduction observed in the general population.?®

We carried out a separate analysis by type of mutation,
based on the rationale that cancer patients with BRCA1 and
BRCA2 mutation are characterised by different cancer
subtypes in terms of oestrogen, progesterone or Herb2 status.
In fact we could suppose that the risk for triple negative
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breast cancer, which is more frequent in BRCA1, due to
hormonal risk factors, such as OC use, could be higher.***®
However, we did not find significant differences between
BRCA1 and BRCA2 mutation carriers.

We also conducted a separate meta-analysis to determine
whether OC use differs in breast/ovarian cancer cases with or
without a mutation. Oral contraceptive use was not
significantly more common for carriers compared with cases
without any mutation.

Relative risk estimates of case—case approach are based on
the assumption of independence between presence of a
mutation and OC. This seems to be reasonable in al studies
we included in the analyses, even if there may be a
possibility of a violation of this assumption. If there were a
positive association between genotype and exposure in the
underline population, this could lead to some bias in the
estimates, when compared to the ratio of the relative risk that
the authors are attempting to estimate. Only analyses on
case—controls and cohort studies would address this
limitation. Therefore, we based our conclusions mainly on
the latter results.

Studies included in the analyses are based on different
study designs and analyses, different types of mutations and
baseline cancer risk. We investigated how these aspects
could have influenced the estimates through subgroup
analyses and meta-regressions.

The studies that formed the basis of our meta-anaysis
included case—controls, both hospital and population based,
and cohort studies. We found no difference in the estimates
obtained from separate analyses on case—controls and cohort
studies.

Some studies included patients who had undergone salp-
hingo-oophorectomy, a cancer prevention strategy that could
have an impact on the magnitude of the protection afforded
by oral contraceptives use. Most of these studies presented
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adjusted estimates for this effect or used it as a matching
variablee. We evaluated whether this could have
overestimated the protective association, performing separate
analysis for studies taking into account this risk modifier,
with no differences in the estimates for both cancer sites.

One possible source of bias is that the studies we included
in the analyses reported different definitions of exposure. In
fact, the mgority of the authors defined ever OC users as
women with any duration of use. We investigated differences
in the estimates by types of definitions reported by the
authors and we found no substantial variations.

Another possible limitation of the present anaysis could
arise from the inclusion of prevalent cases which may result
in survival bias. If OC use is associated with a higher
mortality in women with breast or ovarian cancer, the
selection of prevalence cases might operate to reduce the
risk. However, the investigation of heterogeneity and
sensitivity analyses did not show any substantial effect of this
factor, suggesting that survival bias was limited.

Most of the published evidence related to BRCAL1/2 was
based on large families with many individuals affected by
breast/ovarian cancer. Because family members share
heritable and probably environmenta factors, it is possible
that an amount of cancer cases diagnosed in these families
may be partly due to other genetic or environmental factors.

Moreover, the inclusion of studies conducted on members
of families with multiple cases of cancer may bias the risk
estimates as oral contraceptives use in these carriers may not
pertain to the general population of carriers. However, the
study with the highest weight, used for breast cancer
analysis®’ selected participants from previous trias and
research protocols; therefore, cohort selection from clinica
genetic centres should not be the main issue of thisanalysis.

There has been a change in the formulation of OC over the
past several decades. In the recent formulations there is a
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substantial reduction in the oestrogen content. Typica
oestrogen doses in the 1960s were more than double the
typical doses in the 1980s and later, so that recent
formulations may be considered less hazardous than the
older. Calendar year (before or after 1975) is used in many
studies as an indicator of the average oestrogen dose of the
preparations. We found that OC formulations used before
1975 were associated with increased risk of breast cancer. On
the contrary no association was found with use of recent
formulations.

This is the first meta-analysis addressing breast or ovarian
cancer risk for OC users for BRCAL/2 carriers. The study
involved overall 5809 and 7818 mutation carriers in the
analysis on breast and ovarian cancer, respectively. The main
strength of our meta-analysis is the large number of cases
included, with a known mutation in one of the BRCA1 or
BRCA2 genes, and the posshbility to investigate the
association with duration of use, age at start, time since
quitting and calendar time.

Even if the ideal would be to present al the estimates of
risk by types of mutation, we could not carry out all our
analyses by BRCA status because many authors presented
only estimates for BRCA carriers combined, presumably due
to limited statistical power.

Another possible limitation of this meta-analysisis the lack
of published prospective studies. In fact al but two
retrospective cohort studies were case—controls, and even if
we try to investigate the effect of study design, we were not
able to completely address the issue of potential presence of
recall bias. However, in the pooled analysis on observational
studies, there was no difference in the association of OC use
with breast cancer between prospective cohort studies and
case— controls studies.

Our investigation of the potential effect of different study
designs and adjusting factors did not show any impact on the
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summary estimates, however, possible sources of
unexplained bias could remain and influence our results.

Our meta-analysis provides evidence that OC reduces
ovarian cancer risk and no evidence that recent formulation
of OC increases breast cancer risk for women with a germ
line mutation in BRCA1 or BRCA2.

Further prospective studies on carriers may have to confirm
our results and could also evaluate the additive effect of post-
hormone use or types of OC that we could not deeply
investigate in this setting.
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The Problem of Ovarian Cancer

Ovarian cancer remains the most letha gynecologic
malignancy in the United States, both in rate of fatality (64
percent of patients ultimately die of their disease [1]) and in
overal deaths (14,270 in 2014 [2]). Although 50-75 percent
of patients treated with chemotherapy initially respond to the
medications, most will have recurrences of the disease [1].
The driving force behind the poor survival rates is the stage
at diagnosis. Approximately 65 percent of patients present
with widespread (stages Ill or 1V) disease, at which point
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cure is uncommon [2]. For patients with stage | disease, on
the other hand, five-year survival rates exceed 90 percent [2].

One reason that most patients are diagnosed at late stagesis
that the clinical symptoms of ovarian cancer usualy do not
become apparent until the disease has disseminated
throughout the peritoneal cavity. Although multiple attempts
have been made to develop screening programs aimed at
detecting early-stage disease, current screening methods are
fraught with low sensitivity and specificity, high false-
positive rates, and an unfavorable balance between the risks
of early intervention and the benefits of cancer risk reduction
[2—4].

Attemptsat Ovarian Cancer Screening

Because the clinical symptoms of ovarian cancer are vague
and often appear late in the course of disease, numerous
attempts have been made to initiate screening programs to
identify preclinical disease in asymptomatic women [3].
Some methods for screening include pelvic examination,
ultrasound, and blood testing. The Prostate, Lung, Colorectal,
and Ovarian (PLCO) Cancer Screening Randomized
Controlled Trial found that screening did more harm than
good with respect to ovarian cancer [3]. Specificaly, study
subjects underwent unnecessary surgeries that did not
diagnose ovarian cancer and were associated with
intraoperative and postoperative complications. The United
Kingdom Collaborative Trial of Ovarian Cancer Screening,
published in 2015, found that serial testing of the cancer
antigen (CA) 125 protein, interpreted according to the Risk
of Ovarian Cancer Algorithm (ROCA), and ultrasound were
better at detecting ovarian cancer than a single threshold CA
125 test [5]. Ultimately, screening for ovarian cancer is not
ready for application outside of clinical trials because the
results have not been validated in independent cohorts.
Clinicians must maintain a high index of suspicion, i.e.,
consider ovarian cancer a likely possibility, to clinicaly
diagnoseit.
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Due to the absence of an effective screening algorithm for
assessing risk or clinical symptoms that develop with early-
stage disease, primary prevention strategies are crucia for
reducing ovarian cancer-related deaths.

Experience from Hereditary Breast and Ovarian Cancer
Syndromes

Identifying patients at increased risk for ovarian cancer is
key to prevention, early detection, and, ultimately, improving
survival. Those with BRCA1 mutations have a 3946 percent
lifetime risk of ovarian cancer, those with BRCA2 mutations
have a 1027 percent risk, and up to 24 percent of those with
Lynch syndrome will develop ovarian cancer [6]. At this
time, the best tools that clinicians have for ovarian cancer
prevention are a thorough family history and testing
appropriate patients for genetic susceptibility [7]. The
Society of Gynecologic Oncologists (SGO) policy statement
on genetic counseling says unaffected individuals with
increased risk—i.e., relatives with ovarian cancer; a family
history suggestive of Lynch syndrome based on Amsterdam
Criteria or Bethesda Guidelines, known mutations in the
family or a family member diagnosed with breast cancer
before age 45; multiple breast cancers, male breast cancer,
pancreatic cancer, or aggressive prostate cancer (with a
Gleason score of 7 or above)—should be referred for genetic
counseling and, potentially, testing for germline mutations in
BRCA [7]. If BRCA mutations or Lynch syndrome are
identified, the National Comprehensive Cancer Network
(NCCN) recommends removal of both falopian tubes and
ovaries between the ages of 35 and 40, based on the
particular mutation carried. CA 125 tests and pelvic
ultrasound have been considered, but there is not sufficient
evidence that these tests are sensitive or specific enough to
obviate the need for surgery [8].

Fallopian Origin and Prevention of Ovarian Cancer

A proposed model for ovarian carcinogenesis arising in the
fallopian tube has emerged over the last decade [9, 10]. This
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tubal-origin hypothesis has gained traction with identification
of pre-invasive lesions in the fallopian tubes of high-risk
patients undergoing risk-reducing surgery [10]. Thus,
bilatera salpingectomy with ovarian conservation was
proposed as a “middle-ground” method of primary
prevention, with the benefit of removing potential tissue of
origin and without the risks of surgica menopause. This
method has been proposed for clinical trials in high-risk
patients, but results are not currently available [11]. The SGO
in 2013 published a clinica practice statement
recommending that a bilateral salpingectomy should be
considered “at the time of abdominal or pelvic surgery,
hysterectomy, or in lieu of tuba ligation” [12]. The
American College of Obstetricians and Gynecologists
(ACOG) had a more tempered statement, saying that
salpingectomy should be considered for population-risk
patients, i.e., those without increased risk based on persona
or family history, but they were clear that the approach to
pelvic surgery, hysterectomy, or sterilization should not
change ssimply to increase the chances of completing bilateral
salpingectomy [13]. Both of these statements were more
conservative than the proposed plan of the British Columbia
Ovarian Cancer Research Group program, instituted in 2010,
which involved performing opportunistic salpingectomy with
benign hysterectomy or in lieu of bilateral tubal ligation for
permanent contraception. These authors suggested that this
approach would yield a 20— 40 percent population risk
reduction for ovarian cancer over the next 20 years [14].

The estimated risk reduction for any individua person
undergoing opportunistic salpingectomy is up to 50 percent
[14]. Although this is an appreciable benefit, it must be
tempered with a reminder that women at population risk of
ovarian cancer have only a 1:70 or 1.4 percent lifetime risk
[14]. The significant benefits of opportunistic sal pingectomy,
besides the risk reduction, are the ease and speed of the
procedure, the rarity of complications, the convenience of
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removing the specimen, and the fact that surgical removal is
theoretically the only way to permanently reduce the risk of
ovarian cancer [15] (although bilateral tubal ligation without
salpingectomy has also been associated with decreased risk
[16]). Whether salpingectomy is more beneficial than tubal
ligation has not been established.
Unresolved Questions

Despite the popularity of salpingo-oophorectomy as a
method of reducing risk of ovarian cancer, data from the
Nurses Health Study suggest that oophorectomy before age
47.5 years may be associated with increased risk of death
from other causes, such as cardiovascular disease [4], and
that the actual permanent risk reduction with salpingectomy,
as opposed to the theoretical 50 percent reduction [14], is nhot
entirely clear.

Numerous questions remain regarding the optimal timing
of salpingectomy, as the timespan during which the ovaries
are susceptible to induction of cancer from the fallopian
tubes is certainly not infinitely large. A Dhilateral
salpingectomy at age 30 is logically more effective at risk
reduction than the same surgery at age 60. Unfortunately, the
relationship between time and risk reduction has not been not
characterized, and prospective studies of the effect of age at
sal pingectomy on risk reduction would require prohibitively
large cohort sizes and long follow-up periods. Similarly,
there are other commonly accepted interventions associated
with risk reduction, including oral contraceptive pill use and
breastfeeding [2, 15, 16]. It is not known how salpingectomy
and ora contraceptive pill use interact with one another,
although presumably women with a history of bilateral
salpingectomy will use birth control pills less frequently,
given that the prevention of unintended pregnancy is no
longer a concern.

Another unresolved question is whether salpingectomy
should be used instead of tubal ligation for a “two birds with
one stone” approach to sterilization and risk reduction.
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Caution should be exercised when choosing salpingectomy
over tuba ligation for sterilization, not because of the
inability to reverse sal pingectomy—tubal ligation also should
not be performed on women who may desire future
childbearing, and in vitro fertilization is a viable method of
achieving pregnancy after salpingectomy or tubal ligation
[17]—but because “low-risk” surgery does not equa “no
risk.” We should be cautioned by prior experience with
opportunistic appendectomy at the time of cesarean section
or hysterectomy [18]: with opportunistic appendectomy,
stump leaks, bleeding, and infection were all possible.
Furthermore, salpingectomy increases the length of the
operation, and length of surgery has consistently been
identified as an independent risk factor for postoperative
morbidity [19-23], so even an opportunistic salpingectomy
can increase some risks.

Another issue is that payers may be reluctant to authorize
the charges for risk-reducing procedures, given the number
needed to prevent a single case of ovarian cancer. The
theoretical number needed reported by Kwon and colleagues
in 2015 was 273 for sadpingectomy a the time of
hysterectomy and 366 for salpingectomy in lieu of other
tubal occlusion methods for sterilization [14]. Although these
numbers are on the same order of magnitude as the number
needed to vaccinate with the human papilloma virus vaccine
in the United States [14], the costs associated with
vaccination are less than the costs of salpingectomy.

Conclusions

Ultimately, we think ACOG’s recommendation of a
discussion about risks and benefits of removing both
fallopian tubes at the time of hysterectomy is reasonable.
However, we cannot place enough importance on the
statement, “the approach to hysterectomy or sterilization
should not be influenced by the theoretical benefit of
salpingectomy” [13]. In the absence of results from
prospective studies, which will not be available for decades,
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fallopian tubes should be removed when a convenient
opportunity arises, but extensive surgery should not be
attempted just for that purpose.
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End Results (SEER) registry database and we explore to what
extent the observed decline in mortaity can be explained by a
downward shift in the stage distribution of ovarian cancer (i.e.
due to early detection) or by fewer cases of ovarian cancer (i.e.
due to a change in risk factors). The proportion of localized
ovarian cancers did not increase, suggesting that a stage-shift did
not contribute to the decline in mortdity. The observed decline
in mortaity paradleled a decline in incidence. The trends in
ovarian cancer incidence coincided with temporal changesin the
exposure of women from different birth cohorts to various
reproductive risk factors, in particular, to changes in the use of
the ora contraceptive pill and to declining parity. Based on
recent changesin risk factor propensity, we predict that the trend
of the declining age-adjusted incidence rate of ovarian cancer in
the United States will reverse and rates will increase in coming
years.

© 2015 Elsevier Inc. All rights reserved.
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|. Introduction

Ovarian cancer accounts for 3% of al cancersin women, but
is overrepresented in terms of cancer deaths (5%). In 2014, in
the United States, 21,980 women were diagnosed with ovarian
cancer and 14,270 women died of it [1]. Ovarian cancer is
primarily a disease of postmenopausa women; approximately
70% of cases and 85% of ovarian cancer deaths occur after
age 55 [2]. A woman who is diagnosed with breast cancer at
age 70 is likely to die of another cause [3] — in contrast, if a
woman is diagnosed with ovarian cancer at age 70, thereis an
80% chance that the cancer will cause her death [4]. Thisis
because the fatality rate is high (70%) and because 80% of
deaths occur within five years of diagnosis [4]. As the
American population ages and expands [5], the annual number
of ovarian cancer cases is expected to rise. In order to reduce
the burden of ovarian cancer in the population, it is necessary
to prevent deaths across the age spectrum, and in particular,
deaths in older women.

The modern era of ovarian cancer therapy began in 1977
with the introduction of cis-platinum. Nowadays, over 60% of
women with invasive ovarian cancer are treated with debulking
surgery and with a combination of a platinum agent and a
taxane [6]. Since 1975, the mortdity rate for ovarian cancer in
the USA has declined by 23% [7]; it is tempting to conclude
that the decline was the consequence of chemotherapy, but
before doing so, it is prudent to explore alternative
explanations. In the first two parts of the three-part series, we
examine SEER rates of ovarian cancer incidence, case-fatality
and mortality, with reference to calendar year, age and tumour
stage, and we consider possible reasons for the observed
decline in mortality. In Part I, we consider if the decline was
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due to a reduced number of cases (through changing trends in
elective oophorectomy and/or in reproductive risk factors) or
was due to a downward stage shift at presentation (through
screening or better awareness). In part |1, we consider if the
decline in mortality was due to new and better treatments [8].
In part 11, we discuss potential approaches for reducing
ovarian cancer mortadity in the future, through prevention,
early detection and treatment [9)].

Mortality rates describe the number of deaths from ovarian
cancer in agiven year, relative to the size of the population. A
decline in mortality may reflect a reduction in the number of
women diagnosed with ovarian cancer (incidence) or a
reduction in the proportion of ovarian cancer patients who die
from their disease (case-fatality). After a decline in incidence
or in casefatdity, there will be a corresponding decline in
mortality following alag period of severd years.

The Survelllance, Epidemiology, and End Results (SEER)
registry has reported incidence, case-fataity and mortality data
for 26% of the United States population since 1975 [7]. The
use of standardized (versus crude) rates removes the effect of
any changesin the age distribution of the underlying population
in order to facilitate comparisons over time. All age-adjusted
incidence and mortdlity rates are standardized to the 2000
United States population (the standard population) and are
expressed in terms of cases per 100,000 women per year. We
complement the SEER data anaysis by cross-referencing other
data sources which compile information on reproductive risk
factors and oophorec-tomies. Information on the use of oral
contraceptives, parity, breast-feeding and tuba ligations was
abstracted from questionnaires that were completed by 2000
North American women without ovarian cancer who attended a
clinic agppointment for BRCA genetic testing a our research
laboratory and were found to be negative for mutations in
BRCAL/2. Oophorectomy data were obtained from the
National Hedlth Discharge Survey database maintained by the
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Centers for Disease Control and the National Center for Health
Statistics.
2. Trendsin mortality

From 1975 to 2011, in the United States, the age-adjusted
mortality rate from ovarian cancer declined by 23%, from 9.8
per 100,000 per year to 7.5 per 100,000 per year. The rate
declined by 8% from 1975 to 2001 and by 17% from 2002 to
2011 (Fig. 1).

The 23% decline in the age-adjusted mortdity rate is an
indication that progress has been made; however, it does not
reflect the actual burden of the disease in the United States.
The total number of ovarian cancer deaths in a given year is
influenced by the age-specific mortality rates, as well as by the
age-distribution and the size of the population at risk The
unadjusted (i.e. crude) mortality rate is caculated by dividing
the total number of ovarian cancer deathsin a given year by the
total number of women in the population. From 1975 to 2011,
the crude mortdlity rate fell by only 2% (from 93 per 100,000
per year to 9.1 per 100,000 per year) (Fig. S1). That is, the
aging of the femae population between 1975 and 2011 has
offset the decline in age-specific mortdity rates. From 1975 to
2011, the total number of ovarian cancer deaths in the United
States increased by 38%, from 10,367 deaths to 14,323 deaths,
despite the 23% reduction in the age-adjusted mortdity rate.

The trends in age-adjusted mortality differed for women in
different age groups (Fig. S2). From 1975 to 2011, for women
from ages 50 to 64, the mortality rate declined continuously
(by 44.7%). For women between ages 65 to 74, the mortality
rate first increased (by 9.2% from 1975 to 1991) and then
declined (by 22.8% from 1991 to 2011). For women ages 75
and older, the rate increased by 43% from 1975 to 2002 and
then declined (by 123% from 2002 to 2011).

Trends in age-specific rates may be attributable to period
and/or cohort effects. A period effect results from the
introduction of a change that affects the risk of an entire
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population simultaneoudly, irrespective of age. A cohort effect
compares the lifetime experiences of individuas grouped by
year of birth. For example, women who were 50 years of age
in 1975, 65 years of age in 1990 and 75 years of age in 2000 all
belong to the same birth cohort — the first women exposed to
the oral contraceptive pill, which was introduced in 1960 [10].

3. Trendsin incidence

Incidence rates describe the number of women who are
diagnosed with ovarian cancer in a given year, relative to the
size of the population. Incidence rates are calculated by
dividing the number of cases by the population at risk. Only
people with ovaries are at risk for developing ovarian cancer
(i.e. males are not included in the denominator of ovarian
cancer rate caculations). Women who have had their ovaries
removed are aso, by definition, not at risk for ovarian cancer,
but these women are not excluded from the population at risk
in SEER incidence and mortality rates. Changes in the
proportion of women in the population with intact ovaries may
therefore influence trends in ovarian cancer incidence and
mortality. Incidence rates differ from mortality rates because
not all women who are diagnosed with ovarian cancer will die
fromit. If a particular factor affects the incidence of ovarian
cancer, the impact on the number of ovarian cancer deaths will
not be seen until severa yearslater. Thelag period between a
change in incidence and a change in mortality reflects the
survival times of the patients (i.e. from diagnosis to death).

The observed trends in ovarian cancer incidence parallel the
trends in ovarian cancer mortality. From 1975 to 2011, the
age-adjusted ovarian cancer incidence rate fell by 26%, from
163 per 100,000 women per year to 12.1 per 100,000 women
per year (Fig. 2). Ovarian cancer incidence declined by 3.4%
from 1975 to 1991 and by a further 23% from 1991 to 2011.
The decline, which began in 1991, was followed by a decline
in mortality about 10 years later.

The trends in incidence varied for women from different age
groups (Fig. S3). From 1975 to 2011, ovarian cancer incidence
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in women ages 50 to 64 years fell by 13.5 per 100,000 per year
(arelative decline of 36%). Incidence in women ages 65 to 74
rose by 8.6 per 100,000 per year from 1975 to 1985 (arelative
increase of 17%), and then fell by 18.4 per 100,000 per year
from 1985 to 2011 (a relative decline of 31%). Incidence in
women ages 75 and older rose by 14.8 per 100,000 per year
from 1975 to 1993 (a relative increase of 31%) and 133 per
100,000 per year from 1993 to 2011 (arelative decline of 21%).
The decline in incidence in women ages 65 and older suggests
that the reduction in ovarian cancer deaths is the result of a
reduction in cases of ovarian cancer (surprisngly, in 1984 and
1985, the age-specific incidence rates were higher in women
ages 65 to 74 than in women ages 75 and older. This is
unexpected, given that incidence rates for ovarian cancer
typically increase monotonicdly with age (Fig. 3). This
trandgent reversa in 1984 and 1985 may be an artifact of
sampling error or smal sample sze rather than a true increase
in incidence. It might aso reflect changing constdllations in
risk factor propensity for ovarian cancer).
Fig. 1
Ovarian cancer mortality rates, United States, 1975t0 2011
(age-adjusted).

* * %

In 2011, the incidence rate of ovarian cancer in the United
States pesked among women ages 80 and older (Fig. 3),
whereas the incidence count of ovarian cancer (i.e. the actua
number of new ovarian cancer diagnoses) peaked among
women ages 60 to 64, and then declined (Fig. $4). Women
who were 60 to 64 years old in 2011 were born between 1946
and 1950, and represent the first born of the baby boom
generation. After age 80, women tend to die of other causes
and the at risk population becomes smaller.

4. Early detection

If the decline in ovarian cancer mortdity were attributable to
improvementsin early detection (i.e. through screening or better
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awareness) we would expect to see a stage-shift in disease a
presentation. Ovarian cancer may be diagnosed because of
symptoms (e.g. abdomina pan) or sgns of disease (eg.
distended abdomen), or as a consequence of a postive
screening test in an asymptomatic woman (i.e. abnorma pelvic
examination, serum CA125 concentration or trans-vagina
ultrasound). The definitive diagnosis of ovarian cancer
requires histological confirmation; the conventional date of
diagnosisisthe date of surgery.

Fig. 2
Ovarian cancer incidence and mortality rates
(age-adjusted).

* * %

Fig.3
Age-gecific ovarian cancer incidencerates,
by age, 2011.

* % %

In the SEER database, between 1975 and 2011, ovarian
cancers were classified as either localized, regional or distant,
based on the extent of cancer present at the time of surgery
(i.e. stage at diagnosis). Localized disease (stage 1) refers to
ovarian cancer that is confined to the ovary, regional (stageIl)
refers to ovarian cancer that is confined to the pelvic tissues
(uterus, fallopian tubes, ovaries or other intra-peritonea
tissues), and distant (stage 111/1V) refers to ovarian cancer that
has spread beyond the pelvic tissues (i.e. retroperitonead
lymph nodes, peritonea cavity, liver, spleen or pleura
effusion). The goals of staging are to aggregate patients into
groups who have a similar prognosis and who require a
similar approach to treatment, and to facilitate comparisons
over time.

Statistical cure is defined as the point in time following
diagnosis when the mortality rate from ovarian cancer is the
same as the mortality rate of women in the genera
population. Ovarian cancer patients who survive for 12 years
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may be considered cured [11]. In the following pages, the
term “cure rate” refers to the proportion of patients who are
alive 12 years after diagnosis. The cure rate for patients with
localized ovarian cancer is 88%; however, most patients
(65%) present with distant-stage ovarian cancer, and for them
the cure rate is 18% (SEER database).

It is hoped that the proportion of women who are diagnosed
with early-stage ovarian cancer (and who are ultimately cured)
might be increased through screening (i.e. by identifying pre-
Ssymptomeatic ovarian cancer), through increased awareness (i.e.
by reducing the time from first symptoms to doctor visit) or
through better diagnostic methods (i.e. by reducing the time
from first doctor vist to pathologic confirmation of ovarian
cancer). If ovarian cancer screening has contributed to the
observed decline in mortaity, we would expect to see an
incresse in the incidence of localized ovarian cancer and a
decrease in the incidence of distant ovarian cancer (i.e. a stage-
shift). From 1975 to 2011, the incidence of locaized ovarian
cancer fell by 1.5 per 100,000 per year (a reative decline of
35%), the incidence of regiond ovarian cancer fell by 0.1 per
100,000 per year (arelative decline of 8%), and the incidence of
distant ovarian cancer fell by 2.1 per 100,000 per year (a
relative decline of 22%) (Fig. 4). The incidence of ovarian
cancer has declined at al stages; therefore it is unlikely that
screening has had a significant impact on ovarian cancer
rates.

An increase in the incidence of early-stage ovarian cancer
without a proportionate decline in late-stage ovarian cancers is
an indicator of overdiagnosis, i.e. the detection of low-risk
cancers that might never become clinicaly apparent in the
absence of screening (and rarely lead to death). For ovarian
cancer, the detection of borderline tumours through screening
may be considered examples of overdiagnosis; in general, these
cancers do not progress into high-grade or advanced-stage
tumours [12]. The absence of a significant increase in the
incidence of localized ovarian cancer through screening
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precludes overdiagnosis. Further, there is no evidence that
invasive ovarian cancers, however smadl, regress
spontaneoudly.

Severa randomized control trids have shown that screening
asymptomatic women using transvaginad ultrasound and
CA125 can detect a significant proportion of ovarian cancersin
pre-clinicd and early stages [11,12]; however, no screening
protocol has yet been shown to reduce the number of advanced
stage diagnoses or the number of ovarian cancer deaths [13].
Other gpproaches to ovarian cancer screening that are being
evaluated include the use of seria CA125 measurements (e.g.
the Risk of Ovarian Cancer Algorithm) [14] and the addition of
other bio-markers (eg. Human Epididymis Protein 4) in
combination with CA125 [15]. The United States Preventive
Services Task Force currently recommends against screening
for ovarian cancer in asymptomatic women at average risk [16].

The symptoms of ovarian cancer are non-specific (eg.
bloating, pelvic pain or bowel irregularities) and patients and
doctors may overlook their potentid significance.
Retrospective studies have reported delays of four to six
months from symptom onset to a diagnosis of ovarian cancer
[17-19]. Delays attributable to the patient and the doctor are
roughly equal; about 70% of patients present with symptoms to
their doctor within two months of first symptom onset, and
about 65% of patients are diagnosed with ovarian cancer within
two months after presenting with symptoms to their doctor.
There has recently been an impetus to increase awareness of
ovarian cancer symptomsin an attempt to reduce the time from
first symptoms to diagnosis with the hope of improving ovarian
cancer surviva rates[20].

If formal efforts to increase awareness are successful, there
should be an increase in the proportion of cancers diagnosed at
an early stage. However, from 1975 to 2011, the proportion of
patients with localized ovarian cancer declined from 29% to
25% (Fig. S5). This indicates that early diagnosis through
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better awareness has not contributed to the observed declinein
mortality.

Fig. 4
Ovarian cancer incidencerates, by stage at diagnosis, 1975to
2011 (age-adjusted).

* * %

It has recently been proposed that early detection of ovarian
cancer should drive towards the diagnosis of low-volume
advanced stage ovarian cancer, rather than the identification of
early-stage (stages | and 1l) ovarian cancer [21]. The best
predictor of long-term surviva from advanced stage ovarian
cancer is primary surgical resection to no residua disease (i.e.
no visible tumour remaining in the abdomen) [22], and the
lower the volume of tumour at presentation, the greater the
probability that surgery will result in no residua disease [23].
Better awareness of ovarian cancer symptoms might result in an
improvement in surviva rates among patients with advanced
stage ovarian cancer, rather than a stage shift per se. The
premise for earlier diagnosis of ovarian cancer in symptomatic
women is currently being investigated by the Diagnosing
Ovaian Cancer Ealy (DOVE) study in Canada. In the
preliminary report, prompt screening of symptomatic women
with CA125 and trans-vagina ultrasound identified a greater
proportion of early-stage ovarian cancers compared with
patients diagnosed through usua assessment (36% versus 23%)
and a greater proportion of low-volume advanced stage ovarian
cancers (35% versus 21% in clinic patients) [21]. Importantly,
73% of patients diagnosed through prompt screening based on
symptoms had no resdua disease after debulking surgery
(versus 44% of clinic patients). In comparison, between 30%
and 40% of women with advanced stage ovarian cancer in the
United States currently achieve a status of no residua disease
through primary debulking surgery [24]. Thisis discussed in
greater detail in part 11.
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5. Ovarian cancer histology

Approximately 90% of all ovarian cancers arise from ovarian
or falopian tube epithelia cells. Ovarian carcinomas are of
four main histologic types. serous (68%), endometrioid (20%),
clear cell (8%) and mu-cinous (6%). The 12-year survival
rates (all stages) of patients with endometrioid (57%), clear cell
(64%) or mucinous carcinoma (58%) are superior to that of
patients with serous ovarian carcinoma (27%) (Table S1). A
shift in the histological distribution of ovarian carcinomas over
time may therefore impact on mortality rates.

It has recently been proposed that the category of serous
carcinomas be subdivided into two subcategories, which are
distinguishable from each other (primarily) by grade. The
largest category, high-grade serous carcinomas, comprises
90% of thetotal. It is proposed that the mgjority of high-grade
serous carcinomas arise from the epithelium of the falopian
tube[25].

SEER does not distinguish between high-grade and low-
grade serous carcinomas. The distinction has important
implications for treatment; the smaler group (low-grade
serous carcinomas) does not respond to chemotherapy. The
digtinction is aso potentially important for screening and
prevention. In principal, the greatest impact of any prevention
program will be redlized by reducing the number of high-
grade serous cancers (discussed in part 111). Also, screening
must go beyond detecting non-serous and low-grade serous
carcinomas if it is to be used to reduce ovarian cancer
mortality.

6. Ethnicgroup

The incidence of ovarian cancer is higher in white women
than in women from other racia or ethnic groups (Table S2).
Ovarian cancer surviva rates a 12 years are superior in white
women (38%) compared with African-American women (32%)
but they are inferior compared with Hispanic women (43%) and
Asian women (52%). If the relative frequencies of the various



310a

raciad and ethnic groups in the United States population change
appreciably over time, this might impact on ovarian cancer
incidence and mortdity rates. From 1970 to 2011, the
proportion of females that were white dropped from 87% to
80% [26]. At the same time, the proportion of Asian women
increased from 1% to 5%. From 1992 to 2011, ovarian cancer
incidence fel by 19% in white women, by 8% in African-
American and by 8% in Asian women.

7. Bilateral oophorectomy

Bilateral oophorectomy refers to the surgical remova of the
ovaries. Elective bilatera oophorectomy may be undertaken
for the prevention of ovarian cancer or for the treatment of
benign conditions such as pelvic pan, ovarian cysts or
endometrioss [27]. Approximatey 90% of al elective
oophorectomies in the United States are performed as an
adjunct operation in women who undergo hysterectomy for a
benign condition [28]. At the time of hysterectomy, about 45%
of premenopausd women and 75% of post-menopausal
women undergo a concomitant bilateral  (salpingo-)
oophorectomy [29]. Women who have had their ovaries (and
tubes) removed have a 95% reduction in ther risk of
developing ovarian cancer [30,31]. The probability that a
woman will have both ovariesintact (i.e. have not undergone an
elective bilaterd oophorectomy) a a given age can be
caculated based on the age-specific rates of bilatera
oophorectomy for each year since birth.

Between 1965 and 2005, the rates of eective bilateral
oophorectomy fluctuated between 1.5 and 3.0 per 1000 women
per year [32,33]. Following the Women's Hedth Initiative
report on the adverse health effects associated with the use of
hormone replacement therapy in 2002 [34], rates of
oophorectomy in premenopausa women began to decline [35].
In 2008, the American Congress of Obstetricians and
Gynecologists released a statement recommending against
prophylactic bilatera oo-phorectomy in women below age 45
[36].
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From 1975 to 2005, there was a steady decline in the
proportion of women in the population without ovaries.
Women from recent birth cohorts (i.e. born after 1950) have
had fewer oophorectomies than older women (Fig. S6). In
2005, an edtimated 19% of women ages 70 and older have
previoudy undergone an €elective bilateral oophorectomy (Fig.
S7). We estimate that, in the absence of these oophorectomies,
there might have been 25,155 cases of ovarian cancer in 2005
versus 21,557 observed (i.e. about 14% of ovarian cancers
were prevented in 2005 as a result of eective bilateral
oophorectomies).

8. Risk factorsfor ovarian cancer

The principal risk factors for ovarian cancer are oral
contraceptives, pregnancy, breast-feeding and tuba ligation
[37]. These factors are of particular importance as they are
protective, ubiquitous, and they have significant and long-
lasting effects. Temporal changes in exposure to these four
risk factors are expected to impact upon ovarian cancer
incidence and mortality rates. Few risk factorsthat increase the
risk of ovarian cancer have been confirmed; these include
hormone replacement therapy [38], talcum powder [39], high
body mass index [40] and endometriosis [41] and are not
considered here. The role of genetic predisposition in ovarian
cancer isdiscussed in part 111 [9].

Fig. 5

Proportion of women in 2014 who have ever taken an oral

contraceptive, by age.

* % %

We plotted the age-specific incidence rates for ovarian
cancer by birth cohort (Fig. S8). The cumulative risk of
ovarian cancer to age 70 was 1.1% for women born in 1920
and was 0.98% for women born in 1940 (arelative decline of
10.9%). The cumulative risk to age 50 was 0.29% for
women born in 1940 and was 0.25% for women born in 1960
(a relative decline of 13.8%). (Because age-specific
incidence data are only available beginning in 1975,
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cumulative risk estimates for earlier birth cohorts are
partially based on incidence rates from later birth cohorts,
and will underestimate any difference in risk between birth
cohorts.)

Using data abstracted from questionnaires that were
completed by 2000 women from North America, we estimated
the probability that women born in various birth cohorts (from
1920 to 1969) were exposed to each risk factor at some time
(Table S3), and based on the estimates for each risk factor we
generated relative risks for developing ovarian cancer at or
above age 60 compared with a theoretical reference group with
no exposure (Fig. 5).

8.1. Oral contraceptives

Oral contraceptives were introduced in the United States in
1960 by G.D. Searle and Company [10]. Women of
reproductive age in 1960 (ages 15 to 44) were born between
1920 and 1945. The proportion of women who have ever
taken an oral contraceptive increased from 18% for women
born in 1920 to 84% for women born in 1945, and has
remained stable at 83% to 86% thereafter (Table S3).

On average, women who have ever used ora contraceptives
have a 25% reduced risk of ovarian cancer compared with
women that have never used ora contraceptives [42]. The
level of protection increases with the duration of use and
attenuates with time since last use. Thirty years after
discontinuation of an ora contraceptive, the relative risk for
ovarian cancer is gpproximately 0.8 for less than five years of
use, 0.7 for five to ten years of use and 0.6 for more than 10
years of use. Because most women with ovarian cancer are
diagnosed after age 60, the full impact of exposure to ora
contraceptives on ovarian cancer incidence and mortality has
only recently been observed.

In the United States population in 2014, about 85% of
women below age 70 have previoudy taken an ord
contraceptive, whereas only 18% of women age 90 to 95 have
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previously taken an oral contraceptive (Fig. 5). This indicates
that between 1990 and 2015, the proportion of 70-year old
women who had ever taken an ora contraceptive increased
from about 20% to 85%.

82. Parity

On a population basis, parity is the second most important
risk factor for ovarian cancer. The reative risk for ovarian
cancer is estimated to be approximately 0.81 per child born (for
practica purposes, we limit the protective effect of parity at
five births, which corresponds to a 65% reduction in risk,
compared with nulliparous women) [37]. In the United States,
the average number of children per woman (mean parity)
peaked at 3.8 children between 1946 and 1964 (during the
post-World War 11 baby boom), and declined thereafter [43].
The mean parity of women born between 1920 and 1935 fell
from 3.9 to 3.0 children (Table S3). This declined further to
1.8 children for women born in 1945 and to 1.5 children for
women bornin 1965.

8.3. Bread-feeding

Women who breast-feed their infants have a lower risk of
ovarian cancer, compared with mothers who do not breast-
feed. The relative risk for ovarian cancer among parous
women that have ever breast-fed is approximately 0.85
(independent of parity) [44]. The extent of protection
increases with duration of breast-feeding (i.e. the total number
of months). 51% of mothers born between 1920 and 1924
breast-fed at some point. This fraction dropped to 44% of
mothers born between 1935 and 1939, because of increasing
numbers of women entering the workforce and because of the
introduction and promotion of infant formula around 1970
[45]. In 1975, the proportion of mothers who breast-fed
began to increase, stabilizing at 70% to 75% of mothers born
in 1960 or later. The resurgence of breast-feeding has been
attributed to increased knowledge about the benefits of breast-
feeding and successful efforts to increase breast-feeding
awareness, initiation and duration [45].



314a

Breast-feeding is unique among risk factors in that the
prevaence of ever-exposure is currently increasing (Table S3).
However, the extent of protection is dependent on the tota
duration of breast-feeding (number of months), which in turn,
depends on the number of children born (parity). Although the
proportion of mothers who breast-feed their infants have
increased in the United States, the mean parity of women in the
population has decreased; in consequence, the average number
of months of breast-feeding in the population has declined.

8.4. Tubal ligation

Tubal ligation is associated with a 15% to 25% reduction in
the risk of ovarian cancer [46]. The magnitude of risk reduction
is greater for endometrioid and clear cell carcinomas (50%)
than for mucinous (30%) and serous carcinomas (20%). The
protective effect appears to persst for 20 or more years,
however, long-term studies are required to confirm the duration
of protection. From 1975 to 1990, there was a shift in
contraceptive use among women ages 30 to 44 from the oral
contraceptive pill to tuba ligation [47]. The prevaence of tubal
ligation increased from 4% of women born in 1920 to about
35% of women born between 1940 and 1949, and has declined
thereafter (Table S3).

8.5. Rdativerisk of ovarian cancer from exposure to the four
risk factors

Compared with a theoretical cohort of women who have
never taken an oral contraceptive, the estimated proportion of
cases prevented by the use of oral contraceptives was 3% for
women born between 1920 and 1924 and increased to 25% for
women born between 1945 and later (Fig. 6). Compared with
nulliparous women, parity conferred a 56% reduction in
ovarian cancer risk for women born between 1920 and 1924,
after which the extent of protection from parity began to
decline, with a 32% reduced risk for women born between
1945 and 1949, and a 27% reduced risk for women born
between 1965 and 1969. Women born between 1920 and 1945
experienced a 22% reduction in ovarian cancer risk due to
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oral contraceptives, and a 24% increase in ovarian cancer risk
due to declining parity.

The impacts of breast-feeding and tubal ligation on ovarian
cancer incidence rates in the United States are modest in
comparison with the effects of oral contraceptives and parity.
Compared with women who have never breast-fed, the
percent of ovarian cancers prevented by breast-feeding is
estimated to be 7% for women born in 1920, decreasing to
6% for women born between 1945 and 1954, and then
increasing to 9% for women born in 1960 or later (Fig. 6).
Compared with women who have not had atubal ligation, the
greatest protection against ovarian cancer from tuba
ligations was for women born between 1940 and 1949 (5%
risk reduction).

8.6. Cumulative effects

The probability that a woman will develop ovarian cancer in
her lifetime depends to a large extent on her cumulative
exposure to al risk factors. In the absence of any exposure to
the protective factors described above, the lifetime risk of
ovarian cancer is edimated to be approximatey 2.7% (as
opposed to the observed population risk of 1.4%). Fig. S9
shows the overdl propensity for women in different birth
cohorts to develop ovarian cancer, as a result of exposure to al
risk factors. Compared with atheoretica cohort of women with
exposure to none of the four risk factors, the percentage of
ovarian cancers prevented rises from 66% for women born
between 1920 and 1924 to 71% for women born between 1940
and 1944 (a 5% reduction in ovarian cancer risk), and
subsequently declines to 63% for women born between 1965
and 1969 (an 8% increase in ovarian cancer risk).

Examination of the trends in reproductive risk factors can be
used to predict future ovarian cancer incidence rates. WWomen
born between 1920 and 1945 were below age 65 between
1975 and 2010, corresponding to the continuous decline in
ovarian cancer incidence in the 20 to 49 and 50 to 64 age
groups since 1975 (Fig. S3). Women born between 1920 and
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1945 were between the ages of 65 to 74 years beginning in
1985 (and ending in 2019), coinciding with the decline in
incidence in women ages 65 to 74 that aso began in 1985.
Women born between 1920 and 1945 were 75 years of age
and older beginning in 1995. In 2025, these women will be 75
to 100 years of age, at which point the decline in incidence due
to risk factors is expected to reverse. (We assume that the
relative risk for ever-exposure to a given risk factor is constant
with time. We did not account for differences in the duration
of exposure or recency of risk factor exposure between birth
cohorts. We assume that the relative risks attributable to each
factor are independent and cumulative.)
9. Synopsis

From 1975 to 2011, ovarian cancer mortdity fell by 23%.
The greatest period of decline (18%) was between 2001 and
2011, when mortality fell from 9.0 per 100,000 per year to 7.5
per 100,000 per year. The decline in ovarian cancer mortality
is a consequence of adeclinein ovarian cancer incidence. The
decline in incidence is largely due to the introduction of ora
contraceptives in 1960, and the subsequent expansion in their
use (from 0% to 85%) from 1960 to 1990. The introduction of
oral contraceptives has previoudy been implicated in declining
incidence and mortality rates among women younger than age
60 [48,49], but the impact in older women and on overdl
mortality isonly now being captured.

The SEER database is a very useful resource due to its large
size and long period of record; however, there are someintrinsic
limitations of using SEER data which should be acknowledged.
SEER does not have a centralized review. There may be some
misclassfication of the ovarian cancer diagnoses in terms of
both primary site and histology. The staging classfication of
ovarian cancer has changed over time. We do not have
information on stage for all women and it is possible that some
women were classified incorrectly. Our risk factor anaysis is
based on preva ence data from 2000 North American women
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and this may not be representative of the entire United States
female population.
Fig6
Relativerisk of ovarian cancer from exposureto a given
risk factor, by year of birth, compared with a theor etical
cohort of women with no exposuretotherisk factor.
OCP - oral contraceptive pill.

* % %

10. Futuretrends

In 2025, it is estimated that 85% of women younger than
age 80 will have taken an oral contraceptive at some time, and
the mean parity will fall below two. The total duration of
breast-feeding in the population and the proportion of women
with atubal ligation are also declining. Asaresult, after 2025
age-standardized ovarian cancer incidence rates will increase.
Due to the aging of the baby boom generation (i.e. women
born between 1946 and 1965), the mean age of the United
States population is increasing. The population is also
expanding in size. Asaresult, we estimate that from 2010 to
2030 the annua number of ovarian cancer cases diagnosed in
the USA will increase by 37%, from 20,921 cases to 28,591
cases. The number of cases will increase by 18% (3698
cases) due to a shift in the age-distribution and by 19% (3972
cases) due to population growth. Based on changing risk
factor propensity and changing population demographics, we
expect to see an increase in the number of ovarian cancer
cases over the next 15 to 30 years.

In part 11, we examine SEER rates of ovarian cancer case-
fatality, and we explore to what extent advances in ovarian
cancer treatment contribute to the decline in ovarian cancer
mortality [8]. In part Ill, we discuss future prospects for
reducing ovarian cancer mortality, which incorporate genetic
testing, preventive surgery, screening and treatment [9].
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Appendix A. Supplementary data

Supplementary data to this article can be found online at
http://dx.doi.org/10.1016/jygyno.2015.06.017.
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Summary

Background Oral contraceptives are known to reduce the
incidence rate of endometrial cancer, but it is uncertain how
long this effect lasts after use ceases, or whether it is
modified by other factors.

Methods Individual participant datasets were sought from
principal investigators and provided centrally for 27 276
women with endometrial cancer (cases) and 115 743 without
endometrial cancer (controls) from 36 epidemiologica
studies. The relative risks (RRs) of endometrial cancer
associated with oral contraceptive use were estimated using
logistic regression, stratified by study, age, parity, body-mass
index, smoking, and use of menopausal hormone therapy.
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Findings The median age of cases was 63 years (IQR 57-
68) and the median year of cancer diagnosis was 2001 (IQR
1994-2005). 9459 (35%) of 27 276 cases and 45 625 (39%)
of 115 743 controls had ever used oral contraceptives, for
median durations of 3.0 years (IQR 1-7) and 4.4 years (IQR
2-9), respectively. The longer that women had used ora
contraceptives, the greater the reduction in risk of
endometrial cancer; every 5 years of use was associated with
a risk ratio of 0.76 (95% CI 0.73-0.78; p<0.0001). This
reduction in risk persisted for more than 30 years after ora
contraceptive use had ceased, with no apparent decrease
between the RRs for use during the 1960s, 1970s, and 1980s,
despite higher oestrogen doses in pills used in the early years.
However, the reduction in risk associated with ever having
used ora contraceptives differed by tumour type, being
stronger for carcinomas (RR 0.69, 95% CI 0.66-0.71) than
sarcomas (0.83, 0.67-1.04; case-case comparison: p=0 .02).
In high-income countries, 10 years use of oral contraceptives
was estimated to reduce the absolute risk of endometrial
cancer arising before age 75 years from 2.3 to 1.3 per 100
women.

Interpretation Use of oral contraceptives confers long-
term protection against endometrial cancer. These results
suggest that, in developed countries, about 400 000 cases of
endometrial cancer before the age of 75 years have been
prevented over the past 50 years (1965-2014) by ora
contraceptives, including 200 000 in the past decade (2005-
14).

Funding Medical Research Council, Cancer Research UK.
Introduction

Use of oral contraceptives is known to reduce the incidence
of endometrial cancer.’ Because endometrial cancer is
uncommon in young women but its incidence increases
sharply with age, the public health effects of this inverse
association depend mainly on the extent to which the reduced
risk of endometrial cancer persists long after use ceases. To
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investigate the association between use of oral contraceptives
and the subsequent risk of endometrial cancer, individua
participant data from 36 epidemiological studies of
endometrial cancer have been brought together and analysed
centraly.

Methods
Identification of studies and collection of data

This collaboration was established in 2005. Since 2012,
epidemiological studies were eligible for indusion if they
collected individua data about use of hormona
contraceptives and reproductive history from at least 400
women with endometrial cancer in retrospective studies, and
at least 200 women in prospective studies. Before 2012,
retrospective studies with fewer than 400 cases of
endometrial cancer had been €eligible, so some studies with
fewer cases are included in this analysis. Eligible studies
were identified from review articles, computer-aided
literature searches in PubMed and Medline (up to Jan 31,
2012), using combinations of the search terms “endometria
cancer risk”, “endo-metrium cancer risk”, “hormon*”, “ora
contraceptive”’, and “OC”, plus the additional terms “cohort”,
“prospective’, “women”’, and “cancer risk”, and from
discussions with colleagues. Efforts were made to identify
all studies that induded relevant information, irrespective of
whether or not results about oral contraceptives had been
published, and principal investigators from each eligible
study were invited to participate.

Cases were defined as women with invasive cancer of any
histological type of the body of the uterus who were without
previous cancer (except non-melanoma skin cancer); controls
were women without previous cancer who had an intact
uterus. Prospective studies were incorporated by a nested
case-control design, in which up to four controls were
selected at random from cohort members, matched for exact
year of birth, date of recruitment (within 6 months), duration
of follow-up (at disease onset), and, when appropriate, other
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matching criteria used by the principal investigators (eg,
geographical region). Individual participant data on
sociodemographic and reproductive factors, use of
contraceptives, use of hormonal therapies for the menopause,
reproductive history, height, weight, consumption of alcohol
and tobacco, and family history of breast and endometrial
cancer were sought from the principal investigators of every
study. For prospective studies, reported information on the
use of oral contraceptives was taken from the last record
before disease onset, to calculate duration of use and time
since last use (assuming no further use). Information about
the use of menopausal hormonal therapy and hysterectomy
was aso that most recently recorded. Datasets provided by
investigators were collated centrally and recoded using
similar definitions, as far as possble. Apparent
inconsistencies in the data were discussed with the study
investigators and if they could not be rectified, decisions
were made about which values to incorporate into the pooled
dataset. After the records had been checked and corrected,
investigators were sent summary anayses of the variables to
be used for final confirmation that their data had been
interpreted correctly.

44 digible studies were identified®* of which 36 are
included in the current analysis®*’”  Four groups of
researchers declined to participate in this collaboration®®*
and a further four groups agreed in principle to provide data
at afuture date.***

Principal investigators provided individual information
about whether or not women had ever used hormonal
contraceptives (as defined by each study) and most also
provided information about the total duration of use and age
or calendar year at first and last use. Only 13 studies
collected information on the type of hormond
contraceptives;719212>30333536 \y omen from the remaining
23 studies were assumed to be using combined ord
contraceptives (ie, those containing both oestrogen and
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progestin) because more than 95% of hormonal contraceptive
users included in studies with such information reported
using combined preparations. There were too few women
with endometrial cancer who had used exclusively progestin-
only oral contraceptives (56 cases), progestin-only injectable
hormonal contraceptives (19 cases), combined injectable
hormonal contraceptives (three cases) or sequential oral
contraceptives (41 cases) for reliable analysis.

Statistical analysis

Statistical analyses were done with Stata version 13.0.
Conditional logistic regression was used to calculate relative
risks (RRs) of endometrial cancer in relation to the use of
oral contraceptives and their corresponding 95% Cls. Where
only two groups were compared, conventional Cls were used.
When severa groups were compared, with one taken as the
reference group with an RR of 1, the variance of the log risk
in the reference group and in each of the other groups was
calculated from the variances and covariances of the log RRs
in those other groups.*’ These group-specific variances yield
the group-specific Cls for each group (including the
reference group) that are plotted in the figures.

All analyses were stratified by study, centre (for multicentre
studies), age group (16-19, 20-24 years, and so on up to 75-
79, 80-84, and 85-89 years), parity (0, 1, 2, 3, 4, >5, or not
known), body-mass index (BMI <25, 25-30, z30 kg/m? or
not known), smoking (never, ever, or unknown) and type of
menopausal hormone therapy used (never, oestrogen-only
exclusively, combined exclusively, both oestrogen-only and
combined, other types, or unknown use). The effect on the
main findings of further stratification by ethnic origin,
education, age at first birth, age at last birth, age at menarche,
age at menopause, menopausal status, and family history of
endometrial cancer was examined by comparing results
before and after stratification for each variable separately.
Women with missing information for any of these adjustment
factors were assigned to a separate stratum for the relevant
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variable to conserve tota numbers analysed; sensitivity
analyses excluded these women.

The RR of endometrial cancer per 5-year duration of oral
contraceptive use was estimated by fitting a log-linear trend
across categories of duration (never, <1, 1—<5, 5—<10,
10—<15, and >15 years), using the median value within each
category.

The association of endometrial cancer risk and duration of
oral contraceptive use was cross-classified by time since last
use and by mid-calendar-year of use (grouped as 1960-69,
1970-79, and 1980-89) to assess the independent effect, if
any, of these factors on risk. Although the composition of
oral contraceptive pills has varied substantially over time, a
strong association exists between calendar year of use and
oestrogen dose in the oral contraceptives typicaly used.**°
In the USA and UK, for example, the ora contraceptives
prescribed before 1970 were typicaly high-dose
preparations, often containing 100 pg or more of oestrogen;
between 1970 and 1980 prescriptions were typically for
medium-dose preparations containing about 50 pg of
oestrogen; and by 1980 most prescriptions were for low-dose
preparations, containing 35 pg or less of oestrogen.**>
Thus, in these analyses, decade of use was taken as a
correlate of oestrogen dose of oral contraceptives.

The classification system adopted in each study was used
centrally to categorise tumours into three broad histological
subtypes. type | (endometrioid carcinomas); type Il (non-
endometrioid carcinomas); and uterine sarcomas. Type |
tumours, which were much the most common type, induded
endometrioid tumours (International Classification of
Diseases for Oncology [ICD]-0-3 morphology codes. 8380,
8381, 8382, and 8383), adeno-carcinoma tubular (8210 and
8211), papillary adenocarcinoma (8260, 8262, and 8263),
adenocarcinoma with squamous metaplasia (8570), mutinous
adeno-carcinoma (8480 and 8481), and adenocarcinoma not
otherwise specified (8140). Type Il tumours included serous
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(8441), papillary serous (8460 and 8461), sguamous cell
(8050, 8070, 8071, and 8072), adenosguamous (8560), small-
cell carcinoma (8041), mixed-cell adenocarcinoma (8323),
and dear cell carcinoma (8310), as described el sewhere.™

Tablel
Details of studies and women included

* k% %

Figurel
Relativerisk* of endometrial cancer by use of oral
contraceptivesin each of the contributing studies

* * %

Information about duration of use was available for 8873
cases and 43 783 controls across al studies combined.
BCDDP=Breast Cancer Detection Demonstration Project.
NHS=Nurses' Hedth Study. CNBSS=Canadian National
Breast Screening Study. IWHS=lowa Women's Health
Study. MEC=Multiethnic Cohort Study. NIH-AARP=NIH-
AARP Diet and Health Study. EPIC=European Prospective
Investigation into Cancer and Nutrition. PLCO=Prostate,
Lung, Colorectal, and Ovarian Cancer Screening Trid.
MISS=Melanhoma in  Southern  Sweden  Cohort.
CASH=Cancer and Steroid Hormone Study.
ANECS=Australian Nationa Endometria Cancer Study.
*Stratified by study (centre), age, parity, body-mass index,
smoking, and type of menopausal hormone therapy used.

Uterine sarcomas were defined as sarcoma, not otherwise
specified (8800-8806), fibrosarcoma (8810-8833), lipo-
sarcoma (8850-8858), myosarcoma (8890-8896), rhabdo-
myosarcoma (8900-8902, 8910-8912), endometrial stromal
sarcoma (8930-8931), or cancer coded as sarcoma by study
investigators.  Significance tests for heterogeneity of the
relative risks for ora contraceptive use by tumour subtype
compared cases only (case-case comparisons), because
controls provide no additional information. Anayses by
histological subtype were based on smaller numbers than
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those for all endometrial cancers. Hence, although they were
still stratified by study (centre) and age, to retain sufficient
statistical information within each stratum they were adjusted
rather than stratified for parity, BMI, smoking, and type of
menopausal hormone therapy used.

When results are presented in the form of plots, RRs are
represented by squares and their corresponding ClIs or group-
specific Cls by horizontal lines. The position of the square
indicates the point estimate of the RR, and the area of the
square is inversely proportiona to the variance of the
logarithm of the RR (or, for multigroup analyses, log risk),
thus providing an indication of the amount of statistical
information available for that particular estimate. Where
summary RRs have been calculated, these are shown as open
diamonds. Because of the large number of RR estimates
presented, 99% Cls are generally used in the figures;
however, throughout the text 95% Cls are quoted.

Cumulative incidence rates of endometrial cancer (up to the
age of 75 years) associated with different durations of use of
oral contraceptives were estimated by application of RR
estimates for endometrial cancer from the present analyses to
age-specific incidence rates for women in 21 high-income
countries in western Europe, North America, and Australasia
(appendix p 8).” Absolute numbers of cancers prevented
were estimated from birth cohort-specific prevalences of oral
contraceptive use.>

Figure 2
Relativerisk of endometrial cancer in usersof oral
contraceptives compar ed with never-users, by
(A) duration of use, and (B) duration of use and time
sincelast use of oral contraceptives.

* % %

Role of the funding sour ce

The funders of the study had no role in the study design,
data collection, data analysis, data interpretation, writing of
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the report, or the decision to submit for publication. The
writing committee had full access to al the data, could
request any analyses, and had final responsibility for the
decision to submit for publication.

Results

Table 1 presents the details of the 36 participating studies.
The studies are listed by their design and, within each type of
design, by the median year when the endometrial cancers
were diagnosed in each study. Most studies were done in
Europe or North America, with three from Asia, one from
Australia, one from South Africa, and one multinational
study. Together, the analyses induded 27 276 women with
endometrial cancer (cases) and 115 743 women without
endometrial cancer (controls). The median year of cancer
diagnosis was 2001 (IQR 1994-2005) and the median age at
diagnosis was 63 years (IQR 57-68), with 847 (3%) of
women diagnosed before 45 years of age, 3743 (14%) at 45-
54 years, 11 287 (41%) at 55-64 years, and 11 399 (42%) at
65 years or older.

Overal, 9459 (35%) of 27 276 women with endometrial
cancer and 45 625 (39%) of 115 743 controls had ever used
oral contraceptives, with a median duration of use of 3.0
years (IQR 1-7) and 4.4 years (2-9), respectively. The
prevalence of ever having used oral contraceptives was
substantially lower in controls from Asia (899/11180; 8%)
than in controls from Europe and North America (39 050/86
293; 45%).

Figure 1 shows the study-specific and combined relative
risks of endometrial cancer in ever-users compared with
never-users of oral contraceptives and, in the ever-users, the
RR per 5 years of use. Results are presented according to
study design. Studies with a low information content
(defined as l/var[In RR] <20) are induded in the “other”
category for each relevant study design. Overal, the risk of
endometrial cancer was significantly lower in women who
had ever used ora contraceptives than in women who had
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never used them (RR 0.69, 95% CI 0 .67-0 .72), with no
significant heterogeneity between the three types of study
design (heterogeneity test; p=0.15).

The longer women had used oral contraceptives for, the
lower their risk of endometrial cancer was, with each 5 years
of use associated with an RR of 0.76 (95% CI 0.73-0.78,
p<0.0001), based on 8873 cases and 43 783 controls who
were ever-users (figure 1). In women who had used oral
contraceptives for a duration of 10-15 years (median 11.8
years) the relative risk of endometrial cancer was 0.52 (95%
Cl 0.48-0 .57; figure 2A). These analyses were stratified by
study (centre), age, parity, BMI, smoking, and type of any
menopausal hormone replacement therapy used. Similar
results were obtained when the analyses were stratified by
age and study adone (RR per 5 years use of ord
contraceptives 0.75 [95% CI 0.73-0.77]), and further
stratification for each of ethnic origin, education, age at first
birth, age at last birth, age at menarche, age at menopause,
menopausal status, or family history of endometrial cancer
likewise changed the RR per 5 years of use by 0.01 or less
(appendix p 4). The proportiona reduction in risk of
endometrial cancer per 5 years of oral contraceptive use
varied dlightly by age at diagnosis (heterogeneity test;
p=0.004), with RR 0.71 (95% CI 0.67-0.75) for women
diagnosed before 60 years of age and RR 0.79 (0.75-0.82) for
women diagnosed a 60 years of age or older. The
association did not vary by BMI, parity, use of menopausal
hormone therapy, menopausa status, smoking status, age at
menarche, ethnic origin, or alcohol use (figure 3). The
exdusion of women with missing values for any of these
stratification variables also made a negligible difference to
the risk estimates (making the fully stratified RR per 5 years
use of oral contraceptives 0.75, 95% CI 0.72-0.77).

Figure3
Relativerisk of endometrial cancer per 5 years use of
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oral contraceptives, by various lifestyle and reproductive
characteristics.

* % %

Most women with endometrial cancer had stopped using
oral contraceptives many years before their cancer diagnosis
(median time since last use 29 years [IQR 22-34]). Women
who had used ora contraceptives more recently had also, on
average, used them for a longer duration (eg, women who
had used ora contraceptives less than 15 years previously
had a median duration of use of 4.7 years [IQR 1.3-9.9],
whereas women who had last used oral contraceptives 30
years or more previously had a median duration of use of 3.0
years[1.0-5.3]). For agiven duration of use, the reduction in
risk was dlightly greater in women with more recent use,
although a significant protective effect remained more than
30 years after use had ceased (figure 2B and appendix p 5).

In 7452 women with endometrial cancer for whom
information about the timing of their oral contraceptive use
was available, 3235 (43%) had a mid-year of ora
contraceptive use in the 1960s and 371 (5%) had a midyear
of use in the 1980s (appendix p 6). The RRs per 5 years
duration of use of oral contraceptives in the 1960s, 1970s,
and 1980s did not vary significantly (heterogeneity test;
p=0.15, appendix p 6). There was also no significant
heterogeneity in the RR per 5 years of use by age at first use
or age at last use (appendix p 7).

However, there was some evidence that the RR depended
on the histological subtype of endometrial cancer (table 2).
Compared with women who had never used ord
contraceptives, ever-users had an RR of 0.69 (95% CI 0.66-
0.71) for carcinomas, based on 26 877 cases, which was
similar for type | and type |l carcinomas. Based on relatively
few cases, ever-use of oral contraceptives was not
significantly associated with the risk of uterine sarcoma (RR
0.83 [95% CI 0.67-1.04], based on 399 cases; heterogeneity,
from direct case-case comparison of sarcomas vs carcinomas
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p=0.02). Anadyses were aso done in women with
information about duration of oral contraceptive use. For
carcinoma, the RR per 5 years use of oral contraceptives was
0.75 (95% CI 0.73-0.77, based on 8701 cases); for uterine
sarcoma, the corresponding RR was 0.88 (95% CI 0.74-1.03,
based on 172 cases, heterogeneity, from direct case-case
comparison of sarcomas vs carcinoma p=0.24).

Based on the RRs presented in figure 2 and age-specific
rates of endometrial cancer for women in high-income
countries, cumulative incidence rates of endometrial cancer
were estimated for never-users of oral contraceptives and for
women who had used them for different durations, beginning
a 20 years of age. For women who never used ord
contraceptives, an estimated 2.3 in every 100 would be
diagnosed with endometrial cancer before the age of 75
years. The corresponding cumulative incidence rate for
women who had used oral contraceptives for 5, 10, and 15
years was estimated to be 1.7, 1.3, and 1.0 per 100 users,
respectively (figure 4). The annua incidence of endometrial
cancer is low in women still young enough to be using oral
contraceptives, but it is much higher in those aged 60-70
years. In this age range, the number of women who were
ever-users of oral contraceptives has grown steeply over the
past 50 years, from essentially zero in the 1960s to about
three-quarters in high-income countries today.>® Hence, the
annual number of endometrial cancers prevented by ever-use
of oral contraceptives has also increased steeply over the past
50 years. Using birth cohort-specific prevalences of ora
contraceptive use in western developed countries> we
estimate that over the past 50 years (1965-2014) in 21
countries in western Europe, North America, and Australasia,
oral contraceptive use has prevented a total of about 400 000
endometrial cancers, including 200 000 in the past 10 years
(2005-14), at ages 30-74 years (appendix p 8). Because these
results are based on population incidence rates, they
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automatically allow for the different rates of hysterectomy in
those populations.

Figure4

Absoluterisk of endometrial cancer incidence per 100
women up to 75 year s of agein high-income countries by
duration of oral contraceptive use (population-weighted

rates, 2003-07, for 21 countriesin Western Europe,
North America, and Australasia)
* % %

Discussion

This international collaboration has brought together and
reanadysed amost al of the available epidemiologica
evidence on the reduction in endometrial cancer incidence
associated with oral contraceptive use, and indudes data from
27 000 women with endometrial cancer from 36 studies.
Overal, the longer women had used oral contraceptives, the
greater the reduction in the risk of endometrial cancer. On
average, every 5 years of ora contraceptive use was
associated with a relative risk of 0.76, so about 10-15 years
of use halvestherisk. A protective effect persists for at least
30 years after use ceases, and does not seem to depend much
on the dose of oestrogen in the contraceptive formulations or
on personal characteristics such as parity, adiposity, or
menopausal status.

Combining results from many studies has the obvious
advantage of yielding a large sample size, which reduces
random errors, and it aso avoids the biases that could be
produced by undue emphasis on particular studies with
extreme results. Only a third of the éigible studies have
published on ora contraceptives and endometria
Cancer'4,7,8,10,17,18,21,24,29—31,33,35 S0 a review based soIer on
these studies could be affected by publication bias. Despite
extensive efforts to identify all studies with unpublished
results, it is impossible to guarantee that others do not exist;
furthermore, it is not possible to have completely up-to-date
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information from the continuing prospective studies.
However, the eight eligible studies that were identified but
did not contribute data to this collaboration together contain
only about 12% as many women with endometrial cancer as
the included studies. Hence, failure to indude these studies
probably had no material effect on the main findings. Only
one of these eight studies has published results on ord
contraceptives and endometrial cancer, and its reported
findings are broadly similar to ours.” The 36 induded studies
were of varied design and were done in different settings,
with wide variation in the duration of use and time since last
use of oral contraceptives. However, the effects of a given
duration of use did not vary significantly between women
with different characteristics or between studies with
different designs.

The main analyses were stratified simultaneously by study,
centre within study, age at diagnosis, parity, BMI, smoking,
and use of menopausal hormone therapy. This fine
stratification was feasible because of the large sample size. It
meant that the analyses of the association between ora
contraceptive use and risk of endometrial cancer are based on
comparisons between women in the same study who were of
the same age and who had a similar history of other risk
factors for endometria cancer.

Although few studies provided information about hormonal
constituents of the preparations used, the oral contraceptives
of the 1960s would generally have contained much higher
doses of oestrogen than those of the 1980s. Overdl,
however, there was no apparent decrease between use in the
1960s and 1980s in the relative risk associated with a given
duration of use. These results show that the amount of
oestrogen in the lower-dose pills is still sufficient to reduce
the incidence of endometrial cancer, which is consistent with
findings from two studies that have assessed individual
dosages of the hormonal constituents.**** The numbers of
women who reported using anything other than combined
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oral contraceptives (eg, sequential oral or progestin-only ora
contraceptives and/or injectable hormonal contraceptives)
were too small for reliable analysis.

The decline in endometrial cancer risk with increasing
duration of use does not seem to vary substantially with
parity, BMI, use of menopausa hormone therapy,
menopausal status, smoking status, age at menarche, ethnic
origin, or acohol intake. The reduction in risk associated
with 5 years use of oral contraceptives was slightly greater in
women diagnosed before 60 years of age than in women
diagnosed a an older age, but given the number of
significance tests done, this could be due to chance. The
reduction in endometrial cancer risk with increasing duration
of use does not seem to vary much with factors related to the
timing of use, such as age of first or last use, time since last
use, or calendar period of use.

The effect of ora contraceptives does, however, seem to
vary by histological subtype, with ever-use strongly
associated with a reduced risk of type | and probably of type
Il endometrial carcinoma, but somewhat less strongly
associated with a reduced risk of uterine sarcoma—a much
rarer type of cancer. Another pooled analysis that included
15 studies, most of which contributed to the current analysis,
also reported a similar reduction in risk of both type | and
type Il endometrial carcinoma for ever use of ora
contraceptives™ but no significant association with uterine
sarcoma.”

Taken together, it is reasonable to infer that the associations
recorded here are causal (ie, that current or past ora
contraceptive use reduces the incidence of endometria
cancer in otherwise similar women). Almost all of the
hormonal contraceptive use in these studies is likely to
involve combined oral contraceptives, which contain
oestrogen plus progestin.  These contraceptives might protect
against endometrial cancer by minimising exposure to
unopposed oestrogen during the follicular phase of the
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menstrual cyde, thereby inhibiting oestrogen-induced cell
proliferation;***" moreover, the addition of a progestin to
menopausal hormone therapy has been shown to reduce the
adverse effects of oestrogen on the risk of endometrial cancer
in postmenopausa women.>***®  However, the exact
mechanisms by which oral contraceptives cause substantial
protection against endometrial cancer many years after
cessation of use are still unclear.

Since the introduction of oral contraception in the early
1960s, about 400 million women have used it in high-income
countries alone,®* often for prolonged periods during early
adulthood.®® Medium-to-long-term use of oral contraceptives
(eg, for 5 years or longer) results in a substantial proportional
reduction in the incidence of endometrial cancer, the
magnitude of which is similar to that seen for ovarian
cancer.>® Because this reduction in risk persists more than 30
years after use has ceased, and the incidence of endometrial
cancer increases steeply with age, the public health effect of
oral contraceptive use on endometrial cancer is most apparent
many years after use has stopped. The present results, taken
together with what what is known about past patterns of use,
suggest that in high-income countries oral contraceptives
have, over the past 50 years (1965-2014), already prevented a
total of about 400 000 endometrial cancers before the age of
75 years, including 200 000 in the past decade (2005-14).
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APPENDIX R

Meta-Analysisof Intrauterine Device Use and Risk of
Endometrial Cancer

ROBIN M. BEINING, MS, LESLIE K. DENNIS, MS,
PHD, ELAINE M. SMITH, MPH, PHD, AND ANUJA
DOKRAS, MD, PHD

PURPOSE: We sought to study the association between
intrauterine device (IUD) use and endometrial cancer.

METHODS. A comprehensive search of literature
published through April 2007 was conducted, studies
reviewed, and data abstracted. Data from ten studies were
pooled and analyzed using both fixed- and random-effects
models to examine the association of ever use of an IlUD and
endometrial cancer.

RESULTS: Based on the random effects modd, a
protective crude association between IUD use and
endometria cancer was observed (odds ratio [OR] = 039;
95% confidence interval [Cl] = 0.29-0.51; heterogeneity p <
0.001) with a pooled adjusted risk of OR = 0.54 (95% ClI,
0.47-0.63; heterogeneity p = 0.40). A decreased risk of
endometrial cancer also was seen for increased years of 1UD
use (OR for 5 years of use 0.88; 95% CI = 0.84-0.92; n = 5;
heterogeneity p = 0.14), increased years since last IUD use
(OR for 5 years of use 0.91; 95% ClI, 0.86-0.95; n = 4,
heterogeneity p = 0.02), and increased years since first IUD
use (OR for 5 years of use 0.89; 95% ClI, 0.83-0.95; n = 4;
heterogeneity p = 0.04).

CONCLUSIONS: Our results suggest that nonhormonal
IUD use may be associated with a decreased risk for
endometrial cancer; however, the exact mechanism for this
association is unclear. Future investigations should address
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the difference in the proposed association by specific type of
IUDs.

Ann Epidemiol 2008;18:492-499. © 2008 Elsevier Inc.
All rights reserved.

KEY WORDS: Endometrial Cancer, Intrauterine Device,
Meta-analysis, Review.

INTRODUCTION

Endometrial cancer is the most prevalent femae genita
malignancy in the United States with an estimated 39,080
incident cases and 7,400 associated deaths expected in the
United States during 2007 (1). Endometrid cancer primarily
affects postmenopausal age women with a mean age at di-
gnosis of 61 years (2). Factors associated with an increased
risk of endometrial cancer are exposure to unopposed
estrogen increasing age, e€levated body mass index,
nulliparity, infertility, polycystic ovary  syndrome,
amenorrhea, early age at first menarche, delayed onset of
menopause, unopposed estrogen therapy, and tamoxifen
therapy (2, 3). Previous studies have indicated a protective
association between use of combination oral contraceptives
and risk of endome-tria cancer. Progesterone acts to limit
endometrial proliferation, thereby decreasing the overall risk
of endometria cancer (4).

Intrauterine devices (IUDs) are a common method of
reversible contraception in many countries, with an estimated
106 million women worldwide who have used an 1UD (5).
However, the rate of IUD use in North America ranks among
the lowest in the world, with an estimated 1.5% of married
women in the United States using an IUD, compared with the
highest rate, 33.0% in China, and a globa rate of 11.9% (5).
IUDs were first marketed for use in 1964 (6). The first
generation of IUDs was inert devices, followed by a second
generation of copper 1UDs, first approved by the U.S. Food
and Drug Adminigtration (FDA) in 1984 (7), and most recently
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a third generation of progesterone IUDs, first introduced in
1990 in Finland (7, 8), and later approved by the FDA in
December 2000 (7). Currently, two types of IUDs are marketed
in the United States, the copper T380A (ParaGard) and the
levonorgestrel-releasing  intrauterine  system  (LNG-IUS)
(Mirena) (5).

The overal ams of this study were to quantify the mag-
nitude of the association between 1UD use and risk of endo-
metrial cancer, including potentia contributing factors:
duration of use, time since first use, time since last use, and
type of device. A meta-analysis was conducted to evaluate
these associations with endometrial cancer.

Selected Abbreviatinosand Acronyms
IUD = intrauterine device
LNG-1US = levonorgestrel-rel easing intrauterine system
SES = socioeconomic status
METHODS
Literature Review

For this meta-analysis, analytic studies that measured 1UD
use in relation to endometrial cancer were considered. First, a
literature search from 1966 through the end of April 2007 was
performed using PubMed. MeSH headings, key words, and
text words searched included intrauterine devices, [UD,
endometria cancer, and endometria neoplasms. The search of
PubMed returned 42 articles, of which 11 (7, 9-18) were
reviewed in detail. The 31 remaining articles were not relevant
because they were commentaries, editorias, reviews, case-
reports, diagnostic or treatment techniques, or other biologica
discussions. The references in the 42 articles were examined
for additiona relevant studies; however, no additional relevant
studies were identified. In an attempt to locate possible
unpublished studies, we searched the ProQuest database of
dissertations and theses. This found three dissertations (by
Castellsague, Hill, and Wemili) that have been published
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elsawhere and are included in our anayses. Non—English-
language articles were aso reviewed but determined not to be
rdlevant. Among 11 articles reviewed in detail, severd
reported on the same populations. Two articles were published
using the same data from a 1989-1992 study in Israd;
therefore these articles were considered to represent one study
(9, 10). Severd articles published data from subjects in Shang-
hai, China (16-18), but their diagnosis dates (1997-2003,
1991-1998, 1988-1990) were only minimally overlapping, so
they were treated as separate studies.

The relationship between IUD use and endometria cancer
was examined from multiple perspectives. Specifically, tota
years of IUD exposure, years since first IUD exposure, years
since last IUD exposure, and type of IUD used were assessed.
Only two studies reported age at first IUD use; thus we did not
pool such data.

Data Abstraction

Data were abstracted from al articles by one reviewer (R.
B.). For each factor, raw data, adjusted factors, reported odds
ratios (ORs), and 95% confidence intervals (Cls) were
recorded. Information on study design, location, study dates,
ethnic majority, case/control source populations, matching
factors, and age ranges were also collected. Whenever
possible, the most adjusted OR, having controlled for the
greatest number of potential confounders, was obtained. Since
we could not run the origina data, we had to assume each
article adjusted for appropriate confounders in the data
obtained.

Statistical M ethods

ORs were reported as an estimate of the relative risks. For
studies in which no OR was reported, a crude OR was
caculated from the tabulated raw data. For each study, the
natura log of the OR was caculated and the variance was
based on the corresponding 95% confidence intervas (CIs).
Dichotomous factors (e.g., ever versus never IUD use) were
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anayzed by using fixed-effects and random-effects models to
compute pooled ORs (19). Assuming that there is atrue overall
quantity being estimated, inferences about the included studies
can be obtained using the fixed-effects models. The amount of
error in a fixed-effects moddl is assumed to be attributable to
sampling error (19). Random-effects models apply inferences
about hypothetica groups of studies, assumed to follow a
probability distribution, rather than individua studies (19). To
examine the consistency between associations, statistical tests
of homogeneity (20) were performed. The estimated between-
study variance was utilized to quantify the magnitude of
heterogeneity among the studies (20).

To examine multiple ordinal categories of duration (total
years of IUD use), latency (years since first IUD use), and re-
cency (years since last 1UD use) for possible linear associa-
tions, the categories were analyzed by using fixed-effects
dose-response method (20). This method provides the ability
to adjust within study correlation while combining levels of
exposure in alinear regression of the natural log of the OR. To
determine whether the linear model was appropriate for the
data, a goodness-of-fit test for linear and quadratic models was
performed. The analyses of linear association were performed
using SAS software (SAS Software, Inc., Cary, NC).

RESULTS

Eleven articles reporting on 10 studies were reviewed (6, 10-
18). Study characteristics, including diagnosis years of cases,
study location, age range, and number of subjects are described
(Table 1). We reported the ORs for the associations between
ever versus never 1UD use and risk of endometrial cancer,
along with the adjustment factors described in each study
(Table 1). Only three studies reported on specific types of IUD
used; thus the data for types of 1UDs used were too sparse to
pool (Table 1). Duration of use, reported in years of IUD use,
was examined for a linear, protective dose-effect for
endometrial cancer. A summary of the duration of use along
with time since first and last use of an IUD for each study is
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provided (Table 1). Protective pooled effects were seen.
Recency and latency effects were observed across studies; a
protective association for endometrial cancer was observed
with an increased period of time since first and last use of an
IUD (Table 2). These data must only be interpreted within the
range they cover.

The pooled ORs for the association between use of an IlUD
and endometrial cancer for both the fixed- and random-
effects models were calculated (see Table 2). All studies,
except one (16), reported protective effects, and the pooled
analyses showed a significant protective effect for ever-use
of ITUDs and endometrial cancer. Based on the random effects
model, a protective crude association between 1UD use and
endometrial cancer was observed (OR = 039; 95% CI = 0.29-
0.51; heterogeneity p < 0.001) with a pooled adjusted risk of
OR =0.54 (95% CI = 0.47-0.63; hetero-geneity p = 0.40).

Tablel
Stud characteristics and ever-use of intrauterine device
exposure and endometrial cancer among 10 studies, type
of devicefor three studies, and total years of usefor six
studies

* * %

Table?2
Pooled oddsratios for intrauterine device used and
endometrial cancer among 10 studies by study design
along with duration of usereported for 5 year increments

* * %

This meta-analysis found a significant inverse association
between 1UD use and endometria cancer. The overal pooled
OR of 054 suggests a significant reduction in risk of
endometria cancer with ever-use of an IUD (see Table 2). The
studies appear to be homogeneous with respect to ever-use of
IUDs and endometrial cancer; therefore, the fixed-effects
model estimates may be more appropriate for the meta
anayses. The linear duration analyses for a 5-year increase in
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years of IUD use, latency, and recency effects are adso
reported (Table 2). An inverse association between 1UD use
and endometrial cancer was observed for duration of use (OR
= 0.88 for 5 years), recency (OR = 0.91 for 5 years), and
latency (OR = 0.89 for 5 years). The linear duration measures
for years of IUD use, latency, and recency effects are reported
as an increase for 5 years. The ORs pooled among studies
reporting duration of use and duration since last use were not
homogeneous.

The reported linear duration response ORS are the magnitude
of association between IUD use and endometrial cancer that can
be assumed for each 5 year increase in exposure within the
range of the origind studies (see Table 2). Among the four
studies that examined recency, one had decreasing ORs, two
decreased, then increased and the fourth study appeared to have
no association. Thus the pooled risk estimates that show a 9%
decrease over 5 years need to be interpreted within probably 5-
10 years after last use based on the categories anong the studies
pooled (Table 2). Among the studies that examined first use,
two showed a protective effect that was relatively flat, whereas
the other two suggested more of a continued decrease, but
showed no effect after 17 or 20 years since first use.

DISCUSSION

Hormona (progesterone) 1UDs have been marketed since.
1990 (7, 8). We assume dl of the women included in these
studies had used nonhormona 1UDs, since eight of the 10
studies had diagnosis dates of cancer prior to 1993 where par-
ticipant exposure to 1UDs would likely have occurred prior to
the 1990s. When the two studies with diagnosis years in the
1990's were excluded, point estimates changed by 0.01 or less,
suggesting that these two studies did not differ from the earlier
studies. Congdering the reative chronology of endometria
hyperplasa and subsequent cancer, it is unlikdy that a
significant portion of 1UD users in the studies included in this
analysis would have been exposed to hormona 1UDs a the time
prior study data were collected.
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The precise mechanism for the proposed protective asso-
ciation between 1UD use and endometrial cancer is not clear.
Cellular level changes in the norma endometrium include
smple hyperplasia, complex hyperplasia, progressing to
endometrial cancer. Two mechanisms through which IUD use
may ater endometrid cancer risk have been enumerated: first,
through influence on the production of estrogen and
progesterone by inducing extrauterine effects on the ovary and
the central hypothalamic-pituitary-ovarian axis; and second,
through ateration of the endometrial response to hormones by
exerting direct changes in the endometriad environment,
resulting in chronic inflammation (11). Both mechanisms result
in an overall reduction in endome-tria hyperplasia (11, 21, 22).
An understanding of the magnitude and consistency of the
association between IUD use and endometrial cancer may
guide future recommendations in contraceptive health.

Mechanisms of different types of IUDs vary. Older, non-
hormona 1UDs, including inert, copper, and stainless sted,
498 produce inflammation only. Studies have observed a
sgnificant reduction in both endometria mitotic activity and es-
trogen receptor concentration, associated with copper 1UD
placement (23). Smilarly, LNG-1US acts by influencing the
production of the hormone progesterone, which down-regulates
estrogen receptors and results in a reduction of cdlular-
proliferation of the endometria lining. Clinicaly, women with a
LNG-releasing IUD in place tend to have a thinner endometria
lining than women without an IUD (24). This observation
supports the theory that the patho-physiologica response to an
IUD is due to celular level changes that decrease the rate of
hyperplasia, thereby limiting dysplasa and subsequent
progression to endometrial cancer. Therefore, if the use of
nonhormona 1UDs had a protective effect on cancer
development, then an association of the IUD that contains
progesterone will likely have a smilar or additive protective
effect. To date, there are insufficient published data to address
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the difference in association between types of IUDs and risk of
endometria cancer.

Identified risk factors for endometrial cancer have the po-
tential to biasrisk estimates if not adjusted for in the analyses.
The four important risk factors for endometrial cancer (age,
obesity, nulliparity, and type 2 diabetes mellitus) were not
consistently adjusted for across the 10 studies included in this
meta-analysis. Each of the 10 studies, except for one (14),
adjusted for age. None of the 10 studies adjusted for all four
risk factors and only two studies adjusted for at least three of
the risk factors (6, 15). Protective factors for endometrial
cancer include any previous use of combined ord
contraceptives, tobacco use, and increased parity. Only one of
the 10 studies adjusted for al three protective factors (6).
Surprisingly, only two studies adjusted for combined oral
contraceptive use (6, 14), which confers a lifelong protective
effect (25). Failure to adjust for combined ora contraceptive
use could potentialy bias the protective association between
IUD use and endometrial cancer toward a greater magnitude.

Socioeconomic status (SES) often influences hedthcare
behaviors and may have influenced the study populations in-
cluded in this meta-anadysis, based on differences in access to
contraceptive methods (26). Conversdly, other literature has
suggested that 1UD use rates do not differ by SES (27). In this
review we were not able to discern how SES may have
influenced the study population and therefore cannot assess
potential bias.

It may not be possible at this point in time to discern the true
magnitude of the proposed association between 1UD use and
endometria cancer in reproductive-aged women because of
the low incidence of endometrial cancer in premenopausal
women and the limited IUD exposure in postmenopausal
women included in this meta-anaysis. The age range of
women included in this meta-analysis was 20-74 years. The
percentage of cases in each age stratum was not waell
enumerated in the 10 studies; however, it is likely that the
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magjority of endometrial cancer cases were skewed toward
older age, consisting primarily of postmenopausa women.
The magjority of women who are diagnosed with endometrial
cancer are not likely to be current 1UD users. Correspondingly,
the number of endometrial cancer cases in women of
reproductive age is limited. In the study with the youngest age
bracket of women, 75% of the endo-metrial cancer cases were
diagnosed in women between the ages of 45 and 54 years,
which would likely correspond to perimenopausa status (11).
Considering the disparity in age between IUD use and
diagnosis of endometrial cancer, there is a potential for
exposure recall bias.

An overall magnitude of association can be estimated,
through increased statistical power, without the collection of
new data. The collective review of individua studies can lead
to the identification of gaps in previous research or
knowledge, thus potentially leading to the generation of new
hypotheses.

Endometrial cancer can be confirmed through an endo-
metrial biopsy. Of the 10 studies that were reviewed in this
meta-analysis, al except three (12, 17, 18) clearly stated that
each of their cases had a histologically confirmed diagnosis
of endometrial cancer. The other three studies were unclear.
Since most registries and hospitals require confirmation of
cancer diagnoses, we assume that these three studies had
confirmed cases but did not report this detaill in their
publications. However, we examined this further by con-
ducting sensitivity analyses that excluded these three studies.
This showed similar point estimates (OR = 0.53 for ever-use
of 1UDs) with wider confidence intervals that remained
significant. Similar results were seen for measures of
duration.

There were several inherent limitations to this meta
analysis. It is difficult to assess the overal level of biasin a
meta-analysis. When anayses were stratified by study
design, no differences were seen. Therefore we can assume
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that the studies were comparable. In interpreting the
associations, it must be considered that the individual studies
adjusted for a variety of potential confounders, potentially
influencing the level of bias in individua studies. In this
meta-analysis, not every study controlled for each potential
confounder. Thus the data for the individual studies may be
biased in either a protective or an increased association
depending on what factors were adjusted for. Since not al of
the studies reported all duration measures of IUD use, the
statistical power may be limited for several subanalyses.
Additionally, it is unclear whether studies included in this
meta-analysis that did not report on years of use or type of
device originaly collected such information. If the
information was in fact collected, but not reported, then this
would constitute aform of publication bias.

There have been a limited number of published studies
addressing the association between 1UD use and endome-tria
cancer. It is more common for studies finding a postive
association to be published than those concluding null asso-
ciations (28). With only three or four studies reporting duration
of use, latency, and recency, publication bias anong measure
of duration may exist, resulting in a bias of the overdl
magnitude and direction of the proposed association.

In conclusion, this meta-analysis found a protective asso-
ciation among women who reported ever-use of an IUD and
risk of endometria cancer. Future investigations should ad-
dress the difference between exposure for the three types of
IUDs-inert, copper, and hormonal. However, this study
population may not be feasible because of exposure to mul-
tiple types of IUDs or exposure to nonhormona IUDs and
combined ora contraceptives. As time increases since IUDs
were first marketed, it will be more feasible to study cohorts of
women to assess the association between latency, recency, and
duration of IUD use and risk of endometrial cancer, primarily
in relation to the hormonal component. A large cohort study
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would provide the ability to consistently control for potentia
confounders.
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Most women and their clinicians are unaware that lUDs
confer important noncontraceptive health benefits. This
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review summarizes the evidence from published articles on
this topic. We conducted a series of systematic literature
searches to identify articles on the noncontraceptive health
benefits of IUD use. We reviewed the potentially pertinent
ones for content, grouped them according to type of 1UD, and
evauated them using the U.S. Preventive Services Task
Force rating system. Over 500 titles were identified and
several hundred abstracts were reviewed. Use of
nonhormonal 1UDs (plastic and copper) was associated with
a decrease in endometrial cancer. The levonorgestrel
intrauterine system can treat a variety of gynecologica
disorders, including men-orrhagia and anemia. The
levonorgestrel system has also been used successfully as part
of hormone replacement therapy, as adjuvant therapy with
tamoxifen, and as an alternative to hysterectomy for women
with bleeding problems. Like oral contraceptives, intrauterine
contracep-tives confer important noncontraceptive health
benefits.

Target Audience: Obstetricians & Gynecologists, Family
Physicians

L earning Objectives: After completion of this article, the
reader will be able to describe the currently marketed IUDs
in the U.S,, to summarize the current literature about the
noncontraceptive benefits of IUD use, and to list the
noncontraceptive benefits of IUD use.

Intrauterine devices (IUDs) are known worldwide as
contraceptives, but they also provide avariety of
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Gynetics, GynoPharma, Mead-Johnson, Organon, Ortho-
McNeil, Schering, Schmid, and Searle; is on the speakers
bureau of Berlex Laboratories, Gyno-Pharma, Ortho-McNell,
Parke-Davis, Pharmacia-Upjohn, and Wyeth-Ayerst; and has
received research grant support from Ber-lex Laboratories,
Ortho-McNeil, and Wyeth-Ayerst.

The noncontraceptive uses of intrauterine devices discussed
in this article have not been approved by the U.S. Food and
Drug Administration. noncontraceptive heath benefits.
Although many  ar-ticles have chronicled the
noncontraceptive benefits of oral contraceptives (1-4), the
health benefits of intrauterine contraception are less well
known and appreciated. Because IUDs are the most
commonly used reversible contraceptive in the world today
(5), the public health impact of disease protection and genera
health benefits that IUDs may provide may be substantial.

Two IUDs are currently marketed in the U.S. The copper
T380A device (ParaGard, Ortho-McNeil Pharmaceutical
Corp, Raritan, NJ) was approved by the FDA in 1984 and
became available in the U.S. in 1988. Copper was first placed
on plastic T-shaped devices in the 1960s, after researchers
discovered the element’s contraceptive properties. A dose-
response relationship was established, culminating in the
prod-uct that now contains 380 mm2 of copper surface. The
device is approved for 10 years of contraceptive protection,
although data support high efficacy as long as 12 years (6).
The T380A isthe most used IUD worldwide.

In December 2000, the FDA approved the levonorgestrel-
intrauterine system (LNG-IUS); it is marketed under the
name of Mirena (Berlex Labora-tories, Wayne, NJ). This
plastic device is aso T-shaped and the vertical stem is a
reservoir containing 52 mg of levonorgestrel. It releases 20
pg of levonorgestrel per day over a period of 5 years,
although data support effectiveness for aslong as 7 years (7).

In recent years, severa review articles on the ther-apeutic
uses of hormone-releasing 1UDs have been written (8-10),
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but none has summarized al the possible therapeutic uses in
asystematic fashion. Inthe U.S., the LNG-1US was approved
as a contracep-tive only; we discuss research of other
indications that represent unlabeled use. Older types of 1UDs
(nonmedicated and copper-bearing) seem to be asso-ciated
with protection from numerous gynecological maladies,
however, this information has not been assembled in one
article. This article summarizes the noncontraceptive benefits
of 1UD use and expands on past reviews (11) by evauating
the strength of the evidence.

METHODS

We conducted several online searches to collect pertinent
English-language articles for this review. In Popline (June
2000 database), we located 103 articles with the following
strategy: 1UD [Beneficial Effects] or IUD [Therapeutic Usg]
or IUD, UNMEDICATED [Beneficial Effects] or 1UD,
UNMEDICATED [Therapeutic Use]. We aso conducted
separate PubMed (National Library of Medicine) searches:
“intrauterine  devices AND fibroids” (50 articles);
“intrauterine devices AND (cancer OR neoplasm)” (379
articles); “intrauterine devices AND endometri-osis’ (51
articles). To make sure key research on the levonorgestrel-
IUS was not missed, we searched PubMed on that phrase and
located 335 articles. Finally, we searched the Cochrane
Library for arti-cles on hormone replacement therapy and
heavy menstrual blood loss, and added any original re~search
articles cited in the Cochrane topics to our review. For al the
articles found in the initial searches, we removed duplicates
and selected a subset for additional examination if they were
original reports.

We divided the papers into two groups, depending on
which type of IUD was investigated in the article.
Nonmedicated and copper 1UDs formed one group and
hormone-releasing IUDs formed another group. The articles
we found on nonmedicated and copper IUDs were
epidemiologic studies focusing on cervi-cal cancer
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(published reports on cervical intragpithe-lial neoplasia were
excluded from this review), en-dometria cancer, and
endometriosis. In these studies, retrospective data were
collected on previous IUD use and most articles reported
odds ratios for the association between previous IUD use and
the end point of interest. In some instances, as noted in the
tables, the published papers did not report odds ratios in the
form we required for this review; we used data from the
published reports to compute the crude odds ratios and 95%
confidence intervals. We distin—-guished between crude and
adjusted confidence in-tervals in our tables. Many of the
papers provided subanalyses examining type of IUD,
duration of use, and timing of use; we reported many of these
find-ings from subanalyses in our tables. The literature on
hormonal IUDs was generally derived from prospec-tive
trials focusing on gynecological problems; all the articles
involved the levonorgestrel system only. Treatment effects
were compared with an aternative therapy, baseline
measurements, or in some cases both. Where available, we
reported whether such comparisons were statistically
significant using a P value of ~.05. After collecting and
reviewing the reports on both types of 1UDs, we used the
U.S. Preventive Services Task Force rating system (12) to
grade the quality of evidence and the strength of
recommendation that can be based on that evidence.

RESULTS

Copper-bearing and nonmedicated (plastic only) IUDs have
several noncontraceptive benefits, includ-ing probable
protection against endometrial cancer (Table 1). Seven
studies reported the relationship between previous copper or
nonmedicated IUD use and endometrial cancer (13-19). In
al but one study, previous IUD use was associated with a
decreased risk of endometrial cancer. The studies by Salazar-
Martinez et a. (13), Hill et al. (15), and Castellsague et al.
(18) al reported statistically significant associ-ations
between IUD use and a decrease in the risk of endometrial
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cancer. Of note, the landmark Cancer and Steroid Hormone
Study of the Centers for Dis-ease Control and Prevention was
one of the studies to report significant protection against
endometrial can-cer (18). Three articles (14, 16, 17)
suggested a protective effect of 1UDs, but the measures of
effect were not statistically significant. The final article (19)
was based on research in China, where the steel ring IUD
was used; the findings suggest that this type of IlUD does not
protect against endometrial cancer. The majority of articles
on endometrial cancer also reported subgroup anayzes
focusing on factors such as type of 1UD and duration/timing
of use. In general, no consistent pattern emerged from the
articles to suggest that length or timing of use, or type of IlUD
was associated with an increase or decrease in the risk of
endometrial cancer.

Cervical cancer was addressed in three articles (20-22)
(Table 1). Although all three suggested a possible protective
effect from previous IUD use, none was dtatistically
significant. Each article re-ported subanalyses involving lUD
use variables, and only the work by Li and colleagues (20)
showed a statistically significant decrease in risk of cervical
cancer in one subgroup: women who began intrauter-ine
contraception before age 33 years. Because the research by
Li and colleagues (20) was done in China when the steel ring
IUD was dominant, their findings apply to only this type of
device.

We found seven articles (23-29) addressing the
relationship between past use of an IUD and endo-metriosis
(Table 2). Three of these articles (23, 24, 27) suggested an
increased risk, but none was statis-tically significant. Of the
two articles suggesting a possible protective effect (25, 26),
only the results of Mahmood and Templeton (26) were
statistically sig-nificant. As noted in Table 2, in all but one
article, the odds ratios provided in this review were calcu-
lated from data presented in the published article.
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The last two articles (28, 29) did not provide data from
which overall odds ratios could be calculated, although
Kirshon and Poindexter (28) suggested IUD use is positively
associated with endometriosis.

The LNG-IUS has two distinct categories of benefits that
will be described separately; the first concerns the ancillary
health benefit or disease pro-tection that this device confers,
relative to the copper IUD (Table 3). Two large, randomized-
controlled trials, subsequently referred to as the European
tria and the multicontinent trial, compared the LNG-IUS
with the Nova-T (copper) IUD and the copper T380 device,
respectively. In the European trial, pelvic inflammatory
disease (PID) rates were significantly lower among LNG-
IUS users at 5-year (30) and 3-year follow-up (31). In the
multicontinent trial (7), PID rates did not differ significantly
between LNG-1US and copper-T users a 2, 5, and 7 years
after insertion. In a retrospective cohort study, Merki-Feld
and colleagues (32) compared the incidenceof acti-nomyces-
like organisms (ALO) in users of the LNG-IUS and users of
copper 1UDs; they found that ALO-positive PAP smears of
the cervix were signif-icantly more common in users of
copper IUDs com-pared with LNG-IUS users (20% vs. 3%).

In all four articles (7, 30, 33, 34) addressing hemoglobin
changes, the LNG-IUS was shown to increase the
concentration over measurements taken before insertion of
the device (Table 3). The net gain in hemoglobin
concentrations varied depending on the length of follow-up,
ranging from as little as 0.5 gm/dl after 2 years (34) to as
much as 1.6 gm/dl after 5 years (30). Both the European and
multicontinent trials showed decreases in hemoglobin
concentra-tions among users of copper IUDs.

TABLE1

Estimates from case-control studies on cancer and previous
use of nonmedicated and/or copper IUDs

* * %
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TABLE 2
Studies on endometriosis and previous |UD use

* * %

TABLE 3

Selected health benefits/disease protection from using the
levonorgestrel (LNG) intrauterine system

* k% %

The second category of papers on the LNG-IUS addresses
the numerous therapeutic uses of this de-vice (Table 4).
Idiopathic menorrhagia responds favorably to the
levonorgestrel system; al nine stud-ies (35-43) using a
variety of designs and measures, showed positive results. The
seven articles that mea~sured menstrual blood |oss estimated
reductions of 74% to 97%. Four (37, 41-43) of the six
studies used the akaline hematin method (44, 45) for
mea~suring the amount of menstrual blood, and three studies
(35, 39, 40) used menstrua diaries (46) to estimate the
amount of blood loss. Lahteenmaki and colleagues (38) used
menstrual diaries to record the number of days of bleeding,
not amount of bleeding; after 12 months, women using the
levonorgestrel device reduced their number of days of
bleeding by about 50%.

Many hysterectomies are performed because of heavy
menstrual blood loss that has become intoler-able; two
studies reported the LNG-IUS as a possible aternative to
surgery. Both studies were random-ized trials, assigning
either continued conservative (medical) treatments or the
LNG-IUS for women who were contemplating hysterectomy.
The proportion of women canceling their planned
hysterectomy in the LNG-IUS arms of the two triads was
80% (47) and 64% (38); this compared with 9% and 14%,
respectively, of women assigned to the medical treatments.
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TABLE4
Therapeutic uses of the levonorgestrel intrauterine system
(LNG-1US)

* % %

Two articles addressed uterine fibroids; the be-fore-after
study by Starczewski and Iwanicki (48) involved 12
participants and concluded that the LNG-IUS reduced
bleeding from uterine fibroids but did not reduce the size of
the fibroids, based on ultrasound measurements. The other
publication, a case report (49), noted an increase in
hemoglobin from 5 gm/dl to 11 gm/dl and a decrease in
fibroid volume. The LNG-IUS has aso been tested in a
population of 25 women with adenomyosis-associ-ated
menorrhagia (50); the therapy reduced bleeding and reduced
uterine volume, as measured by ultramsound. Only one study
(51) was located that exam-ined anemia; the researchers
found that the LNG-1US reduces the prevalence compared
with nonusers or users of other IUDs.

Because oral progestins used in hormone replace-ment
therapy can cause frequent and irregular bleeding in some
women (52), severa groups of researchers sought to
determine whether the LNG-1US could avoid the effects of
systemic progestin and mitigate bleeding. In all published
articles on this topic (53-60), the LNG-IUS was found to
reduce bleeding, as measured by the number of menstrual
days, spotting days, or induced amenorrhea. In the subset of
research that involved randomized trials comparing the LNG-
IUS with other means of deliv-ering progestins (54-56, 58),
the LNG-IUS was su-perior (in reducing bleeding) to the
comparison methods in all but one study (55). Finaly, as an
adjuvant to tamoxifen therapy in women with breast cancer,
the LNG-IUS caused a decidual response in the endometrium
of all treated women (61); this in turn protected women from
the uterine effects of tamoxifen.

CONCLUSIONS
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The collected evidence supports several conclu-sions about
noncontraceptive benefits of contempo-rary 1UDs (Table 5).
Case-control studies (level 11-2 evidence) provide fair
evidence that use of nonmedicated or copper 1UDs protect
against endometrial cancer (class B recommendation).
Because random-ized, controlled trials cannot be done, level
[1-2 stud-ies will be the most rigorous evidence available.
Case-control studies of cervical cancer and endometriosis are
inadequate to reach a conclusion (class C recommendation).

TABLES

U.S. Preventive Services Task Force ratings (12) as applied
to research on the noncontraceptive benefits of 1UD

* % %

Concerning the LNG-IUS, randomized, controlled trials
have produced conflicting conclusions regard-ing pelvic
inflammatory disease; the European trial which compared the
LNG-IUS with the Nova T copper 1UD found a significant
reduction in risk, whereas the multicontinent trial (using the
copper T380 as a comparison) found no differences in risk.
Compelling level | evidence indicates important im-
provements in hemoglobin concentration (class A
recommendation), and level 11-3 evidence supports a role in
preventing anemia (class B recommendation). Strong
evidence from randomized controlled trials shows the LNG-
IUS to be an effective treatment for menorrhagia (class A
recommendation). Small case-series reports (level 11
evidence) provide some evi-dence for a beneficia effect in
treating heavy bleed-ing related to fibroids, athough the
evidenceistoo limited to make a recommendation.

The studies on the LNG-IUS as an dlternative to
hysterectomy were well conducted (level | evidence) and
showed conclusively that when offered this method, women
will cancel their procedure in pro-portions far exceeding that
of women assigned to continue their current therapy. Level |
evidence aso strongly supports the usefulness of the
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levonorgestrel system as an adjunct to hormone replacement
therapy (class A recommendation). One randomized,
con—trolled trial has aso found benefit in preventing
endometrial hyperplasiain women receiving tamoxifen (class
B recommendation).

DISCUSSION

Like combined ora contraceptives (62) and inject-able
depotmedroxyprogesterone acetate (63), non-medicated and
copper 1UDs seem to help prevent endometrial cancer.
However, because of the diffi-culties in assessing causal
relationships in case-con-trol studies, this protective effect
must be viewed cautiously. The mechanism involved is
unknown. The IUD might protect the endometrium against
can—cer by interfering with localized response to hor-mones
and or by altering the production of hormones that are often
associated with cancer development. Alternatively, the sterile
inflammatory reaction may be hostile to atypica histology
that might otherwise lead to cancer.

On a global scale, the public health impact of IUD use may
be large. For example, in the U.S., endome-trial cancer is the
most common gynecological ma-lignancy. Because over 100
million women world-wide currently use IUDs, even modest
protection against endometrial cancer may avert thousands of
deaths due to this cause. Although women are un-likely to
choose an IUD expressly to prevent endo-metrial cancer, this
information should probably be discussed as part of routine
counseling. Given the powerful suppressive effect on the
endometrium, the levonorgestrel system should also protect
against en-dometrial cancer, although studies to date have
been limited to women receiving tamoxifen (61).

Despite the seemingly strong evidence that the LNG-IUS is
an alternative to hysterectomy (provided by level | evidence),
we decided on a class B rec-ommendation because of
concerns that perhaps the women using the LNG-1US were
merely giving the method an honest chance to improve their
condition; women who were not randomized to the LNG-IUS
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had nothing to compel them to cancel their hyster-ectomy
procedure. Longer follow-up periods are needed to document
the incidence of hysterectomy among the women assigned to
the LNG-IUS.

In contrast to the nonhormonal 1UDs, the LNG-1US will be
used specifically for many noncontra-ceptive purposes.
Current off-label uses in the U.S. include treatment of
menorrhagia, treatment of dys-menorrhea, and use as
hormone replacement therapy. The list of potentia
therapeutic applications will likely grow as its use expands
around the world.

We broached the topic of IUDs and pelvic inflam-matory
disease because some research has shown that the LNG-IUS
confers protection compared with other IUDs. This possible
protective effect has bio-logic plausibility in two major ways.
First, because levonorgestrel thickens the cervica mucus,
bacteria may have a more difficult time ascending into the
upper genital tract. Second, because of reduced menstrua
blood loss with a LNG-IUS, there is less opportunity for
retrograde menstruation to occur. More research is needed to
determine whether the LNG-1US, indeed, provides clinically
significant protection.

Our review has both strengths and weaknesses. The
methods we used were comprehensive and standard-ized;
they included an explicit search strategy, a thorough search
for relevant articles (64, 65), and a quantitative assessment of
the strength of evidence using widely accepted criteria (12).
However, severa limitaions may have biased our
assessment. For ex—ample, some relevant articles may have
escaped our attention because the authors did not report
outcomes of interest in their abstract. Although our review
may have missed some articles, we do not believe this would
introduce systematic bias. Publication bias (66) is another
concern that must be raised; our conclusions may be biased if
favorable findings on these topics were more likely to be
published than unfavorable results. This might exaggerate the
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poten-tial benefits. Publication bias is probably more of an
issue in research involving the levonorgestrel device.

The IUD today poses a global paradox. Although the most
common reversible contraceptive method in the world, it has
the worst reputation of all contra-ceptives. . .except among
those using IUDs (67). Mass media clearly influences
women’ s decisions about contraceptive choices (68); over the
past 20 years, the media have focused on adverse effects of
IUDs. In recent years, many gynecologists have pointed out
that today’s IUDs deserve a fresh look (69-72). Clinicians
and, importantly, the media now have an ethical obligation to
inform women that IUDs are not only safe and effective
contraception, but they also have important health benefits.
Without this information, women cannot make truly
informed choices about contraception.
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Abstract

Objective: Although the intrauterine device (IUD) is one of the
most widely used forms of contraception throughout the world, its
potential long-term effects on the uterus have not been thoroughly
evaluated. This paper reports the long-term results of IUD use on
the incidence of endometrial cancer. Study design: The datais part
of a nationwide case-control, pilot study that was undertaken in
order to evaluate the possible influence of ovulation induction
drugs on the risk of endometrial cancer. The study included 128
living women 35-64 years old, with a histologically confirmed
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diagnosis of endometria carcinoma. The controls were 255
women from the same dialing areas selected by random digit
dialing. A multivariate logistic model, controlling for age, was
used to assess the independent effects of factors found to be
significantly associated with endometrial cancer on univariate
analysis. Results: The following parameters were found to be
independently associated with endometrial cancer controlling for
age: nulliparity OR = 2.7 (95% CI 1.1-6.5, P = 0.03); history of
infertility OR = 1.8 (95% CI 1.0-3.3, P = 0.05); BMI > 27 OR =
2.3(95% CI 1.4-3.8, P = 0.001).

The use of oral contraceptives and IUD were found to be
protective; OR = 0.29 and 0.37, respectively, (95% CI 0.14-0.61,
P = 0.001, 0.19-0.70, and 0.003, respectively). Conclusions: IlUD
use may have a protective effect on endometrial cancer risk. The
protective effect of IUD may be either, through the intense
inflammatory response that leads to other lisosomal and
inflammatory actions, which may include cells responsible for
early elimination of hyperplastic endometrial epithelial cells or, the
more complete shedding of the endometrium associated with IlUD
use may decrease hyperplasia of the endometrium, a known risk
factor for endometrial carcinoma.

© 2002 Elsevier Science Ireland Ltd. All rights reserved.

Keywords: Contraception; Endometrial cancer; Epidemiology;
Intrauterine device (IUD)

1. I ntroduction

Although IUD use is one of the oldest and the most widely used
form of contraception throughout the world, its potential long-term
effects on the uterus have been poorly evaluated.

Since early this century, sporadic attempts have been made to
design an intrauterine device (IUD) that would prevent pregnancy
without serious adverse effects. In the 1960's, Lippes (1962) and
Margulis (1964) described the flexible plagtic devices, which are
the basis for the present IUDs in use. The IUD is believed to
induce an intense local inflammatory response, which leads to
recruitment of phagocytic cells and mast cells, and to provoke
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lysosomal activation, and proteolytic enzymes release from this
cells into the uterine cavity [1-3]. Furthermore, scanning electron
microscope studies of the endometrium in IlUD-wearing women,
show alterations in the surface morphology of cells, especially of
the microvilli of ciliated cells [4] and reduction of ciliated cells
with impairment of the secretory activity in the epithelium next to
the device [5]. Other reports indicated dterations in the
composition of proteins within the uterine cavity [6], and
aterations in endometrial response to estrogen and progesterone
[7.8].

The epidemiological data on the relationship between 1UD use
and endometria cancer is scanty, and only few have examined the
possibility of such alink. To expand the existing data we report a
secondary analysis of a pilot case-control study from Israel.

2. Material and methods

The general design of this study is fully described in our previous
report [9]. In brief, cases of endometrial cancer were identified
from the Israel Cancer Registry. Cases were dligible for this study
if they had a histologically confirmed diagnosis of endometrial
carcinoma that was first diagnosed and reported between 1 January
1989 and 31 December 1992; if they were born between 1 January
1929 and 31 December 1957; and if they were alive at the time of
interview. Only living cases were used such that ascertainment of
exposure was based on personal interviews exclusively.

Controls were obtained by telephoning randomly selected
numbers within the same area codes as those of the cases, a
method closely resembling that reported by Hartge et al. [10], and
were interviewed during the same period as the cases. Thus, cases
and controls were matched for geographic area by the sampling
procedure. Eligibility for the control group was based on date of
birth in the identical range to that of the cases. Once a household
was reached, the interviewer asked if a woman born between 1
January 1929 and 31 December 1957 resided there. Women who
had undergone hysterectomy were excluded as controls.

3. Statistical analysis



388a

The data were analyzed using SPSS for Windows (SPSS Inc.,
Chicago, IL). The association between case and control status and
demographic and clinical parameters was assessed using w? for
categorical variables and t-test for continuous variables. Variables
found to have a datistically significant association with
endometrial cancer on univariate analysis were entered into a
stepwise logistic regression model, which controlled for age. The
criterion for entry for the model was P = 0.05 and for removal
from the model was P = 0.10. Ninety-five percent confidence
interval for adjusted odds ratios for the logistic model were
calculated using computer programs for epidemiological anaysis
PEPI version 2.06."

The study protocol was submitted and approved by the
ingtitutional review board of Hadassah Medical Organization and
the Ministry of Health. For legal reasons, women located via the
Cancer Registry could not be contacted directly. Rather, their
physicians were contacted and consent to interview the patient was
obtained through them. Verba consent was obtained from both
cases and controls.

4. Results

Before and during the study period, 21.6% of women with
endometrial cancer reported to the Cancer Registry between the
above dates had died. Of the 325 living women who could be
included, we interviewed 128 (39.1%). The others were not
interviewed because of inability to locate the patient or physician
(69.3%), illness (5.0%), refusal of the physician (4.0%) or refusa
by the patient (21.6%). Cases dive at the time of interview that
were not interviewed, were compared with cases who participated
and cases who were interviewed. There were no significant
differences in age, area of residence, or histology. The distribution
of cases and controls according to demographic and clinical char-
acteristics is presented in Table 1. Cases tended to have a history
of hypertension (24.8% versus 13.7%), and to be more obese (BMI
greater or equal to 27). The study group had a mean BMI of 29.01
whereas the mean BMI was 25.93 in controls (P = 0.0001). Family

! Galinger PM, Abramson JV. Copyright 1993-1997, USD Inc., Stone
Mountain, Georgia.
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history of endometria cancer, a history of diabetes, and smoking
were not different between the two groups. Obstetric and
gynecologic characteristics, which were significantly different
between controls and cases, were: a history of infertility (25.8%
versus 16.5, P = 0.05), nulliparity (14.8% versus 5.1% P = 0.005),
with no significant difference found for months of breast-feeding.

In our study, 19/128 (14.8%) of the cases and 121/256 (47.5%)
of the controls were ever users of 1UD. We found a significant
negative association between IUD use and endometrial carcinoma.
A similar negative association was demonstrated for oral
contraceptive use, P = 0.00001 for both, Table 2.

Variables found to have statistically significant association with
endometrial cancer on univariate analysis were entered into a
stepwise logistic regresson model, which controlled for age.
According to the model, factors found to be significantly more
prevalent in cases were; Obesity (BMI > 27) with an adjusted OR
= 2.47; infertility OR = 1.82; and nulliparity OR = 2.58.

Use of 1UD and ora contraceptives were found to be protective
(adjusted OR = 0.37 and 0.29, respectively).

5. Discussion

The results of our study suggest that IUD use significantly
reduces the risk of endometrial cancer. After controlling for
confounding factors such as. age, nulliparity, family history of
endometrial cancer and other factors, ever users of lUD had an OR
of 0.37 (95% CI 0.19-0.70, P = 0.003) to develop endometrial
cancer as compared to non-users of 1UD.

Our results are in agreement with those of the few papers
published on this subject.

Castellsague et a. [11], reported the data from a large,
multicenter, population-based, case-control study of epithelia
endometrial cancer. The study included 437 cases and 3200
randomly selected controls. The adjusted OR for the association of
ever users of IUD and endometrial cancer was 0.51 (95% CI 0.3—
0.8).
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Tablel
Selected sociodemographic and clinical characteristics of cases
and controls

* k% %

Parazzini et al. [12], reported similar results from a case-control
study conducted in Italy between 1983 and 1992. Their study
included 453 cases with histologically confirmed endometrial
cancer and 1451 controls. When compared to never users, ever
users of IUD had areativerisk of 0.4 (95% CI 0.1-1.0).

Sturgeon et al. [13], examined the relation between use of 1UD
and endometrial cancer risk using data from a multicenter case-
control study comprising 405 endometrial cancer cases and 297
controls. IUD use was associated with a decreased risk of
endometrial cancer (OR = 0.56 for ever use; 95% CI 0.3-1.0).

Table?2
IUD and oral contraceptives use of cases and controls

* % %

Hill et a. [14], reported similar results from a population-based
case-control study. The study included women aged 45-74 from
three counties in Washington State. They have found arisk of 0.61
(95% CI 0.41-0.89) of endometrial cancer in ever users of IUD as
compared to a control group. The reduction in cancer risk was not
found to be dependent on duration of 1UD use. The relative risk
among a small number of current users was 0.49 (95% CI 0.12—
2.80).

However, data collected from seven countries [15], for a
multinational case-control study, with 226 cases of endometria
cancer compared with 1529 matched controls, found no significant
association between use of an IUD and risk of endometrial cancer
(OR = 0.74, 95% CI 0.4-1.33). There were no trends in risk with
respect to duration of use, time since first use, or ages at first or
last use.

Theoreticaly IUD use may decrease endometrial cancer risk
through at least two mechanisms: first the protective effect of 1UD
may be through the intense inflammatory response that leads to
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other lisosomal and inflammatory actions which may include
recruitment of cells responsible for early elimination of abnormal,
precancerous, hyperplasia endometria epithelial cells. Another
theoretical mode of action may be that the more complete shedding
of the endometrium, and the changes in endometrial environment
and endometrial response to hormones associated with IUD use
may decrease hyperplasia of the endometrium, a known risk factor
for endometrial carcinoma.

Our study had a number of limitations. One of the main
limitations was that the study was not primarily designed to
examine such an association. Furthermore, mainly for technica
reasons, we were not able to interview the mgjority of cases who
were gtill alive. This may have introduced considerable bias since
non-interviewed cases, as well as those who had died prior to
interview may have differed substantially from interviewed cases.
We had no access to the medical records of subjects, thus we could
not verify the information about 1UD use that was obtained from
the study participants, and under-reporting cannot be excluded.
The potential for non-response bias is present due to the low
response, which raises doubts for whether the study group is
representative. However, a comparison between cases and those
who did not participate in the study shows that the age, area of
residency and histology in the two groups were not different.

Cases were at least 3 years and up to 7 years older than controls
a time of interview, which might explain difference in
contraceptive history, aswell asrecall of other exposures.

In conclusion, the scanty available epidemiological data,
including ours, is reassuring and points toward a protective effect
of IUD use on endometria cancer risk. However, the existing data
is based on case-control studies, which were not designed to
address such an association. Thus, the results should be interpreted
carefully. Larger especially designed studies are warranted, as the
use of IUD isincreasing.
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Data from a population-based case-control study were
used to evaluate the risk of endometrial cancer among
women who have used an intra-uterine device (1UD).
Incident cases were identified between 1985 and 1991
among women aged 45-74 years who were residents of
one of 3 counties in Washington State. Controls were
selected by random digit dialing, and both groups of
subjects received an in-person detailed interview. In this
study population, women who had ever used an IUD were
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estimated to have a risk of endome-trial cancer that was
0.61 times that of other women (95% CI 0.41-0.89). The
reduction in cancer risk was not found to be dependent
on duration of 1UD use. There was a suggestion that
women who had used intra-uterine contraception
relatively late in reproductive life experienced a greater
reduction in risk than those whose use was more distant
or at a younger age. The relative risk among the small
number of women who were currently using an lUD was
0.49 (95% CI 0.12-2.80). These results apply to the use of
inert and copper 1UDs as there was no use of progestin-
releasing 1UDs among women in the study population.
The data from this and several other studies of the
guestion support the hypothesis that use of an IUD has a
favorable effect on the subsequent risk of endometrial
cancer. The reason(s) for such a reduced risk is unclear.
Int. J. Cancer, 70:278-281, 1997.

© 1997 Wiley-Liss, Inc.

To date, 4 studies have examined the possibility that use of
an intra-uterine device (IUD) alters a woman's subsequent
risk of endometrial cancer. Two have observed that women
who had ever used an IUD had half or less the risk of
endometrial cancer as never-users (Castellsagué et al., 1993;
Parazzini et al., 1994), while in athird, risk among users was
0.7 that of non-users (Rosenblatt et al., 1994). However, the
4th study found that IUD users and non-users had a similar
incidence (Shu et al., 1991).

The presence of an 1UD is known to alter the intra-uterine
environment. The IUD evokes a number of immunological
and biochemical changes, including localized acute and
chronic inflammation (Moyer and Mishell, 1971) and
increases in cytokine expression (Ammalaet al., 1995). IUDs
aso have been associated with elevations in uterine
prostaglandins (Toppozada, 1985) and fibrinolytic activity
(Liedholm et al., 1983). IUDs induce morphological changes
such as ulceration and erosion of surface epithelium and
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exposure of the underlying basement membrane (Shaw and
Macaulay, 1979). It is not clear whether these or other
responses to the presence of an IUD ought to alter the risk of
endometrial cancer development after the device has been
removed.

Although use has declined in the United States in recent
years, an IUD is used by over 93 million women
internationally (Shah, 1994), so the question of a relation to
endometrial cancer is an important one. Furthermore,
understanding the relationship between 1UD use and
development of endometria cancer, if one exists, may
suggest mechanisms by which endometrial cancer may be
prevented.

Previous studies of endometrial cancer have included
relatively few women who had used 1UDs and, therefore,
have not been able to examine specific patterns of use. As
part of severa case-control studies investigating endometrial
cancer risk in western Washington, we were able to evaluate
the association further.

SUBJECTSAND METHODS

The Cancer Surveillance System, a population-based
cancer registry, identified women newly diagnosed with
epithelial endometrial cancer in western Washington during
the study period. Cases diagnosed during 1985 and 1986
were included in the study if they were residents of King
County and 4564 years of age. Women residing in King,
Pierce and Snohomish counties were eligible if they were
diagnosed during 1987-1990 and were 45-74 years of age or
diagnosed during 1991 and 4569 years of age.

Of the 1,254 identified cases, 100 were deemed in€ligible:
72 women had a non-epithelial or in situ tumor, and the other
28 were excluded because they either were unable to
communicate in English, were not residing in a household in
the 3 county region or did not have a telephone when they
were diagnosed. Of the remaining 1,154 €eligible cases, 100
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died before interview, 222 were not interviewed because of
physician or subject refusal and one interview was lost. A
total of 832 cases (72%) are included in this anaysis.

Controls were identified using random digit diaing
(Waksberg, 1978) and were broadly matched to cases by
county of residence and by 5 year age group. Random digit
dialing calls to identify controls were initiated to 52,045
numbers, of which 26,405 were found to be non-residential.
Residential status could not be determined for an additional
2,113. Among the 23,527 identified households, in all but
877 it could be ascertained whether an eligible woman was a
household member. Of the 2,619 women found to be eligible
for the study, interviews were conducted with 1,975 (75.4%).
Included in this analysis are the 1,114 controls who did not
have a prior hysterectomy or prior endometrial cancer. Each
control was assigned a reference date, analogous to the date
of diagnosis of the cases, and al interviews collected data on
the experiences of cases and controls prior to the reference
date. Control reference dates were approximately matched to
those of cases on year of diagnosis, and within that year
reference months were assigned randomly.

All study subjects were interviewed in person by trained
interviewers, except that 3% of cases and 5% of controls
were interviewed over the telephone. Reproductive and
medical histories were collected as well as routine
demographic data. A detailed contraceptive history was
obtained using calendars to aid recall and photographs of
common IUDs, as wel as contraceptive and non-
contraceptive hormones. Subjects interviewed by telephone
received photographs by mail prior to interview.

Information on IUD use avallable for anaysis included
type of device used, duration of use, age at first and last use
and years since first and last use. Variables evaluated for
potential confounding included demographic variables, such
as age, ethnicity, county of residence, income and education,
as well as factors known or suspected to be related to
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endometrial cancer, such as oral contraceptive use; use of
estrogen alone or combined with a progestin; smoking;
number of births; incomplete pregnancies; age at menarche;
weight, height and body mass index; history of diabetes,
hypertension or infertility and treatment for any of these
conditions; and family history of endometrial or breast
cancer. We also evaluated potential confounding by factors
known or suspected to be related to IUD use: amenorrhea,
endometriosis, fibroids, ectopic pregnancy, age at last full-
term pregnancy, history of pelvic inflammatory disease or of
other sexualy transmitted diseases, number of sexud
partners and use of other methods of birth control.
Unconditional logistic regression was used to compute odds
ratios (ORs) and associated 95% confidence intervals (Cls)
for the relationship between IUD use and endometrial cancer
and to evaluate possible confounding or modification of this
relationship by other factors.

All analyses were adjusted only for variables that were
found to alter the OR estimate: age (45-54, 55-64, 65-74),
number of births (0, 1 vs. 2+) and use of unopposed estrogen
for 3 or more years (yes, no).

RESULTS

Cases were somewhat older than controls and were more
likely to be nulliparous or to have had only one birth, to have
a higher body mass index and to have used unopposed
estrogen for 3 or more years (Tablel). A higher proportion of
controls than cases reported having taken oral contraceptives.
Cases and controls were broadly similar according to
ethnicity, income and education.

A history of use of an IUD was reported by 5.2% of cases
(n = 43) and 10.6% of controls (n = 118). Compared with
nonusers, women who had ever used an IUD had a reduced
risk of endometria cancer (OR 0.61, 95% CI 0.41-0.89)
(Table 11). Few women (2 cases, 7 controls) reported that
they currently used an 1UD (i.e., within 1 year of reference
date), and their cancer risk was 0.49 (95% CI 0.12—2.80) that
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of never-users. Although the relative risk did not vary
substantially when evaluated among separate groups of
women with and without other risk factors for endometrial
cancer, estimates were imprecise because of small stratum
Sizes.

The length and timing of exposure to IUDs and age at first
and last use were examined to ascertain any differentia
association with endometrial cancer risk. The duration of
IUD exposure, once a woman became a user, was not
associated with risk (Table I1). There was a suggestion that
use relatively late in reproductive life might be related to a
reduced incidence of endometrial cancer.

Tablel
Characteristics of Endometrial Cancer Cases and
Control Women

* * %

We examined whether the type of intra-uterine
contraception was related to development of endometria
cancer. The most frequently reported IUD was the Lippes
loop (57.8%) (Table I11). The reduction in risk seen among
ever-users was not limited to a particular IUD. However, the
total number of women who used some types was very small,
and no women reported use of a progestin-releasing device.
Among women who had used a Lippes loop, risk did not
vary by duration of use.

DISCUSSION

Compared with women who had never used an IUD, the
risk of endometrial cancer was more than one-third lower
among those who had ever done so. The reduction in cancer
risk was not dependent on duration of exposure and was only
dlightly influenced by use that was more recent or ended at a
later age. Most women had ceased 1UD use over 10 years
prior to the reference date. Thus, the reduced risk was
unlikely to be due to screening for precursor lesions (such as
endometrial hyperplasia) that might take place among
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women being considered for an 1UD, the presence of which
might prevent women from becoming IUD users (Weiss and
Rossing, 1996).

Tablell
Use of An Intrauterine Device (IlUD) Among Endometrial
Cancer Cases and Control Women

* k% %

Tablelll
Intrauterine Device (IUD) Use Among Endometrial
Cancer Casesand Control Women According to Type of
Device

* % %

Our observations that neither duration of use, time since
first or last use or age at first or last use was appreciably
related to risk among 1UD users are consistent with those of
previous studies (Castellsagué et al., 1993; Rosenblatt et al.,
1994). The lower risk associated with IlUD use was most
apparent among women who were current users in one
investigation (OR 0.10, 95% CI 0.01-0.78) (Rosenblatt et al.,
1994), but there were too few current users in our study to
determine whether they had a notably decreased risk.

A number of potential biases should be considered in the
interpretation of the results. The study included about 72% of
eligible cases and 75% of €ligible controls, and any
differences in IUD use between participants and non-
participants could result in biased estimates of risk.
Differential recall between cases and controls is unlikely to
have influenced our data. It is unlikely that cases or controls
were aware of a potential association between IUD use and
endometrial cancer at the time of the interview. We believe
that women are likely to remember IUD use when
interviewed as a physician visit is required for insertion and
removal. Of potential concern is the fact that 16% of 1UD
users (n 5 26) did not recall the type of device. However, the
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reduction in risk associated with use was not confined to a
particular device.

Women who have practiced intra-uterine contraception
may differ from women who have chosen other methods by
their medical history or other factors that are related to
endometrial cancer risk. Currently, IUDs are contra-indicated
for women who have a history of pelvic inflammatory
disease (PID) or ectopic pregnancy or who have recent
unresolved conditions such as bleeding, infection or an
abnormal Pap smear (Tatum and Connell, 1989). However,
most women in our study used IUDs prior to the wide
application of these restrictions. Inclusion in the analysis of
variables indicating a history of PID or ectopic pregnancy did
not ater the OR estimate. Data were not available on the
remaining conditions. Compared to other women, those who
have experienced conditions such as amenorrhea, uterine
fibroids or infertility might have been less often given an
IUD or might have less often tolerated it. Adjustment in the
anaysis for a history of fibroids further reduced the OR
estimate dlightly, while inclusion of amenorrhea or a history
of infertility did not alter the risk estimate. Some residua
confounding could be present due to lack of data on
conditions, such as oligomenorrhea or anovulatory bleeding,
that are possibly related to IUD use and to imprecise
measurement of others, such as infertility, which required a
physician visit to be included in the analysis. However, these
conditions are at most only weakly related to endometrial
cancer and could not completely account for our results. In
summary, the characteristics of women who use IUDs do not
appear to explain the lowered risk of endometrial cancer
associated with lUD use in our data.

The presence of an IUD induces numerous physiologic
changes that could alter risk of endometrial cancer. The IUD
evokes a “foreign body” immune response in the
endometrium, characterized by localized inflammation and
increased concentrations of neutrophils, macrophages and
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plasma cells (Moyer and Mishell, 1971) and increased
expression of the cytokines interleukin 1 and tumor necrosis
factor a (Ammaa et al.,, 1995). Although the acute
inflammation generally subsides, tissue concentrations of
lymphocytes and macrophages remain elevated 2 years or
more after beginning use (Moyer and Mishell, 1971). The
sustained contact of an IUD with the endometrium is
associated with minor tissue trauma, including ulceration,
erosion and necrosis of the superficial layer of the epithelium
and exposure of the underlying basement membrane or
stroma (Shaw and Macaulay, 1979). Women using IUDs
have been reported to experience heavier menses than they
did prior to 1UD insertion (Guillebaud et al., 1976). Among
IUD users, increased fibrinolytic activity in endometrial
biopsy tissue (Liedholm et al., 1983) or increased uterine
fluid prostaglandin levels (Toppozada, 1985) have been
found in comparison with control or baseline values and may
be associated with the increased bleeding. Conceivably, some
or al of the above could contribute to a reduction in
endometrial cancer risk. However, the persistence of most of
these changes after IUD removal has not been investigated.

Hormonal changes occur in the endometrial environment
after IUD insertion, though their relevance to endometria
cancer incidence is uncertain. In animal studies, uterine
concentrations of estrogen or progesterone receptors were
lower among rats provided with suture-type IUDs than in
control animals (Myatt et al., 1980a,b). Estrogen uptake in
the uterus was found to be increased but progesterone uptake
unchanged among rats provided with copper IUDs, while no
variation was found in association with inert devices (Aedo
and Zipper, 1973). Few studies have examined hormonal
changes in women in relation to IUD use. Among women
using high-load copper 1UDs, endometrial progesterone
receptor concentrations were lower after 1 year than baseline
levels, but there was no difference among other copper 1UD
users (De Castro and Gonzalez-Gancedo, 1986). Hormone
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receptor concentrations were found to be similar among users
and non-users of copper devices in another study (Punnonen
et al., 1984). After 1 year of IUD use, endometrial biopsy did
not reveal changes in estradiol or progesterone
concentrations among users of inert ITUDs compared with
pre-insertion levels, but progesterone was decreased and
estradiol increased in women provided with a copper 1UD
(Hagen-feldt and Landgren, 1975). Serum hormone levels
have not been observed to differ between IUD users and non-
users (Nygren and Johansson, 1973), suggesting that the lUD
does not exert an influence on ovarian hormone production.
The persistence of hormona changes, if any, after IUD
removal has not been determined.

Our results provide evidence consistent with those of others
that there is a reduced risk of endometrial cancer among
women who have used an IUD. The reduced risk persists for
many years after use is discontinued and is not restricted to
one or a few types of 1UDs, though the biologic basis for it
remains unclear.
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INTRAUTERINE DEVICE USE AND
ENDOMETRIAL CANCER RISK

Susan R Sturgeon,” Louise A Brinton,* Michagl L
Berman,**” Rodrigue Mortel," Leo B Twiggs,** Rolland J
Barrett, > George D Wilbanks and John R Lurain”

Sturgeon S R (Environmental Epidemiology Branch,
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EPN443, Bethesda, MD 20852, USA), Brinton L A, Berman
M L, Modd R, Twiggs L B, Barrett R J, Wilbanks G D and
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risk. International Journal of Epidemiology 1997:. 26: 496-
500.

Background. Because intrauterine devices (IUD) invoke
acute and chronic inflammatory responses in the
endometrium, it is possible that prolonged insertion of an
IUD could induce endometrial cancer.

Methods. We examined the relation between use of an IUD
and endometrial cancer risk using data from a multicentre
case-control study involving 405 endometrial cancer cases
and 297 population controls.

Results. A tota of 20 (4.9%) cases and 34 (11.4%)
controls reported any use of an IUD. After adjustment for
potential confounders, IUD use was not associated with an
increased risk of endometria cancer (RR = 0.56 for ever use;
95% CI : 0.3-1.0). Little reduction in risk was observed
among women who last used an 1UD within 10 years of the
index date (RR = 0.84; 95% CI : 0.3-2.4) but risk was
decreased among women who used an IUD in the more
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distant past (RR = 0.45; 95% ClI : 0.2-1.0). Risk did not vary
consistently with number of years of 1UD use or with years
since first use. Risk was not increased among women who
used inert devices (RR = 0.46; 95% CI : 0.3-3.6) or those
who used devices containing copper (RR = 1.08; 95% ClI :
0.1-3.6).

Conclusion. These data are reassuring in that they do not
provide any evidence of an increased risk of endometria
cancer among women who have used |UD.

Keywords:. intrauterine device (IUD), endometrial cancer,
contraception, epidemiology

Because intrauterine devices (IUD) invoke acute and
chronic inflammatory responses in the endometrium, it is
possible that prolonged insertion of an IUD could induce
endometrial cancer.’  1UD containing copper may be
particularly suspect because they tend to produce more
serious endometrial irritation than inert devices.?> 1UD could
also theoretically increase endometrial cancer risk because
they alter uterine sensitivity to oestrogen and progesterone.

Although 1UD are used by an estimated 85 million women
worldwide* only four small studies have examined the
relation between their use and the occurrence of endometrial
cancer >® and none were able to examine risks associated
with specific types of IUD. Thus, we used data from a large
multicentre case-control study in the US to evaluate further
the relation between IUD use and endometria cancer.

METHODS

This case-control study was a collaborative effort with
seven participating hospitals in five areas of the US—
Chicago, Illinois; Hershey, Pennsylvania; Irvine and Long
Beach, Cadlifornia; Minneapolis, Minnesota; and Winston-
Salem, North Carolina. A total of 498 women between the
ages of 20 and 74 years with newly diagnosed endometrial
cancer were identified between 1 June 1987 and 15 May
1990. Detailed information on the selection of cases and
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controls and other study methods are presented elsewhere.’
Briefly, random digit dialling techniques were used to select
controls for cases younger than age 65 whereas older controls
were selected using information provided by the Health Care
Financing Administration. We attempted to select one
control for each case, matched for age (5-year age groups),
race, and location of residence at diagnosis (telephone
exchange or zip code).

Random digit dialling controls were selected by identifying
aresidential cluster matched for the telephone exchange for
each eligible case. Telephone numbers were caled, and an
enumeration of female members aged 20-64 in each
household was attempted. Of 15 820 telephone numbers
sampled, 10 184 were assessed to be residential working
numbers, and an enumeration of female members was
obtained for 85%. Older controls were derived from Health
Care Financing Administration computer records a subject of
the same age, race and zip code as each dligible case. After
the initial selection of subjects, a short telephone
guestionnaire was administered to determine whether the
subjects had intact uteri. A total of 125 of the initialy
selected random digit dialing controls and 88 of the Health
Care Financing Administration controls were eliminated
because of their not being at risk of developing endometrial
cancer. These subjects were replaced with other eligible
controls so that there was an eventua accrual of 304 controls
through random digit dialing techniques and 173 through
Health Care Financing Administration records.

Trained interviewers completed home interviews on 434
(87%) of the eligible cases and 313 (66%) of the eligible
controls.  Eligible subjects who could not be interviewed
were not replaced. Reasons for non response included
refusal (5% of the cases and 22% of the controls),
communication problems (4% versus 3%) and other
problems (2.2% versus 9%). In addition, physician consent
was not obtained for 2.0% of the cases. The response rate
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was considerably higher for the random digit dialling than
the Health Care Financing Administration controls (76% vs
47%).

Pathology reports were obtained and reviewed for all cases,
with 93% of the interviewed cases having a classification of
epithelial cancer. Because of the distinct epidemiological
characteristics of sarcomas,'® this analysis focused on data
from interviews with 405 epithelial cancer cases and their
297 matched controls. The mean ages of the cases and
controls were 59.2 (standard deviation [SD] = 9.96) and 58.0
years (SD = 10.4), respectively.

A structured interview, on average 76 minutes in length,
was administered to obtain information on hypothesized risk
factors, including demographics, pregnancy history,
menstrual history, contraceptive behaviour, use of exogenous
hormones, changes in body weight, diet and acohol intake,
family history of cancer, medical events and physical
activity. The dietary section consisted of 60 food items and
provided an estimate of usual adult caloric intake and intake
of specific nutrients™  Anthropometric measurements,
including waist-to-thigh circumference ratio as a measure of
intra-abdominal fat,”* were aso taken at the time of
interview. Information on birth control usage was obtained
using lifetime calendars to record usage of specific methods
on a monthly basis. For each mention of IUD use,
information on brand was elicited. No subjects reported
using progestagen containing 1UD.

Because of the large number of cases without an
interviewed matched control, adjusted maximum likelihood
relative risk estimates (RR) and 95% confidence intervals
(Cl) are presented using unconditional logistic regression
techniques.’®* The main results of the study were confirmed
using conditional logistic regression on the smaller subset of
274 matched pairs of cases and controls.

Risk factorsidentified in this study, adjusted for each other,
included education (RR = 2.0 for >16 versus <12 years), age
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a menarche (RR = 2.8 for <12 versus >15 years),
menopausal oestrogen use (RR = 15.3 for >10 versus O
years), diabetes (RR = 1.6), saturated fat intake (RR = 2.0 for
highest versus lowest quartile), current body mass index
(weight in kg/height in m?) (RR = 3.2 for >32 versus <25)
and waist to thigh circumference (RR = 2.7 for highest versus
lowest quartile). Factors associated with reductions in risk
included multiple livebirths (RR = 0.2 for >5 versus 0 births),
cigarette smoking (RR = 0.3 for current versus never
smokers), and oral contraceptive use (RR = 0.4 for versus 0
years). Menopausal status and age at natural menopause
were unrelated to risk.?

RESULTS

Table 1 presents the prevalence of risk factors among
controls who never used any method of birth control, those
who ever used an IUD and those who only used other forms
of birth control. Compared to women who had never used
any method of birth control, women who had used an 1UD
were younger, better educated and had a higher intake of
saturated fat. WWomen who had used an IUD also had alower
waist to thigh circumference ratio, and were less likely to
smoke and to be nulliparous. Differences tended to be less
striking between women who had ever used an 1UD and
those who had only used other forms of birth control.
Compared to those who only used other forms of birth
control, women who had used an IUD were younger, better
educated, had a later age at menarche and a lower waist to
thigh circumference ratio. A total of 27 (79.4%) of the 34
controls who had ever used an IUD aso had taken orad
contraceptives (data not shown).

A total of 20 cases (4.9%) and 34 controls (11.4%) reported
any use of an IUD, resulting in an age-adjusted relative risk
of 0.43 (95% CI : 0.2-0.8). Further adjustment for ora
contraceptive use attenuated this reduction in risk (RR =
0.53, 95% CI : 0.3-1.0). After further controlling for the
other potential confounders identified in Table 1 (education,
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intake of saturated fat, waist to thigh circumference ratio,
number of livebirths, cigarette smoking, and age at
menarche), risk remained modestly lowered among women
who used an IUD (RR = 0.56; 95% CI : 0.3-1.0) (Table 2).
In this fully-adjusted model, risk did not vary with increasing
years of use and years since first IUD use was unrelated to
risk of endometrial cancer. Risk did, however, appear to
vary by years since last IUD use. Little reduction in risk was
observed among women who last used an IUD within 10
years of the index date (RR = 0.84; 95% CI : 0.3-2.4) but risk
was reduced among those who last used an IlUD more than
10 years before (RR = 0.45; 95% ClI : 0.2-1.0).

Tablel
Characteristics of controls by their birth control practices

* * %

Table?2
Risk of endometrial cancer associated with use of an
intrauterine device

* * %

IUD were aso categorized into two groups for analysis
based on the presence or absence of copper. Inert device use
was associated with a reduction in risk (RR = 0.46; 95% CI :
0.1-3.6) whereas copper device use was unrelated to risk (RR
= 1.08; 95% ClI : 0.3-3.6). The small number of IUD users
precluded further stratification to investigate the separate
effects of years since last use and type of IUD device on risk.

Additional adjustment for diabetes, current body mass
index, cigarette smoking, menopausal oestrogen use, use of
barrier methods of contraception, spermicides, female
sterilization, and vasectomy of a partner did not materially
change the risk estimates presented in Table 2. Excluding 86
women who had never used any form of birth control from
the referent category also did not alter the results. Women
who had used an 1UD remained at modestly reduced risk of
endometrial cancer (RR = 0.67; 95% CI : 0.3-1.6) in a



413a

separate analysis that excluded 188 women who bad ever
used oral contraceptives.

Because IUD were first commercially available in the US
in 1964, few of the women 65 years and older in this study
would have had an opportunity to use IUD. Results were
similar when we restricted the above analyses to women
younger than 65 years.

DISCUSSION

Three of four previous studies have observed a modest
overal reduction in endometrial cancer risk among women
who bad ever used an IUD.” No evidence of a positive
relation between IUD use and risk was found among women
under age 55 in an analysis of data from the Cancer and
Steroid Hormones (CASH) study (RR = 0.5 for ever use
versus none; 95% CI : 0.3-0.8).° In the analysis of data from
a case-control study in Italy,® the relative risk associated with
ever use of an IUD was 0.4 (95% CI : 0.1-1.0). A study
carried out in developing countries a so reported no increased
risk associated with use of an IUD (RR = 0.7 for ever use
versus none; 95% Cl : 0.4-1.3).” One conducted in Shanghai,
China found no relationship between IUD use and
endognetrial cancer risk (RR = 1.1 for ever use; 95% ClI : 0.5-
2.5).

With respect to type of IUD device, we did not find any
evidence of an increased risk of endometrial cancer among
women who used either inert devices or those who used
devices containing copper.

Studies have been inconsistent with respect to their
findings on the effects of years of 1UD use and years since
last IUD use on risk. In the present investigation, the
reduction in risk associated with [lUD use was apparent only
among women whose use had ceased more than 10 years
ago. In the CASH study conducted in the early 1980s
however, risk did not vary by time eapsed since last IUD
use. By contrast, Rosenblatt et al.” found that risk was
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lowest among current users (RR = 0.1; 95% CI : 0.01-0.8).
In accord with the study by Rosenblatt et al.” we found no
evidence that risk decreased with increasing years of 1UD
use. Castellsague et al.” however, observed that risk
decreased from 0.62 among women who used 1UD for less
than 4 yearsto 0.41 for those who used an IUD for more than
8 years. No details were available on the relation between
risk and various exposure measures from the other two
studies.®®

It is unclear why relationships with years since last 1UD
use and years of IUD use have differed across studies. This
inconsistency may reflect the difficulty in obtaining stable
risk estimates from studies involving small numbers of 1UD
users. Another possible explanation relates to the fact that
the materials and shapes of 1UD devices have varied across
populations and calendar time.” If certain IUD have more of
an effect on endometrial cancer risk, studies conducted in
different populations could observe disparate findings.
Alternatively, the lack of consistency across studies may
indicate that the modest reduction in risk associated with
IUD use is the result of indication bias. Such bias could
result if women at increased risk of developing endometrial
cancer were less likely to be prescribed IUD (e.g. those with
uterine bleeding from endometrial hyperplasia).

The major limitation of the present study is that the
response rate was low among the population-based controls.
If the controls who were IUD users were disproportionately
more likely to be interviewed than cases, this could result in a
spurious reduction in risk associated with IUD use. It is
somewhat reassuring, however, that findings from this study
with respect to generaly accepted endometrial cancer risk
factors, are similar to those presented in previous studies.*
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APPENDIX W

INTRAUTERINE DEVICE USE AND RISK OF ENDOMETRIAL
CANCER

F. Parazzini*?. C. LaVecchia"® & S. Moroni*?

Summary The relationship between intrauterine device
(ITUD) use and risk of endometrial cancer has been analysed
in a case-control study conducted in Italy between 1983 and
1992, including 453 patients with histologicaly confirmed
endometrial cancer and 1.451 controls admitted for acute,
non-gynaecological, non-hormonal, non-neoplastic
conditions to the same network of hospitals where cases had
been identified. Two (0.4%) cases versus 36 (2.3%) controls
reported ever using ad 1UD. The corresponding multivariate
relative risk was 0.4 (95% CI 0.1-1.0). The results of this
study and the few published available epidemiological data
suggest a protective role of IUD use on endometrial
carcinogenesis, but potential selective mechanisms for IlUD
utilisation (indication bias) should be carefully considered in
the interpretation.

Intrauterine device (IUD) use may induce endometrial
aterations, such as inflammatory changes (Sheppard, 1987),
loss of epithelial surface (El-Badrawi et al., 1981) and
reduction in ciliated cells (Gonzalez-Angulo et al.. 1973),
which may affect the risk of neoplastic changes of the
endometrium. In terms of biological inference, the risk of

! stituto di Ricerche Farmacologiche ‘Mario Negri’. Milan, Italy
2| Clinica Ostetrico Ginecologica. Universitadi Milano, Milan. Italy

3 |tituto di Biometria e Statistica Medica. Universitadi Milano, Milan,
Italy.
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endometrial cancer might be either increased or decreased by
such changes.

Epidemiological data on the relation between IUD use and
risk of endometrial cancer are, however, scanty. A recent
anaysis of data from the Cancer and Steroid Hormones
(CASH) Study suggested that the risk of endometrial cancer
is approximately halved in women reporting ever IUD use,
and the protective effect tended to increase with duration of
use (Castellsague et al.. 1993). To offer further data on the
issue. we report the results from a case—control study
conducted in Northern Italy (Parazzini et al.. 19914).

Patients and methods

The general design of this study has been previously
described (Parazzini et al.. 1991a). Cases included in the
study were 453 patients with histologically confirmed
endometrial cancer aged <65 years (median age 56 years.
range 28-64). They were admitted to the Ospedale Maggiore
(including the four largest teaching and genera hospitals in
the greater Milan area). to the University Obstetrics and
Gynecology Clinics and to the National Cancer Institute of
Milan between 1983 and 1992. They were interviewed during
their stay in hospital for surgery. medical treatment,
radiotherapy: their diagnosis of endometria cancer dated
back no more than 1 year (median time from diagnosis to
interview 2 months, range 0-12 months).

Controls were patients younger than 65 years admitted for
acute, non-gynaecological, non-hormone-related, non-
neoplastic conditions to the same network of hospitals where
cases had been identified. Women who had undergone
hysterectomy were not eligible as controls. A total of 1,541
controls (median age 53 years, range 27-64) was included in
the present analyses. Of these, 32% were admitted for
traumatic conditions (mostly fractures and sprains). 35% had
non-traumatic orthopaedic disorders (mostly low back pain
and disc disorders), 15% had surgical conditions (mostly
abdominal, such as acute appendicitis or strangulated hernia)
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and 18% had other illnesses, such as ear, nose and throat or
dental disorders. Less than 3% of identified cases and
controls refused to be interviewed.

Trained interviewers identified and questioned cases and
controls using a standard questionnaire. Information was
collected on general characteristics and habits.
gynaecological and obstetric data, related medical history and
use of oral contraceptives, intrauterine devices (IUD) and
female hormones for other indications.

Odds ratios, as estimators of relative risks (RR) of endo-
metrial cancer, together with their 95% confidence intervals
(CI). according to use of IUD were computed from data
stratified for quinquennia of age by the Mantel—Haenszel
procedure (Mantel & Haenszel. 1959). In order to alow
simultaneously for the effects of several potentia
confounding factors, unconditional multiple logistic
regression. with maximum likelihood fitting. was used
(Breslow & Day. 1980). Included in the regression equations
were terms for age and selected factors significantly
associated in this data set with the risk of endometria cancer
(parity. Quetelet’s index and oestrogen replacement therapy
use).

Results

The distribution of cases and controls according to age and
selected covariates is presented in Table |. Cases were more
frequently null-parae (RR age adjusted. parae versus null-
parae. 0.6: 95% CI 0.4-0.9). of higher body mass index (age
adjusted RR. kg m? >25 is <25. 2.0: 95% Cl 1.7-2.4) and
more often oestrogen replacement therapy users (RR ever
versus never 2.0. 95% CI 1.3-3.1).

The relation between IUD use and endometrial cancer risk
is considered in Table I1. Out of the 453 endometrial cancer
cases, two (0.4%) reported ever having used an IUD: the
figures for controls were 36 ever users (2.3%) out of the
1.541 controls. The corresponding RR of endometrial cancer
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was, in comparison with never users, 0.4 (95% CI 0.1-1.0)
for ever IUD users. The data were insufficient for analysis of
duration of use or other time-related factors.
Discussion

The results of this analysis further suggest that IUD use
reduces the risk of endometria cancer, but the interpretation
deserves caution. In fact, indication bias may. at least
partially. explain this inverse association. IUD may be less
frequently prescribed in women with long, heavy menstrua
flows or reporting pre-, post- or inter-menstrual blood
spotting, conditions that may be associated with unopposed
oestrogen endometrial  stimulation and consequently
increased endometrial cancer risk. Another potential
l[imitation of this study is the low number of 1UD users in
Italy, which did not provide the opportunity to analyse the
role of duration and any other time-related factors. In relation
to other potential biases, cases and controls were identified in
institutions covering broadly comparable catchment areas,
and participation was almost complete. Likewise, recall bias
is unlikely, since the interviewed cases and controls and the
interviewers were unaware of the potentia association
between 1UD use and endometrial cancer risk.

Tablel
Distribution of 453 endoetrial cancer cases and 1.541 controls
according to selected characteristics. Milan, Italy, 1983-1992

* % %

We did not have information on type of 1UD used, thus we
cannot evauate the role of different types of 1UD,
particularly  progestin-releasing ones. Despite these
considerations. some biological evidence, the consistency of
our results with data from the CASH study (Castellsague et
al., 1993) and the magnitude of the association offer some
support to the hypothesis that IUD use reduces the risk of
endometrial cancer. The CASH study showed a decreased
risk of endometrial cancer in lUD users of about 50%; in that
study the risk tended to decrease with duration of use,
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offering some support to the hypothesis of a causal
relationship, although the trend in risk with duration was not
significant (Castellsague et al., 1993).

In biological terms, laboratory and anima studies have
suggested that 1UD use may alter the response to steroids of
the endometrium. These changes are mediated by the device
itself as well as by the copper ions present in some devices.
These alterations inhibit binding of oestrogen and
progesterone to the endometrial cell receptors (Tamaya et al.,
1976) and decrease the steroid nuclear receptor concentration
in the endometrial cells (Myatt et al., 1980). These changes,
however, may influence both oestrogen and progesterone
activity, which have opposing effects on endometrial car-
cinogenesis (Paramini et al., 1991b).

In conclusion, the few available epidemiologica data
suggest a protective effect of IUD use on endometrial cancer
risk, but potential indication or selection bias is difficult to
overcome in any epidemiological study on the issue, and
should therefore be carefully considered in the interpretation.
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Despite the increasing world-wide popularity of contraceptive
intra-uterine devices (IUDs), their potential long-term effects on
the risk of developing endometria carcinoma have been poorly
studied. This paper reports on the reationship between intra-
uterine contraception and endometriad cancer by anayzing
epidemiological data from a large, multicenter, population-
based, case-control study of epitheliad endometria cancer.
Cases were 437 women, 20 to 54 years of age, with
histologically confirmed epithelid endometrial cancer ascer-
tained through 6 population-based cancer registries in the
United States. Controls were 3200 women sdlected at random
from the populations of these aress. The age- and parity-
adjusted odds ratio (OR) for the association between ever
having used intra-uterine contraception and endometrial cancer
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was 0.51 (95% confidence interva (CI) 0.3-0.8). Although the
protective effect increased with duration of use, adose-response
reationship among users was not satisticaly demongtrable.
The association did not vary significantly with age at first or last
IUD use or with time elapsed since first or last 1UD use. Years
of education significantly modified the effect of intra-uterine
contraception. Thus, intra-uterine contraception appeared to be
srongly protective for women with at least 13 years of
education (OR = 0.29, 95% CI, 0.15-0.6). It is proposed that
intra-uterine contraception exerts its protective effect through
local structural and biochemical changes in the endome-trium
thaa may dter endometrid sendtivity and response to
circulating estrogen and progesterone.

In this century, 3 maor events in the field of
contraception have occurred: the introduction of intra-
uterine  contraception, the formulation of ora
contraceptives, and the development of |aparoscopic tubal
sterilization. In contrast to oral contraceptives, the
potential effects of intra-uterine contraception and tubal
sterilization on the risk of endometrial carcinoma have
been poorly studied. This paper focuses on the
epidemiological  relationship  between intra-uterine
contraception and endo-metrial cancer.

A contraceptive intra-uterine device (IUD) is not just an
inert device seated inactively in the uterus. IUDs have been
reported to induce profound endometrial changes, including
sterile inflammatory changes (Sheppard, 1987; Sagiroglu
and Sagiroglu, 1970), an increased number of mast cells
(Turs et al., 1984; Kobayashi et al., 1983), superficial loss
of surface epithelium (Sheppard and Bonnar, 1980; El-
Badrawi et al., 1981), reduction of ciliated cells with
impairment of the secretory activity in the epithelium
contiguous to the device (Gonzaez-Angulo et al., 1973), and
dterations in endometria response to estrogen and
progesterone (Tamaya et al., 1976; Ghosh et al., 1975;
Ghosh and Roy, 1976; Kontula et al., 1974).
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IUD use could theoretically alter endometrial cancer risk
through at least 2 mechanisms: first, by inducing extra-
uterine effects on the ovary and the central hypothalamic-
pituitary-ovarian axis that could affect the production of
ovarian estrogens and progesterone; and second, by
exerting direct changes in the endometrial environment
that could induce a chronic inflammatory process or an
alteration of the endome-trial response to hormones.

To explore the relationship between IUD use and endome-
tria carcinoma, we analyzed data from the Cancer and
Steroid Hormones (CASH) Study (CDC CASH Study, 1983),
alarge, multicenter, population-based, case-control study.

METHODS

Data for the CASH Study were collected in 8 areas of
the USA that are part of the Surveillance, Epidemiology
and End Results (SEER) program of the US National
Cancer Institute. The areas included: the metropolitan
areas of Atlanta, Detroit, San Francisco and Seattle; the
states of Connecticut, lowa and New Mexico; and the 4
urban counties of Utah.

The design and methods used in the CASH Study, which
included breast- and ovarian-cancer patients as well as the
endometrial-cancer patients reported here, have been detailed
elsawhere (CDC CASH Study, 1983; Wingo et al., 1988).
Here we summarize those features of the CASH Study that
are relevant to the association investigated.

Cases

Eligible cases were 905 women, 20 to 54 years of age,
who resided in one of the 8 participating areas and who
were newly diagnosed with a primary epithelial
endometrial cancer between December 1, 1980, and
December 31, 1982. Of those, 673 (74%) were interviewed.
Cases from Utah and New Mexico were excluded because
histologic reports and slides of endometrial cancer
specimens were not retrieved. Of the 599 women identified
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and interviewed in the 6 remaining areas, the SEER centers
were able to retrieve the histologic information and slides
from 575 women (96%). These were independently
reviewed by a panel of 3 pathologists, each an expert in
endometrial cancer. The panel agreed that 437 women
(76%) met the criteria for a primary epithelial malignant
neoplasm of the endometrium.

Controls

The pool of eligible controls consisted of women 20 to 54
years of age selected through the Waksberg (1978) method
of random digit dialing of households with telephones in
the same geographic locations and during the same time
interval as when the cases were diagnosed. A stratified
sample, frequency-matched by geographic location and by
the 5-year age distribution of breast-cancer cases, was
selected from the pool (5698 women). Of these women,
4755 (83%) were interviewed; of that sub-group, 1271
were excluded because they had either had a previous
hysterectomy or had reported having had a dilation and
curettage procedure of unknown or questionable outcome
prior to interview. All Utah and New Mexico controls
(284) were further excluded, leaving a control group of
3200 women available for analysis.

“To whom correspondence and reprint requests should be
addressed.

Received: February 2, 1993 and in revised form April 14,
1993.

Data collection

Each study participant was interviewed in person in
her home according to a pre-tested, standardized
qguestionnaire. Details of the questionnaire and the
information collected have been presented elsewhere
(Wingo et al., 1988).

Each woman was asked whether she had ever used an
IUD, loop or coil as a form of birth control. If she had,
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dates of use were recorded. Of the 3637 study
participants, 520 (14%) reported having used some form
of intra-uterine contraception, 3114 (86%) reported never
having used intra-uterine contraception, and 3 (2 cases
and 1 control) did not know if they had used IUDs.
Therefore, 3634 women (435 cases and 3199 controls)
were available for analysis.

Analyses

The measure of association used to compare the risk of
developing endometrial cancer among exposed women
with that in unexposed women was the odds ratio (OR)
as an approximation to the rate ratio. Logistic-regression
models with maximum-likelihood estimation of
parameter values were used to estimate unadjusted and
adjusted odds ratios and to test for linear trends. An
alpha value of 0.05 was used as the criterion for
statistical significance and, accordingly, 95% confidence
intervals (CI) around the OR are reported.

A 3-step process for screening for confounding
variables was performed: first, the Mantel-Haenszel
procedure was used, treating IUD use dichotomously and
the confounders categorically (one confounder at a time);
second, logistic regression was used, treating IUD use
and confounding variables as continuous (one confounder
at a time); and finally, multivariate logistic regression
was used to assess the joint confounding effects of those
confounding variables selected individually in either of
the 2 previous steps. Potential confounders assessed
included, among others: age, parity, age at menarche,
menopausal status, age at menopause, race, years of
education, use of other non-hormonal contraceptive
methods (tubal ligation, vasectomy, diaphragm,
contraceptive foam/ cream suppositories, condom, rhythm
and withdrawal), frequency of Pap smears, frequency of
pelvic examinations, infertility, smoking, history of
selected diseases (diabetes, hypertension, arthritis and
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pelvic inflammatory disease), Quetelet's index, use of
oral contraceptives, use of estrogens, data collection
center, and family history of cancer.

To assess the specificity of effects of IUD use, adjusted
odds ratios were estimated for 3 histologic sub-types of
epithelial endometrial cancer: adenocarcinoma,
adenoacanthoma and adenosquamous carcinoma. We also
assessed the effects of duration of 1UD use, age at first
and last IUD use, and time since first and last lUD use.

To identify effect modifiers (factors that may alter the
association between exposure and disease) a 2-step
process was carried out. First, potential effect modifiers
were examined one at a time in logistic-regression
models that included IUD use (dichotomous), age and
parity (confounders), the potential effect modifier, and
an interaction term between IUD use and the potential
effect modifier. Second, those variables that were
statistically significant (p < 0.1) effect modifiers
individually were included, along with their interaction
terms with IUD use, in a single multiple logistic-
regression model. Through a backward elimination
process, significant (p < 0.05) effect modifiers were
retained. Potential effect modifiers assessed included:
age, parity, age at menarche, menopausal status, age at
menopause, race, years of education, frequency of Pap
smears, infertility, smoking, history of selected diseases
(diabetes, hypertension,  arthritis and  pelvic
inflammatory disease), Quetelet's index, use of oral
contraceptives, use of estrogens, data collection center,
and family history of cancer.

The chi-square statistic proposed by Lemeshow and
Hosmer (1982) was used to assess the goodness of fit of the
final

adjusted and interaction logistic regression models. None of
the models showed a statistically significant lack of fit.
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In this population, the observed differences between
cases and controls were consistent with those of other
studies of risk factors for endometrial cancer. These
results will not be presented here in detail, since they
have been published elsewhere (CASH Study, 1987). In
brief, as shown in Table I, endometrial cancer cases were
more likely than controls to be of white race, obese, and
nulliparous or of low parity. They tended to have
completed fewer years of education and to have a
slightly younger age at menarche. Cases were more
likely to be peri-menopausal or to have had an early
menopause. Cases were also more likely to have received
treatment with estrogens and less likely to have used
hormonal and non-hormonal contraceptive methods
(tubal sterilization, diaphragm, condom). Cases reported
more frequently than controls having received treatment
for hypertension and diabetes and having a positive
family history of cancer in a first-degree relative. Cases
reported slightly less frequently than controls a history of
cigarette smoking (Table ). Because controls were
frequency matched by the 5-year age distribution of
breast-cancer cases, differences in age between cases and
controls are not interpretable.

Women who used intra-uterine contraception were less
likely to develop endometrial cancer than women who
did not use this contraceptive method (unadjusted OR,
0.32; 95% CI, 0.21 to 0.49). Only 6% (24/435) of the
cases reported intrauterine contraception use, as
compared with 16% (496/3199) in the control group
(Table Il). After the effects of 68 potential confounders
had been assessed, only age and parity were found to
appreciably reduce the estimated magnitude of the
protective effect, but the association after adjustment re-
mained statistically significant (adjusted OR, 0.51; 95%
Cl, 0.33 to 0.79; p = 0.003). All subsequent models
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were adjusted for age and parity. In the adjusted
analysis, the protective effect of intra-uterine
contraception increased with duration of use, but the
dose-response relationship among IUD users did not
reach statistical significance (Table Il).

Table 11 summarizes the stratum-specific ORs by age
group. IUD use was consistently protective in all age
categories.

The protective effect of intra-uterine contraception use
on the risk of endometrial cancer increased with younger
ages at first lTUD use, although this effect did not reach
statistical significance. Women who first used 1UDs
before age 35 had an adjusted OR of 0.47 (95% CI, 0.27
to 0.81), whereas women who first used 1UDs at later
ages had an adjusted OR of 0.64 (95% CI, 0.33 to 1.25).
The test for linear trend with age at first IUD use was not
statistically significant (p = 0.41). Age at last IlUD use
did not substantially modify the association between
endometrial cancer and IUD use (data not shown).

The association between endometrial cancer and IUD
use varied with time since first IUD use, although not
significantly (Table V). Women who first used intra-
uterine contraception more recently had greater
protection against endometrial cancer than women who
first used intrauterine contraception in the more distant
past. The OR for women who first used an IUD within 10
years before the index date was 0.35 (95% CI, 0.15 to
0.80), whereas the OR for women who first used an lUD
at an earlier time was 0.63 (95% CI, 0.38 to 1.04). Intra-
uterine contraception appeared to be most protective
among women who first used an lUD within the past 10
years and used it for at least 96 months (OR, 0.21; 95%
Cl, 0.06 to 0.77).

Recency of IUD use, on the other hand, did not
substantially change the association between endometrial
cancer and intrauterine contraception. Women who
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stopped IUD use more recently (less than 72 months
before the index date) had an adjusted OR of 0.49 (95%
Cl, 0.27 to 0.90) and women who stopped IUD use less
recently (72 months or more) had an adjusted OR of
0.56 (95% CI, 0.31 to 1.02).

Tablel
Characteristics of Women with Epitherlial Endometrial
Cancer and Controls

* * %

Tablell
Crudeand Adjusted Odds Ratios for the Associatin
Between Epithelial Endoetrial Cancer and Intra-Uterine
Contraception Use

* % %

Table V shows the age- and parity-adjusted OR for the
3 histologic sub-types studied. A protective effect was
consistently found for each of the 3 histologic sub-
types, although the risk estimates did not reach
statistical significance.

Of the 21 potential effect modifiers assessed, only
years of education was found to be a statistically
significant effect modifier. Per one-year differential in
education, the OR for the association between
endometrial cancer and intra-uterine contraception
decreased by about 20% (OR, 0.80, 95% CI, 0.68 to
0.93). To better summarize the modifying effects of
years of education, we fitted another logistic regression
model in which years of education were divided into 2
categories, less than 12 years of education and more
than 12 years of education. As shown in Table VI,
women who had completed less than 13 years of
education were not significantly protected by intra-
uterine contraception (OR, 1.02, 95% CI, 0.58 to 1.79),
whereas women who had completed more than 12 years
of education were strikingly protected by 1UD use (OR,
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0.29, 95% CI, 0.15 to 0.58). The ratio of these ORs is
0.29 (95% CI, 0.12 to 0.70), indicating that the OR
among more educated women was about one third the
magnitude of the corresponding OR among less educated
women.

Tablelll
Odds Ratiosfor the Association Between Endometrial
Cancer and Intra-Uterine Contraception Use by Age
Group

* % %

TablelV
Odds Ratiosfor the Association Between Endometrial
Cancer and Intra-Uterine Contraceptin Use by Time
Since First IUD Use

* * %

TableV
Odds Ratiosfor the Association Between Endometrial
Cancer and Intra-Uterine Contraception Use by
Histologic Sub-Type

* * %

TableVI
OddsRatiosfor the Association Between Endometrial
Cancer and Intra-Uterine Contraception Use by Years of
Education

* * %

DISCUSSION

This analysis of the data from the CASH Study shows
an overall significant decrease in the risk of developing
endome-trial cancer among women who used intra-
uterine contraception, as compared with women who
never used it. After taking into account the combined
confounding effects of age and parity, women who had
used intra-uterine contraception were about half as likely
to develop endometrial cancer as were women who had
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not used that method of contraception. Although the
magnitude of the protective effect increased with
duration of IUD exposure, a dose-response relationship
was not statistically demonstrable among exposed
women. However, due to low power, afairly strong dose-
response relationship could not be ruled out with
statistical confidence.

The population-based design of the CASH Study
reduced, but did not completely eliminate, the
possibility of various types of bias that could distort the
true relationship between intra-uterine contraception
and endometrial cancer.

One of the main limitations was that the CASH Study
was not primarily designed to investigate this
association. As a consequence, procedures to
specifically assist in the recall of IUD use were not
incorporated in the study, thereby, at least theoretically,
leading to mis-classification of exposure status.

However, poor recall of exposure to IUDs is unlikely
to have played arole in the observed association. Intra-
uterine contraception should be readily remembered by
women, since insertion of the device involves not only a
procedure but also a number of visits to the gynecol ogist
before and after insertion. Moreover, since equally poor
recall of exposure status by both cases and controls
would tend to bias the magnitude of the association
toward the null value, the observed magnitude of the
protective effect would be an underestimate of the real
effect.

Another issue, however, is the role of reporting bias. A
case may have been more likely than a control to over-
report IUD use, since it is reasonable for a woman with
cancer to focus on possible exposures, such as IUDs,
that may be related to her disease. However, since the
observed effect was protective, over-reporting of 1UD
use by cases would lead to underestimation of the
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observed protective effect. For differential reporting to
account for the observed protective effect, either cases
would have had to under-report IlUD exposure more fre-
guently than controls; or, alternatively, controls would
have had to over-report IUD use more frequently than
cases. Neither situation seems likely.

A second important limitation of this study was that
information on the type of device used was not collected
and thus it was not possible to assess whether the
protective effect of intra-uterine contraception differed
by type. It is likely that the nature and degree of the
changes observed in the IUD-

exposed endometrium vary among inert, copper-
releasing and progesterone-releasing devices. The
shapes and materials of inert devices have changed over
time, and in copper IUDs the amount of copper
incorporated into the device, and consequently that
released into the endometrial cavity, has also varied.
Other epidemiologic, experimental and animal studies
in which the effect of different types of IUDs on
endometrial cancer risk can be evaluated are warranted
to further investigate this protective relationship.

The finding that years of education significantly
modified the association between [IUD use and
endometrial cancer is difficult to interpret. It can be
speculated that more highly educated IUD users would
be more likely than less educated IUD users to be
involved in regular medical surveillance. However, this
would more probably result in a positive relationship
between 1UD use and endometrial cancer among more
highly educated women, rather than the negative
relationship observed in this study. Failure to observe
similar interactions between |UD wuse and actual
screening behavior, such as frequency of Pap smears,
further weakens an explanation based on detection bias.
It should be borne in mind that the assessment of effect
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modification in this analysis was merely exploratory,
and that education was one of many effect modifiers
considered.

A number of animal and clinical studies suggest
mechanisms by which [UDs may protect against
endometrial cancer. Several lines of evidence suggest
that IUDs may alter endome-trial sensitivity and
response to the circulating steroid hormones estrogen and
progesterone. Hormonal studies in animal uteri and
clinical studies in women suggest that changes in the
endometrial sensitivity to ovarian hormones caused by an
IUD could be mediated through the effects of the copper
ions released into the endometrial cavity and through the
inherent structural and biochemical endometrial changes
triggered by the device itself. More specifically, the
effects of the copper ions and the changes in the
endometrium may (@) inhibit binding of estrogen and
progesterone to their endometrial cell receptors, (b)
lower the concentration or synthesis of hormonal nuclear
receptors and (c) alter the physical properties of estrogen
and progesterone receptors. Tamaya et aL (1976) have
observed in rabbits that copper 1UDs inhibit both
estrogen- and progesterone-receptor binding, suggesting
that copper ions aggregated or dissociated hormone-
receptor macromolecules, making the receptors
biologically inactive. Other animal studies have shown
that in an IUD-exposed endome-trium the response to
progesterone is inhibited (Brown-Grant, 1969) or
blocked (Nutting and Mueller, 1974), that estradiol
and/or progesterone uptake is significantly decreased
(Ghosh et al., 1975; Ghosh and Roy, 1976), and that
hormonal nuclear-receptor concentrations are lower than
in a non-lUD exposed endometrium (Myatt et al., 1978,
1980a,b).

Kontula et al. (1974) demonstrated that the presence
of copper ions in concentrations similar to those
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prevailing in an human endometrium exposed to a
copper-bearing IUD was capable of locally inhibiting
progesterone binding in the human endometrium and
that the inhibition was caused by decreased affinity of
the receptors for progesterone.

The unopposed estrogen hypothesis of endometrial
cancer causation maintains that exposure to estrogen
that is not sufficiently opposed by progesterone
increases endometrial

mitotic activity, and consequently, endometrial-cancer

risk (Henderson et al., 1982). According to this
hypothesis, decreased endometrial sensitivity/response to
estrogen would be protective, while decreased
sensitivity/response to progesterone would increase risk.
Thus, the animal and clinical observations made appear
only partially consistent with the protective effect
observed in the present study. More directed studies,
including those specifically focussed on the effect of
IUDs on endometrial mitotic activity, arc needed to
clarify the mechanism by which 1UDs may protect
against endometrial cancer.

From a public-health view point, the significance of
these findings is not the protective association itself,
since it is unlikely that women will change contraception
practices because of these results. What is informative in
this study is that even a small positive association has
been ruled out with a high degree of confidence (p =
0.003). This is important, because, although the literature
does not provide any scientific evidence for a positive
association between IUD use and endometrial cancer,
neither does it rule out such a possibility. We should keep
in mind that the etiology of various human cancers is
thought to be associated with chronic inflammatory
processes, which the IUD could well induce in the
endometrium.
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The finding of a 50% reduction in the risk of
endometrial cancer among IUD users in this study is
reassuring, but requires replication. Given the increasing
worldwide popularity of 1UDs, further research designed
to address this association is warranted.
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PURPOSE: Few studies have examined methods of
contraception, beyond oral contraceptives (OCs) and tubal
ligation, in relation to ovarian cancer risk.

METHODS: Nine hundred two cases with incident
ovarian/peritoneal/tubal cancer were compared with1800
population-based control subjects. Women self-reported all
methods of contraception by using life calendars.

RESULTS: Each of the contraceptive methods examined
reduced the risk of ovarian cancer as compared with use of
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no artificial contraception. Comparing ever versus never use,
after adjustment for potentially confounding factors and all
other methods of contraception, the methods of contraception
that emerged as protective were OCs (adjusted odds ratio [ad]
OR] 0.75, 95% confidence interval [CI] 0.61-0.93); tuba
ligation (adj OR 0.63, 95% CI 0.51-0.77); intrauterine
devices (IUDs) (adj OR 0.75, 95% CI 0.59-0.95); and
vasectomy (adj OR 0.77, 95% CI 0.61-0.99). Although for
OCs and tubal ligation we found that the longer the duration
of use, the greater the effect, for IUDs the pattern was
reversed: significant protection occurred with short duration
and progressively greater risk (albeit nonsignificant) was
seen with longer duration of use.

CONCLUSIONS: In the largest case-control study to date,
a range of effective methods of contraception reduced the
risk for ovarian cancer. OCs and tuba ligation reduced
ovarian cancer risk with lower odds ratios with longer
duration of use, whereas IUDs reduced risk overall, having
the greatest impact with short duration of use.

Ann Epidemiol 2011;21:188-196. © 2011 Elsevier Inc. All
rights reserved.

KEY WORDS: Contraception, Contraceptive Methods,
IUDs, Oral Contraceptives, Ovarian Cancer, Tubal Ligation.

INTRODUCTION

Severa forms of contraception have been shown to reduce
the risk of developing ovarian cancer. Oral contraceptives
(OCs) reduce risk in a duration-dependent fashion, and the
effects of oral contraceptives last for at least 20 years after
cessation of use (1-4). Tubal ligation has aso been shown to
consistently reduce risk (5-8). Increasingly, OCs are
considered for chemoprophylaxis against ovarian cancer,
particularly in high-risk women (9-11).

Few studies have examined use of other methods of
contraception in relation to ovarian cancer risk. Small case-
control studies demonstrated some risk reduction with
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nonhormonal contraceptive methods; however, only small
numbers of women used each method, the findings were not
entirely consistent by method, and risk reductions were not
significant (1, 12-14). Two larger studies reached somewhat-
conflicting conclusions. In a large, case-control study by our
group, al methods of contraception (intrauterine devices or
intrauterine devices [IUDsg], barrier methods, and vasectomy,
as well as OCs and tubal ligation) reduced ovarian cancer
risk as compared with no contraception use; ever use versus
never use also reduced risk in multiparous but not nulliparous
women (15). An analysis from the prospective Nurses
Health Study cohort reported an increased risk associated
with ITUD use and no association for other contraceptive
methods (16).

The finding that multiple contraceptive methods reduce
ovary cancer risk must be scrutinized as possibly
representing a bias by fertility status. Ovarian cancer rates are
greater among infertile women (17, 18). In turn, many
infertile women spend long periods of time practicing
unprotected intercourse. Contraceptive users may thus appear
to be protected from ovarian cancer only because they are
less likely to be infertile. Alternatively, the finding that
methods of contraception beyond OCs and IUDs are
protective may provide insights into ovarian carcinogenesis.

Here we attempt to re-examine the results from our earlier
case-control study in a newly conducted population-based
case-control design. Our earlier study was conducted in the
Delaware Valley in and around Philadelphia, and our current
study was conducted in Western Pennsylvania and
surrounding regions (15). As we did previoudy, we attempt
to separate parity from contraceptive use and to examine the
specificity of contraceptive effects on risk reduction for
ovarian cancer. Here we examined OCs, IUDs, any barrier
methods, tubal ligation, and vasectomy (in a partner) in
relation to ovarian cancer risk.
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Selected Abbreviations and Acronyms
OC = oral contraceptive
IUD = intrauterine device
OR = oddsratio
ClI = confidence inerval

SUBJECTSAND METHODS

Subjects were enrolled in a population-based case-control
study conducted in a contiguous region comprising Western
Pennsylvania, Eastern Ohio, and Western New York State.
Cases were residents of this geographic region with histolog-
icaly confirmed primary epithelial ovarian, fallopian tube, or
peritoneal cancer diagnosed between February 2003 and
November 2008. Both invasive and borderline tumors were
included. Women were referred from hospital tumor
registries, clinical practices, or pathology databases and con-
tacted with the permission of their gynecologists. Eligible
women were at least 25 years of age and within 9 months of
initial diagnosis. Controls consisted of women at least age 25
who lived in telephone exchanges wherein cases resided.
Random digit dialing was used to identify age-eligible
women, and these were further screened by the study team to
ensure that they had not had a previous oophorec-tomy or
diagnosis of ovarian cancer. Eligible women were then
invited to participate. Potential controls were frequency
matched by 5-year age group and telephone exchange to
cases in a ratio of approximatey 2:1. Women were
interviewed in their homes by trained interviewers. The
guestionnaire included a reproductive and gynecological
history, a contraceptive history, a medica history, a family
history, and information on lifestyle practices. All study
subjects gave informed consent for participation.

From Pennsylvania and Ohio, we identified 2458 potential
cases with histologically confirmed borderline or invasive
epithelial ovarian cancer or tubal/peritoneal cancer. After
excluding women who were ineligible on the basis of age and
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time since diagnosis; deceased; residence outside of the
counties in which referral hospitals were located; previous
diagnosis of ovarian cancer; or inability to speak English,
there were 997 who had incident cancer and were eligible for
the study. Two hundred thirty one women were untraceable
and 115 women refused to participate or their physicians
refused on their behalf. Thus, 651 women completed case
interviews. From New York, we identified 420 potentia
cases. After excluding women who were ineligible based on
the aforementioned criteria, there were 273 who had incident
cancer and were eligible for the study. Fourteen women were
untraceable, and eight women refused to participate or their
physicians refused on their behalf, resulting in a sample of
251 women who completed interviews.

Overal, 902 women with ovarian, tubal/peritoneal cancer
completed an interview and are included in these analyses.
For brevity, we subsequently use the term ovarian cancer to
describe all cases.

Controls were identified from 90,540 random digit dialing
calls. Of these, 46,752 reached nonworking numbers; 26,237
were unresolved (never reached a person); 14,899 reached an
ineligible or indeterminate household (no woman within the
age range or no information given); and 808 refused to
participate. Of the 1844 eligible women willing to be inter-
viewed in the initial screening, 1802 controls completed an
interview. Two controls had an oophorectomy before the
interview and were further excluded from our study, and
1800 controls completed an interview.

Cases included 677 women with invasive epithelial ovarian
tumors, 97 with borderline epithelial ovarian tumors, 75 with
peritoneal tumors, 32 with fallopian tumors, and 21 women
with “other” or a missing type. The diagnosis of ovarian
cancer was confirmed by local pathology in all cases.
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Contraceptive Use

Standardized 2-hour-long interviews were conducted by
trained interviewers in the homes of participating women. A
“life’ calendar marked with important events that each
participant recalled during her life was used to enhance
memory of distant information. Using the calendar, the
interviewer led each woman through a recall of her sexual
activity, use of various contraceptive methods, pregnancy
attempts, and reproductive events for every month from
sexua debut until a reference date. The reference date was
calculated as 9 months before the interview (for both cases
and controls) to ensure that exposures occurred before
ovarian cancer diagnoses in cases and within a similar time
frame for cases and controls. All contraceptive use was
recorded, including the type of contraception, frequency of
use, duration of use, and reason for use. Finally, we asked
women about any medical consultation for fertility problems.

Covariates

Detailed information on demographic factors, physical
characteristics, medical history, lifestyle, and family history
was obtained by interview. These included factors that have
been previously associated with ovarian cancer: race, educa-
tion, family history of ovarian cancer, number of live births
and pregnancies, and breast-feeding.

Tablel
Demographic and reproductive char acteristics of ovarian
cancer cases and controlsin the HOPE study

* % %

Statistical Analysis

All analyses were restricted to women who had ever had
sexual intercourse with a man. Thirty-three cases and 23
controls that had never had intercourse were excluded on the
basis that they would not have had the opportunity for
exposure to contraceptive methods for contraception.



448a

Because we did not engage in individual matching of cases
and controls, we used unconditional logistic regression anal-
yses. We adjusted the odds ratios (ORs) for any residual
effect of age and for gravidity (each as continuous variables),
race (white/black/other), self-reported infertility (yes/no for
diagnosis or use of infertility medications), and history of
ovarian cancer in any first-degree relative (yes/no). We
included these covariates because they were the strongest
covariates related to ovarian cancer in our data. The inclusion
of education and breast-feeding did not affect our results. We
subsequently adjusted for all other forms of contraception
other than the one of interest (e.g., for OCs, this analysis
included the covariates listed above plus ever use of 1UD,
tubal ligation, and vasectomy). Oral contraceptive use was
categorized as use for contraception, for noncontraceptive
uses such as to control abnormal bleeding or menstrual pain,
or for both contraception and other uses. Barrier methods
included condoms, diaphragms, foam, sponges, or cervica
caps. The reference group of no contraception included
women who reported never using OCs, birth control
implants, IUDs, any barrier methods, tuba ligation, or
vasectomy (in a partner). These women may have used
natural family planning (that is, having intercourse during
times when the woman believed she was not ovulating),
withdrawal, or nothing. We do not report as a separate
category of contraception birth control implants, because the
number of women using these methods in our study was
small (16 cases and 46 controls).

Table2

Oddsratiosfor ovarian cancer comparison of ever-use of

contraceptive methods with never-use

* % %

Table3
Oddsratiosfor ovarian cancer: comparison of ever use of
contraceptive methodswith no artificial contraception

* % %
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RESULTS

Study subjects were predominantly white, post-high school
graduates, 60 or older, and postmenopausal (Table 1). The
commonly-found protections with increasing education,
numbers of pregnancies/live births and breast-feeding were
observed. Cases were more likely to be African American
than controls, suggesting a selection bias among this small
segment of subjects.

We found a reduction in the risk of ovarian cancer for ever
versus never use of each of the methods for contraception
analyzed (Table 2). However, after adjustment for age, race,
family history of ovarian cancer, infertility, and gravidity,
significant protection was seen only with IUDs as well as
OCs for contraception and tubal ligation. After further
adjustment for all other forms of effective contraception,
IUDs, OCs for contraception, and tubal ligation remained
significantly protective; now vasectomy also reached a level
of significant protection.

Because ever use of contraceptive methods is complicated
by admixing users of other methods, mixed methods, and
none of these methods over a lifetime, we aso compared
users of each method with women who used no artificia
contraception, defined as use of only natural family planning,
withdrawal, rhythm, or no contraception (Table 3). Each of
the methods significantly reduced the risk of ovarian cancer
as compared to no artificial contraception.

Next, we examined the association between contraception
and ovarian cancer among women with zero, one, two, or
three or more pregnancies (Table 4). Both OCs for
contraception and tubal ligation significantly reduced risk in
some but not all gravidity categories, without a clear pattern
of greater or lesser effects as gravidity increased. IUD use,
despite generating protective odds ratios similar to those for
OCs, did not produce significant results in any gravidity
category, possibly because of small sample sizes. Vasectomy
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also did not produce significant reductions in risk in any
gravidity category.

By duration, OCs had a progressively greater impact with 4
or fewer years, 5 to 9 years, and 10 or more years of use
(Table 5). Similarly, longer duration of tubal ligation was
associated with lower risk. For IUD use, the pattern was
reversed: significant protection occurred with short duration
(< 4 years) use and progressively greater risk was seen with
longer duration of use (adjusted ORs 0.53 for <4 years; 1.11
for 5-9 years, 140 for >10 years). We further explored
whether time since last [lUD use might drive these observa-
tions. Although there was a trend toward reduced risk with
increasing time since last use, this was eliminated with
adjustment for (i.e., not independent of) IUD duration. We
did not have data on duration of vasectomy.

Additional analyses showed our observations to be robust.
Contraception use before the first pregnancy or episode of
trying was protective (OCs for contraception, OR = 0.87,
95% confidence interval [CI] 0.69-1.11); IUD, OR = 0.81,
0.41-1.60). Adjustment for breast-feeding in the multivariate
analyses had no substantial effect on our results for ever-
never use. Analyses including only epithelial ovarian cancer
(excluding fallopian and peritoneal cancers) essentially
replicated those shown here with the result for vasectomy
dightly enhanced in these anayses when adjusted for
confounders plus all other contraceptive methods (OR 0.73,
95% CI 0.56-0.94).

Finally, we examined use of concomitant methods of birth
control over a lifetime (Table 6). The mgority of women
used more than one contraceptive method over alifetime and
of these, the most common combination was OC use plus
another method. For instance, of the 424 women whose
contraceptive use included vasectomy, only 89 (21%) did not
also use OCs.
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Table4
Adjusted oddsratiosfor ovarian cancer: comparison of ever-
use of contraceptive methods with never-use by gravidity

group

* % %

DISCUSSION

We report here the largest case-control study to examine
whether effective methods of contraception, beyond OCs and
tubal ligation, reduce the risk of ovarian cancer. Consistent
with the results of our previous case-control analysis (15), we
found that use of avariety of different contraceptive methods
generally reduced risk of ovarian cancer as compared to use
of no artificial contraception. Such an anaysis is amost
certainly confounded by fertility in that women who are
infertile or subfertile would be less likely to use effective
methods of contraception and more likely to develop ovarian
cancer. In our current, more discriminating analyses of ever
Versus never use, comparisons to OCs, and use within parity
categories, the methods of contraception that emerged as
protective were OCs, tubal ligation, IUDs, and vasectomy.
Vasectomy is intriguing but we were less informed about this
relationship with ovarian cancer since we had no data on
duration of use. IlUDs were particularly interesting because
(i) they are not traditionally thought to reduce the risk of
ovarian cancer; (ii) duration-response analyses showed a
counter-intuitive pattern wherein shorter use reduced risk and
longer use (albeit nonsignificantly) increased risk.

Table5
Adjusted ORsand 95% Clsfor ovarian cancer comparison of
duration of use of contraceptive methodswith never use

* k% %

Table6
Contraception methods use by cases and controls

* % %
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Our results replicated a plethora of earlier studies linking
OCs and tubal ligation to reduced ovarian cancer risk (5-7,
19, 20). In particular, our results mirror adjusted ORs for
ever-use of OCs reported from a meta-anaysis (0.7) and a
pooled analysis (0.66) (2, 21). We partialy, but did not fully,
replicate a much more limited literature that has addressed
the relation between other forms of contraception (barrier,
IUD, or vasectomy) and the risk of ovarian cancer. In these
studies, the reported ORs were generdly less than 1.0;
however, none of those studies had enough women in any
contraception category, other than OCs, to show strong
effects or to explore more fully comparisons between cate-
gories (1, 12-15, 22). In the only prospective study to
examine contraception methods beyond OCs and tubal liga-
tion, Tworoger et a. (16) found a significant relative risk of
1.76 associated with ITUD use. Unfortunately, only 18 1UD
users informed the analysis and thus duration and time since
last use of 1UDs was not reported. Here, we did not show
significant risk reductions for barrier methods and vasectomy
but we did find that shorter-duration IUD use reduced risk
while longer duration lUD use increased risk.

In previous analyses stratifying by parity or gravidity
groups, results have been mixed. In our previous study, we
found risk reductions to be limited to multigravid women
(15). In our current study, we found a patchy set of associa-
tions that did not clearly demonstrate a limitation by
gravidity category but was not fully consistent between
gravidity categories, perhaps on the basis of the sizes of
individual stratification cells. All methods were protective
before the first pregnancy, a time during which women might
not yet know their fertility potential and thus not yet adjust
their contraceptive strategy. All of this suggests that
confounding by fertility status is an unlikely explanation for
our observations.

A variety of biological explanations have been offered to
explain the protective effect of OCs on ovarian cancer risk.
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These include: (i) excessive ovulation promotes risk; (ii)
elevated steroid hormone levels increaser risk; (iii) unop-
posed estrogen increases risk; and (iv) pelvic inflammation
increases risk (23-27). Tubal ligation has been posited to
have an effect via a reduction in utero-ovarian blood flow
resulting in altered local hormonal and growth factor levels,
or via its protection against the ascension of inflammants
(26-28). Some IUDs contain progestin, which has been
proposed to reduce the risk of ovarian cancer (25). However,
only atiny fraction of IUD usersin the current analysis (n =
14) reported using progestin-containing 1UDs. 1UDs,
particularly older formulations, such as the Dalkon Shield,
increased the risk for pelvic inflammatory disease. The
hazard likely occurred because of the particular construction
of the multifilament string attached to the Dalkon Shield. But
it also may have related to insertion through a cervix infected
with the bacterial sexually transmitted infections that cause
pelvic inflammatory disease, as suggested by the close
tempora relationship between insertion and pelvic inflam-
matory disease and the relative safety of modern-day use,
which is confined to monogamous women without cervical
infections (29). These facts may explain our counterintuitive
finding of a reversed duration-response relationship (longer
use associated with increasing risk). IUDs must be replaced
every 5 to 10 years depending on the product; longer use
would imply more insertions and thus greater risk of
infection and inflammation. Shorter use might actualy
reduce upper genital tract inflammation by virtue of killing
sperm. Indeed, the marginal reduction in risk from vasectomy
might suggest some protection from reduced exposure to
sperm.

Strengths of this study include the population-based
ascertainment of cases and controls, the large number of
women interviewed, the use of life calendars and emphasis
on recall of contraceptive use and reproductive experiences,
and the structured interviews to enhance recall. All of these
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methodological features reduce the potential for selection and
information bias. The greatest study limitation was the
challenge of separating the effects of various contraceptive
methods because the use of more than one method over a
lifetime was the norm. We attempted to separately delineate
methods by adjusting for al methods in logistic regression
analyses and by comparing each method to no effective
method. Nonetheless, residual confounding remains a real
concern. Other study limitations included: (i) selection
against women with short life expectancies postdiagnosis
who may have become debilitated or died before interview
and (ii) inaccurate recall of past contraceptive experiences.
Women may have incorrectly recalled past events, such as
the duration of use of contraceptive methods. It is less likely
that women would misremember ever versus never-use of
contraceptive methods (30, 31). Previous investigators (30—
35) have found that among ever-users of OCs identified by
medical records, 80% or more reported OC use; an even
larger proportion of 1UD users identified by medical records
reported 1UD use.

In summary, from this large study of contraceptive methods
and ovarian cancer, we confirmed that OCs and tubal ligation
reduced risk for ovarian cancer. Short-term 1UD use reduced
risk but long term IUD use tended toward elevating risk.
Because contraceptive methods are modifiable and because
ovarian cancer is highly lethal, these findings should be
added to other considerations when selecting contraceptive
methods.
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Abstract

Many cancers, including ovarian, overexpress epithelial
mucin (MUCL1) and promote anti-MUC1 antibodies that may
correlate with more favorable prognosis. By extension, risk
for ovarian cancer might be reduced by preexisting MUC1-
specific immunity. We measured anti-MUCL1 antibodies in
705 control women, identified events predicting antibodies,
and estimated ovarian cancer risk by comparing profiles of
events generating antibodies in controls with those in 668
ovarian cancer cases. Factors predicting antibodies included
oral contraceptive use, breast mastitis, bone fracture or
osteoporosis, pelvic surgeries, nonuse of talc in genita
hygiene, and to a lesser extent intrauterine device use and
current smoking. There was a significant increase in the
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likelihood of having anti-MUC1 antibodies from 24.2% in
women with 0 or 1 condition, to 51.4% in those with five or
more conditions. By the same index of events, the risk for
ovarian cancer was inversely associated with number of
conditions predisposing to anti-MUC1 antibodies. Compared
with having experienced 0 or 1 event, the adjusted risk for
ovarian cancer decreased progressively with relative risks
(and 95% confidence limits) of 0.69 (0.52-0.92), 0.64 (0.47-
0.88), 0.49 (0.34-0.72), and 0.31 (0.16-0.61), respectively for
women with two, three, four, and five or more events related
to the presence of antibodies (Pyeng < 0.0001.) We conclude
that several traditional and new risk factors for ovarian
cancer may be explained by their ability to induce MUC1
immunity through exposure of MUC1 to immune recognition
in the context of inflammatory or hormona processes in
various MUCIl-positive tissues. (Cancer Epidemiol
Biomarkers Prev 2005;14(5):1125-31)

Introduction

Human mucin (MUC) family member, MUCL, is a high
molecular weight protein expressed in a highly glycosylated
form and low levels by many types of normal epithelial cells
and in a hypoglycosylated form and high levels by most
epithelial adenocarcinomas, including breast and ovarian
cancer (1). Anti-MUCL antibodies have been described and
correlated with a more favorable prognosis (2-5) showing
that patients generate immunity against MUC1 produced by
their tumors and defining MUC1 as a tumor-associated
antigen and candidate for cancer vaccines (6). Anti-MUC1
antibodies are also found in healthy individuals, especialy in
women during pregnancy and lactation. It has been
hypothesized that a natural immunity against tumor MUC1
might develop and account for the long-term protective effect
of pregnancy or breast-feeding on breast cancer risk (7), an
elaboration on the so called “fetal antigen theory”(8). Indeed
it has been shown that sera from multiparous women, but not
from nulliparous women or from men, are able to mediate
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killing of breast cancer cells (9). Supporting a key role for
MUCL1 in these reactions, core peptide sequences from
MUCL1 can induce proliferation of T cells and cytotoxic T-
cell responses in multiparous women (10). Recently, the
“fetal antigen” hypothesis was extended to ovarian cancer
after it was shown that sera from multiparous women also
reacted with multiple antigens from ovarian cancer cells
more strongly than sera from nulliparous women or men
(11), although MUC1 was not specifically examined in these
experiments.

In this study, we used an ELISA to determine the presence
and relative amounts of MUC1-specific antibody in women
from the general population who served as controls in a study
of ovarian cancer. In analyses confined to these controls, we
identified the predictors of anti-MUC1 antibodies and used
case-control comparisons to evaluate these predictors in
relation to ovarian cancer risk. We hypothesized that events
predicting anti-MUC1 antibodies would be inversely
associated with ovarian cancer risk and that there would be a
cumulative effect of such events.

Materials and M ethods

Subject Recruitment and Study. This report is based on
the second phase of a population-based case-control study of
ovarian cancer conducted between 7/98 and 7/03 and
involving eastern Massachusetts and all of New Hampshire,
approved by the Brigham and Women's Hospital and
Dartmouth Medical Center’'s Institutional Review Boards.
We identified 1,267 cases from tumor boards and Statewide
Registries and excluded 119 cases who died, 110 who moved
from the study area, one who had no telephone, 23 who did
not speak English, and 46 found to have a nonovarian
primary upon review. Of the remaining 968, physicians
denied permission to contact 106 and 171 declined to
participate, leaving 691 cases interviewed. Of these, 668 had
an epithelid ovarian cancer (including borderline
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malignancies) and are included in this report. A small
number of cases (n = 48) were enrolled before surgery.

Controls were identified through town books in
Massachusetts and Drivers License lists in New Hampshire
and sampled to match the age and residence of previously
accumulated cases. Invitations to participate were sent to
1843 potentia controls. Of these 318 had moved and could
not be located or had died, 197 (in Massachusetts) could not
be recontacted because subjects returned an “opt out”
postcard required by the hospital’s Institutional Review
Boards, and 47 no longer had a working telephone. Of the
remaining 1,281 who were contacted, 152 were ineligible
because they had no ovaries or were not the correct age, 59
were incapacitated or did not speak English, and 349
declined, leaving 721 who were interviewed and included in
this report.

After written informed consent, an in-person interview
dealing with demographic, medical, and family history was
conducted. Subjects also completed a self-administered
dietary questionnaire. Heparinized blood specimens were
collected from subjects agreeing to provide one; separated
into red cell, buffy coat, and plasma components; and stored
at -80°C.

ELISA Assay for Anti-MUC1 Antibodies. Plasma
specimens were available for measuring anti-MUC1
antibodies in 48 cases with preoperative bloods and 705
controls. Antibodies were measured against a synthetic 100-
mer MUC1 peptide corresponding to five tandem repeats of
the MUC1 polypep-tide core tandem repeat region, according
to our previously published protocol (2). Briefly, 0.5 Ag of
MUCLI peptide in 100 AL of PBS was added to each well of
Immulon 4 plates (Dynax, Chantilly, VA) and incubated
overnight at 4°C. Control plates without the MUC1 peptide
were also prepared. The plates were washed thrice with PBS
and 100 AL of 2.5% bovine serum albumin in PBS added for
1 hour at room temperature to coat remaining sitesin the well
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(blocking step). Fifty microliters of serialy diluted plasma
(2:20 to 1:80 in PBS) were added to the MUC1 peptide-
coated and control plates and incubated for 1 hour at room
temperature. The plates were washed 5x with 100 AL PBS
and 0.1% Tween 20 detergent. Fifty microliters of secondary
antibody, alkaline phosphatase- labeled goat anti-human
polyvalent IgM, 1gG, IgA (Sigma-Aldrich, St. Louis, MO),
diluted 1:1,000, was added for 1 hour at room temperature,
and plates again washed 5x with PBS-Tween. One hundred
microliters of akaline phosphatase substrate pNPP (Sigma-
Aldrich) were added at 3 mg/mL in 0.05 mol/L NaCO3 and
0.5 mmol/L MgCI2 and the plates incubated in the dark for
exactly 1 hour before adding 50 AL of the stop solution (0.5
mol/L NaOH). The absorbance at 405 to 410 nm was
measured using the plate reader MRX Revelation (Thermo
Labsystems, Chantilly, VA). Absorbance vaues for each
samplein the MUC1-coated plate were compared with values
in the antigen-negative plates to subtract nonspecific binding.
Based upon the previous responses in over 500 cancer cases
and controls, absorbance reactions at the 1:20 dilution at <0.6
are scored as negative, reactions in the 0.6 to 0.79 range as
low, reactions in the 0.8 to 0.99 range as intermediate, and
reactions z1.0 as high. In the current study, 20 blinded
replicate specimens were included and the Spearman
correlation coefficient between the paired absorbances was
0.93 (P < 0.0001).

Statistical Methods. Logistic regression analysis was used
to compare those with an antibody reaction at any level
against those considered negative for MUC1 antibody (A <
0.6), while adjusting for potential confounding variables.
Spearman rank correlations or generalized linear modeling
was used to assess differences in absorbance levels (using
log-transformed values of absorbance) for a more
guantitative assessment of factors affecting anti-MUC1
antibody production. Combinations of factors were examined
to identify the best cumulative index of experiences
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associated with likelihood of having antibodies. Ovarian
cancer cases and controls were then categorized by the
presence or absence of events found to affect the likelihood
of antibodies and risk for ovarian cancer calculated using
unconditional multivariate logistic regression to adjust for
potential confounders. In our models, we adjusted for the
matching variables, age (continuous), and study site
(Massachusetts, New Hampshire), as well as ethnicity
(White, non-White), religious background (Jewish, non-
Jewish), and parity as a continuous variable except where
noted in the text or footnotes.

Results

The distributions of absorbance readings (corresponding to
the amount of anti-MUCL1 antibodies measured in the ELISA
assay) seemed bimodal in cases with preoperative bloods and
skewed right in controls prompting log transformation for
statistical testing (Fig. 1). By a cutoff of A z 0.6, 33.8% of
controls and 45.8% of cases were positive for antibodies. By
a cutoff of A z1.0, 12.3% of controls and 25% of cases had a
high level of antibodies, a significant difference that likely
reflects an ongoing immune response to tumor in the cases.

Events Predicting Occurrence of Anti-MUC1
Antibodies. A number of demographic, reproductive, and
medical conditions were examined as they affected the
likelihood of controls having a low, intermediate, high level,
or any anti-MUC1 antibody (Table 1). The last two columns
show the (geometric) mean absorbance value, its SE, and the
P from the linear regresson model. Age was a strong
predictor with 50% having antibodies at ages <35, declining
to 29.3% at ages 55 to 64 years, and increasing back up to
32.6% in those ages z65 years, prompting age adjustment
when testing for the significance of further variables. The
proportion of women who were positive for anti-MUCL1
antibody was similar for women who had never been
pregnant (33.3%), had at least one live birth (34.1%), or had
breast-fed without experiencing a mastitis (33.0%) but
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elevated for women who had experienced mastitis while
breast-feeding (46.1%). Notably, 25.0% of women reporting
mastitis had high antibody |evels compared with 10% to 14%
of parous women who either never breast-fed or breast-fed
and reported no mastitis (P = 0.05). Women who had used
oral contraceptives (OC), compared with those who had not,
were more likely to have antibodies; and this was most
apparent among premenopausal women in whom 40.7% of
OC users had antibodies compared with 26.7% of nonusers
(P = 0.05). The proportion of women with antibodies was
also higher for those who reported a bone fracture or
osteoporosis after age 40 or within 20 years of their age at
interview (36.0%) than in those who had not (33.0%) and
17.1% of women with fracture/osteoporosis had high
antibody levels compared with 10.8% of women who had not
(P = 0.03). Severa types of pelvic/gynecologic surgery,
including tubal sterilization, cervical conization, and cesarean
section increased the likelihood of a positive antibody
reaction and 47.2% of women who had more than one
surgery had antibodies compared with 30.9% of women who
never had pelvic surgery (P = 0.01). A surprising finding was
that 38.1% of women who reported no use of cosmetic talc in
hygiene had antibody compared with 28.6% of women who
regularly used talc in genital hygiene (P = 0.04). The fina
entry shows the trend for elevated anti-MUC1 antibody
levels by increasing number of antibody-promoting
conditions. These included all variables significant in
univariate analyses, such as OC use, bone fracture, mastitis,
pelvic surgery, and genital talc use (where no use was
considered the “condition”) as well as variables of margina
significance in the univariate analysis, which nevertheless
improved the overall mode including current smoking and
use of an intrauterine device (IUD). A significant trend (P =
0.0005) in the likelihood of having antibodies was observed
such that 24.2% of women who had zero or one of condition
had antibodies compared with 51.4% of women who had
experienced five or more of these conditions.
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Figurel
Distribution of absorbances from anti-M UC1 antibody assay
in caseswith preoperative bloods and all controls

* k% %

Tablel
Occurrence of anti-MUC1 antibodiesin control women by
epidemiologic variables

* k% %

Spearman (rank) correlations were calculated between the
absorbance reading and several variables quantifiable on a
numerical scale. No significant correlations were noted with
number of live births, months of breast-feeding, or pack-
years of smoking (data not shown). Weak but significant
positive correlations were noted between absorbance values
and months of OC use (r = 0.09, P = 0.02) and number of
cesarean sections (r = 0.10, P = 0.02). A nonsignificant
inverse correlation was noted between absorbance and
estimated total applications of talc. When genital talc users
were characterized by <weekly, weekly, and daily use, there
was a trend of borderline significance (P = 0.11) for women
using talc more frequently to have the lower antibody levels
after adjustment for age, smoking, bone fractures, and OC or
IUD use.

Risk for Ovarian Cancer Associated with Antibody-
Promoting Events. The variables examined in relation to
anti-MUC1 antibodies were then examined in relation to
ovarian cancer risk, based upon case-control comparisons
(Table 2). Odds ratios for ovarian cancer with each of these
variables (except for age which was a matching variable)
were calculated and adjusted for age, study site, exact parity,
non-White race, and Jewish religion. Our study confirmed
the influence of known ovarian cancer risk factors including
parity, breast-feeding, and OC use. In addition, we identified
previously unreported risk factors, including mastitis, relative
risk (and 95% confidence limits) of 0.35 (0.16-0.77); IUD
use, relative risk of 0.68 (0.50-0.91); and bone fracture,
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relative risk of 0.70 (0.530.91). The fina entry shows the
association between number of  antibody-promoting
conditions and ovarian cancer risk. Compared with women
with zero or one condition, the risk for ovarian cancer
decreased progressively with relative risks (and 95%
confidence limits) of 0.69 (0.52-0.92), 0.64 (0.47-0.88), 0.49
(0.34-0.72), and 0.31 (0.16-0.61), respectively, for women
with two, three, four, and five or more conditions (Ptrend <
0.0001). This pattern mirrored the effect of these same
conditions on the likelihood that control women had anti-
MUC1 antibody (Fig. 2). Finaly, risk by number of
antibody-promoting conditions was examined separately for
major histologic subtypes of ovarian cancer (Table 3). The
inverse association was most evident for endometrioid
cancers followed by undifferentiated and then invasive
serous cancers. Numbers were too limited to make any
definitive comments about predictors of antibodies among
the 48 cases with preoperative bloods in whom anti-MUC1
antibodies were measured.
Discussion

To date, thisisthe largest study to examine determinants of
anti-MUCL1 antibodies and the first to show that conditions
that generally increase the likelihood of having antibodies
decrease the risk for ovarian cancer. MUC1 is normally
present in a glycosylated, membrane-bound form on the
apical surface of most polarized epithelia cells of the
respiratory, genitourinary, and digestive tracts as well as
breast ducts (12). With malignant transformation, epithelial
cells lose polarity and overexpress MUCL on their entire cell
surface. A soluble, underglycosylated form circulates in
cancer patients, thus becoming available for recognition by
the immune system (6, 13). Some healthy women and men
also have detectable MUC1 (albeit much lower levels) as
well as anti-MUC1 antibodies. In women mostly ages 50 to
70 years, McGuckin et al. assessed the presence of
circulating MUC1 using the cancer-associated serum antigen
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assay. Cancer-associated serum antigen concentrations were
elevated in smokers and increased progressively with age
(14). In asample of women from the same study, Richards et
al. then measured anti-MUC1 antibodies and found that
virtually all women less than age 40 had antibodies and this
percentage declined with age (4), somewhat similar to the
pattern we observed. It is well established that women have
MUC1 and anti-MUC1 antibodies during pregnancy and
breast-feeding, presumably due to changes within the breast
or uterus that ater MUCL expression, glycosylation, or
shedding (4, 15, 16). In addition, Hinoda et al. observed
antibodies specific for the peptide backbone of MUC1 in
patients with ulcerative colitis and speculated that
inflammation may change MUC1 glycosylation and enhance
its immunogenicity (17). One difficulty in evauating these
studies is that assays both for MUC1l and anti-MUC1
antibodies may differ. In measuring antibodies, assays will
vary by the specific epitope of MUC1 and the secondary
immunoglobulin antibody used. The assay in our study is
based on the peptide backbone of MUC1 that we believe is
closer to tumor MUC1 and we assessed total
immunoglobulin levels including all isotypes, 1gG, IgM, and
lgA.

In our data, anti-MUC1 antibodies were associated with
events affecting the reproductive tract, whose epithelia
heavily express MUCL1 (18). Injury and/or inflammation of
these tissues, surgery, and other events might alow
enhancement of MUC1 expression, spillage into circulation,
and presentation to the immune system. Thus, the mechanism
by which tubal sterilization reduces ovarian cancer risk,
previousdly attributed to preventing substances like talc or
endometrial cells from reaching the ovaries (19, 20), may
include production of protective antibodies. In our data,
cervica conization involving injury and repair of
endocervical tissue was also associated with a nonsignificant
increase in antibody formation and decrease in risk for
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ovarian cancer. Antibody formation was aso directly
correlated with number of cesarean sections, which involve
incision and repair of the uterine wall and endometrium.
Endometria expression of MUCL might also be affected by
IUD use, as suggested by biopsies showing a low-grade,
chronic inflammation with enhanced mucin staining (21). We
found that IUD use increased the likelihood of antibodies in
the “low”’range and significantly decreased the risk for
ovarian cancer. This is the first study to identify an inverse
association between ovarian cancer and IUD use, whereas
there is considerably more evidence that IUD use reduces
risk for endometrial cancer (22), another tumor with high
MUC1 expression (23).

Anincreased likelihood of MUC1-specific antibodiesin the
“high” range was found in women reporting bone fracture or
adiagnosis of osteoporosis. Both conditions are known to be
associated with high interleukin 6 levels (24, 25), an
important regulatory cytokine for MUC1 expression (26).
Furthermore, a bone fracture might be associated with release
of hemato-poetic precursors into the circulation, some of
which may express MUC1 and be immunogenic (27). We
aso found an inverse association between bone
fracture/osteoporosis and ovarian cancer risk, which to our
knowledge has not been shown previoudly. Interestingly,
bone fracture is associated with reduced endometrial and
breast cancer risk (28). Whereas this may ssimply reflect low
estrogen, an influence of anti-MUCL antibodies should also
be considered. Besides bone fracture and IUD use, a third
factor, which may link the etiology of ovarian and
endometrial cancer, is smoking. A decreased risk for
endometrial cancer is found in smokers, especially current
smokers (29, 30). The data are less clear for ovarian cancer
with two recent studies suggesting that smoking may
increase the risk only for mucinous histologic subtypes (31,
32). Although current smoking was not clearly related to
either anti-MUCL1 antibody development or ovarian cancer
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risk in our univariate analyses, it did improve the cumulative
index models in Tables 1 and 2. Furthermore, McGuckin's
observation that smokers have higher serum MUC1 levels
(presumably from damaged lung epithelium) provides a basis
for linking current smoking to anti-MUC1 antibody
production (14).
Table2
Adjusted risk of ovarian cancer by epidemiologic variablesin
ovarian cancer casesand controls

* k% %

Figure2
Likelihood of anit-M UC1 antibodies by index of number of
conditions and risk for ovarian cancer by sameindex

* % %

OC use is a dtrong protective factor for ovarian (and
endometrial) cancer and also seemed to generate anti-MUC1
antibodies, particularly among premenopausa women.
CA15-3 (MUC1) levels in saliva were found to be 75%
higher in OC users compared with nonusers, a nonsignificant
difference in that small study (33). Other studies suggest that
MUC1 expression in the endometrium is progesterone
dependent (34) and up-regulated by exogenous progesterone
(35). Considered together, these observations support the
speculation that OC users may have higher MUC1 levels that
could trandlate into higher antibody production.

History of mastitis was associated with both increased anti-
MUCL1 antibodies and decreased ovarian cancer risk in our
study. We believe this is an important finding in light of our
previous report of a long-term breast cancer survivor in
whom MUC1-specific antibody production and mucin-
specific T lymphocytes became elevated following mastitis
in pregnancy (36). The lactating breast secretes a form of
MUCL1 that is similar to the underglycosylated form of
MUC1 produced by tumors. Thus, mastitis may lead to a
potent anti-MUC1 and antitumor immune response, which
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could explain the substantial decreased risk for ovarian
cancer associated with mastitis found in our current study.

Curiously, we found that use of talc in the genital areawas
associated with significantly decreased levels of anti-MUC1
antibodies. Use of talc in the genital area would expose at
least lower genital tract epithelia to talc and conceivably
affect MUCL expression in these tissues. In serial assays of
pleural fluid in patients who received talc pleurodesis,
inflammatory mediators eventually became depressed (37).
Use of talc in the genital area has been consistently found to
increase the risk for ovarian cancer in several meta-analyses
(38-40). However, some investigators have challenged the
association because of uncertainty about its biological basis
and the absence of a dose-response relationship (38, 40).
Although our present finding may also meet with skepticism,
a testable hypothesis is now suggested by the possible link
between genital talc exposure and systemic diminution of
anti-MUCL1 antibodies.

Existing theories of ovarian cancer pathogenesis have
invoked incessant ovulation, gonadotropin excess, androgen
excess, progesterone deficiency, or deleterious effects of
inflammation to explain risk factors for ovarian cancer (41-
44). Our findings offer an additional perspective on how OC
use, tuba sterilization, and even talc use might exert their
effects on ovarian cancer risk and suggests an entirely new
set of protective factors such as mastitis, IUD use, and bone
fracture that might be explained by the same immune
mediated mechanism. Interestingly, this mechanism may aso
explain the decreased risk for ovarian cancer associated with
mumps parotitis noted in older studies conducted before the
widespread use of vaccination (45, 46). Anaogous to
mastitis, infection of MUC1-rich salivary glands might also
lead to an anti-MUC1 immune response and antibody
production. Clearly, we have not explained al features of
ovarian cancer including the “dose-related” decrease in risk
associated with multiple pregnancies and length of breast-
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feeding. Based on the studies reporting anti-MUCL
antibodies in women currently pregnant or breast-feeding, we
had expected, but did not observe, that antibodies would
increase with the more pregnancies a woman had or the
longer she breast-fed. However, it should aso be appreciated
that anti-MUCL antibodies are just one of several immune-
effecter mechanisms that may aso include helper and
cytotoxic MUC1-specific T cells that are generated by
MUC1 presentation to the immune system. Indeed, the
reactions described in sera and T cells from multiparous
women suggest that a complete picture of the link between
ovarian cancer risk and MUC1 immunity will require
assessment of cell-mediated reactions. In addition, immunity
to other human mucins, including MUC16 (CA 125), may
also need to be examined.

The principal limitation of our study comes from its case-
control design. Exposure information was collected by self-
report after the diagnosis in cases, introducing the possibility
of misclassification. More importantly, we were unable to
directly compare anti-MUC1 antibody levels in cases and
controls and directly calculate odds ratios based on antibody
levels because the cancer itself leads to production of
antibodies. Consequently, assessing antibodies in cases after
the diagnosis is not useful for identifying earlier events that
influenced antibody generation or the predictive vaue of
such antibodies. Prospective studies, in which blood samples
are obtained decades or years before the development of
ovarian cancer, will be necessary to assess directly the
predictive value of anti-MUC1 antibodies on ovarian cancer
risk. In addition, prospective studies before and after events
like tubal sterilization, IUD use, mastitis, etc. that document
the precise changes in the status of anti-MUC1 antibodies
will refine our “cumulative index model” with its crude
assumption that all events might be of equal potency in
ability to generate antibodies. Thus, we make no claim this
model is final but rather represents a smple foundation for a
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paradigm shift that will incorporate MUC1 immunity as a
key mechanism through which many risk factors for ovarian
cancer may exert their influence.

Table3
Adjusted risk, 95% confidenceintervals, and trendsfor
ovarian cancer of different histologic types associated with
number of conditions predisposing to MUC1 antibodies

* k% %

In summary, evidence from this case-control study of
ovarian cancer suggests that events predicting the presence of
anti-MUCL1 antibodies are inversely associated with ovarian
cancer risk and that the more conditions a woman
experienced to raise antibodies the lower is her risk for
ovarian cancer. We believe these data support the immune
response as one mechanism of action of “traditional” ovarian
cancer risk factors such as OC use and tubal sterilization, as
well as novel ones observed in this study including mastitis,
bone fracture, and 1UD use. If, as we would like to propose,
the immune response is a major mechanism, the implications
are profound because it may eventually offer new avenues
for ovarian cancer prevention through vaccines to stimulate
immunity against MUC1 and perhaps other antigens
expressed in ovarian cancer. Much work would need to be
done, including prospective documentation of the precise
changes in cell-mediated and humoral responses to MUC1
associated with pregnancy, breast-feeding, mastitis, and other
events. Such studies may have implications beyond ovarian
cancer and apply to other cancers with high MUC1
expression including endometrial and breast cancer.
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Summary

Background Intrauterine device (IUD) use has been
shown to reduce the risk of endometrial cancer, but little is
known about its association with cervical cancer risk. We
assessed  whether IUD  use affects cervica human
papillomavirus (HPV) infection and the risk of developing
cervical cancer.

Methods We did a pooled analysis of individual data from
two large studies by the International Agency for Research
on Cancer and Ingtitut Catdla d Oncologia research
programme on HPV and cervical cancer; one study induded
data from ten case—control studies of cervical cancer done
in eight countries, and the other induded data from 16 HPV
prevalence surveys of women from the general population in
14 countries. 2205 women with cervical cancer and 2214
matched control women without cervical cancer were
induded from the case—control studies, and 15 272 healthy
women from the HPV surveys. Information on [UD use was
obtained by persona interview. HPV DNA was tested by
PCR-based assays. Odds ratios and 95% Cls were estimated
using multivariate unconditional logistic regression for the
associations between 1UD use, cervical HPV DNA, and
cervical cancer.

Findings After adjusting for relevant covariates, induding
cervicd HPV DNA and number of previous Papanicolaou
smears, a strong inverse association was found between ever
use of IUDs and cervical cancer (odds ratio 0.55, 95% CI
0.42-0.70; p<0.0001). A protective association was noted for
squamous-cell carcinoma (0.56, 0.43-0.72; p<0.0001),
adenocarcinoma and adenosguamous carcinoma (0.46, 0.22-
0.97; p=0.035), but not among HPV-positive women
(0.68,0.44-1.06; p=0.11). No association was found between
IUD use and detection of cervical HPV DNA among women
without cervical cancer.

Interpretation Our data suggest that [lUD use might act as
a protective cofactor in cervical carcinogenesis. Cellular
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immunity triggered by the device might be one of several
mechanisms that could explain our findings.

Funding Instituto de Salud Carlos I11; Agencia de Gestio
d’Ajuts Universitaris i Recerca; Marato TV3 Foundation;
Bill & Melinda Gates Foundation; International Agency for
Research on Cancer; European Community; Fondo de
Investigaciones  Sanitarias, Spain; Preventiefonds,
Netherlands;, Programa Interministerial de Investigacion y
Desarrollo, Spain; Conselho Nacional de Desenvolvimiento
Cientifico e Tecnologico, Brazil; and Department of
Reproductive Health & Research, WHO.

Introduction

Epidemiologica studies have consistently shown that
intrauterine device (IUD) use reduces the risk of endometrial
cancer.™ However, the question of whether IUDs might
also affect the risk of cervical cancer remains unanswered.
Clinical and epidemiologica studies done in severd
countries have reported inconsistent results,>*° and none of
these studies accounted for human papillomavirus (HPV)
status in their analyses. Since HPV is now firmly established
as the cause of cervical cancer, HPV should be considered
when exploring the potential effects of IlUD use on cervical
cancer risk, and the association between IU exposure and
cervica HPV infection should be assessed.

During the past 20 years, the International Agency for
Research on Cancer (IARC; Lyon, France), in collaboration
with the Institut Catala d’ Oncologia (ICO; Barcelona, Spain),
has done severa large epidemiologica studies on HPV and
cervical cancer in different countries. We analysed pooled
individual data from the IAR programme to explore the
potential effects of IUD use on the risk of cervica HPV
infection in healthy women, and on the risk of developing
cervica cancer.
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Methods
Patients

Women included in these analyses were recruited from two
large series by the IARC and ICO programmes on HPV and
cervical cancer: a series of HPV prevalence surveys, and a
series of case-control studies of HPV and cervical cancer.

Procedures

A series of population-based HPV prevalence surveys was
done by IARC in 15 areas in four continents between 1993
and 2007. Methods of population sampling have been
described previoudly for the individual areas: Hanoi and Ho
Chi Minh City, Vietnam; Lampang and Songkla, Thailand;
South Korea; Shanxi, Shenzhen, and Shenyang, Ching;
Mongolia; Mexico; Argentina; Colombia; Chile; Nigeria;
Spain; and Poland.”® Briefly, in each area an attempt was
made to obtain a random age-stratified sample of the
population that induded at least 100 women in each 5-year
age group, from 15-19 years to 65 years and older.
Participation ranged from 48% in Songkla, Thailand, to 96%
in Colombia.  Trained interviewers questioned study
participants face-to-face with a standardised questionnaire
that induded information on 1UD use and duration. Study
participants had a pelvic examination during which samples
of exfoliated cells from the cervix were obtained for cytology
and HPV testing. All participants gave written informed
consent according to the recommendations of IARC and the
local ethical review committees.

Tablel
Characteristics of Participantsincluded in IARC HPV
Surveys, by HPV Status

* * %

From 1985 to 1997, 13 case-control studies of cervica
cancer were done in 11 countries with a broad range in the
incidence of cervica cancer. Regions covered induded
Africa (Algeria, Morocco, and Mali), South America (Brazil,
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Paraguay, Peru, and Colombia), southeast Asia (India,
Thailand, and the Philippines), and Europe (Spain)2*?®
Studies from Brazil, Paraguay, and Mali were exduded from
the pooled analyses because they did not contribute
information on IUD use. Case patients were women with
incident, histologically confirmed, invasive squamous-cell
carcinoma, adenocarcinoma, or adenosquamous carcinoma
of the cervix. Control patients were hospital-based or clinic-
based and were frequency matched to case patients by 5-year
age groups, in al studies except in Colombia and Spain,
where random population-based controls were used for the
invasive cervical cancer cases. All study participants were
interviewed using a standardised questionnaire to elicit
information on potentia risk factors for cervical cancer,
including IUD use and duration. All women had a pelvic
examination and two cervical scrapes were obtained for
cytology and HPV-DNA detection. A tumour biopsy was
also taken from case patients and kept frozen. All protocols
were approved by IARC and local ethics committees. All
participants gave written informed consent.

The detailed protocol for detection of HPV DNA by PCR
in cervical specimens obtained in the case-control studies has
already been published.*? Briefly, L1 consensus primers
MY09-MY 11, as modified by Hildesheim and colleagues,®
were used in the Colombia and Spain studies, and GPS+/6+
genera primersin the remaining studies. PCR products were
assessed for HPV positivity using a cocktail of HPV-specific
probes and were further genotyped by hybridisation of the
PCR products with type-specific probes for 33 HPV
typ$.30,3l

For al HPV surveys, apart from the one in Mexico,
cervical cells were tested with general GPS+/6+ primer-
mediated PCR*® PCR products were tested using low-
stringency Southern blot anaysis of PCR products with a
cocktail probe of HPV-specific DNA fragments. Typing of
samples positive for HPV was done by enzyme



485a

immunoassay or reverse line-blot analysis of GPS+/6+ PCR
products using HPV type-specific oligoprobes for 36 HPV
types.*>*  The oligoprobe cocktail was extended to indude
HPV types 30, 32, 64, 67, 69, cand85, 86, and JC9710 in the
most recent HPV surveys done in Chile, Poland, Mongolia,
and China (Shanxi, Shenzhen, and Shenyang). HPV testing
and genotyping of samples collected in the Mexican HPV
survey was done as previously described,®* using
biotinylated MYQ09/11 consensus primers and a single-
hybridisation, reverse line-blot detection method.*®

Figurel
Adjusted oddsratios* for the association between 1UD
use and cervical HPV-DNA detection in IARC HPV
prevalence surveys.

* * %

Statistical analysis

Unconditional logistic regression models were used to
estimate odds ratios (ORs) and 95% Cls for associations
between 1UD use and both cervical HPV and cervical cancer.
We did three anayses. The main analysis explored the
association between [UD use and cervical cancer risk overall,
by country, histology, years of use, and categories of
reproductive and behavioura covariates possibly related to
cervica cancer risk. We aso estimated the association
between IUD use and cervicd HPV DNA among control
women enrolled in the case-control study. Finaly, we
explored the association between IUD use and cervical HPV
DNA among women enrolled in the HPV prevalence
surveys.

Unless otherwise specified, all logistic regression models
using the case-control data were adjusted by study area, age
in tertiles (18-42, 43-53, >54 years), years of schooling in
quartiles (0, 1-4, 5-9, >10), age at first sexual intercourse in
quartiles (>23, 20-22, 18-19, >17 years), number of previous
screening Pap smears the woman had until 12 months before
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enrolment in the study (0, 2-5, >6), and cervical HPV-DNA
status. Logistic regression models using data from the HPV
prevalence surveys were adjusted for study area, age group
(<24, 25-34, 35-44, 45-54, >55 years), years of schooling (0,
1-5, 6-10, >11), lifetime number of sexual partners (0-1, 2,
>3) and Pap history (number of Paps unless otherwise
specified: 0, 1, 2-4, .5). Heterogeneity in OR between study
areas was tested using the likelihood ratio test for interaction
between the study area and exposure of interest.

Statistical analyses were done with SAS version 9.2 and
the computing environment R, version 2.12.0. Graphs were
created using the plot.meta function of the R software.

Figure2
Adjusted oddsratios* for the association between 1UD
use and cervical cancer in IARC case-control studies.

* * %

Role of the funding sour ce

The funding institutions of the studies included in this
pooled analysis had no role in the design and conduct of the
study; in the collection, management, analysis, and
interpretation of the data; in the writing, review, and
approva of the manuscript; or in the decision to submit the
report for publication. The corresponding author had full
access to all the data and the final responsibility to submit for
publication.

Results

Table 1 summarises the main characteristics of participants
recruited from the IARC HPV prevaence surveys, according
to HPV status, and table 2 summarises characteristics of
participants recruited from the IARC case-control studies,
according to cervical cancer status.

The original series of HPV prevalence surveys induded 13
924 HPV-negative and 2556 HPV-positive women from 16
studies, of whom 745 (5.4%) and 463 (18.1%), respectively,
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were exduded because of missing information on 1UD use.
A total of 13 179 HPV-negative and 2093 HPV-positive
women were induded in the final pooled analysis. Compared
with HPV-negative women, women who tested positive for
HPV were younger, had a lower educational level, fewer
pregnancies, fewer screening Pap smears, more sexud
partners, more exposure to cigarette smoking, and an earlier
age at sexua debut. Overadl, 4.7% (721 of 15 272) of the
recruited women had an abnormal result in the cytologica
sample obtained for the study, ranging from 0.7% (seven of
994) in Hanoi, Vietnam, to 13.1% (127 of 969) in Mongolia
(data not shown).

Figure3
Adjusted oddsratios* for the association between 1UD
use and cervical cancer, by yearsof usein |ARC case-
control studies.

* * %

The origina series of case-control studies included 2905
cases and 2906 controls from 11 studies. Women from
Brazil, Mali, and Paraguay were excluded because they did
not contribute information on 1UD use, leaving 2508 cases
and 2483 controls. A total of 2205 cases with cervical cancer
and 2214 control women with information on IUD use were
included in the final pooled analysis.

Figure4
Adjusted oddsratios* for the association between |UD
use and cervical cancer, by strata of selected variablesin
| ARC case-control studies

* * %

The percentage of women with unknown 1UD use status
was similar between cases and controls (12.1% [303 of 2508]
vs 10.8% [269 of 2483]). By contrast, the percentage of
women with unknown 1UD use was somewhat higher among
HPV-positive than among HPV-negative women (14.4%
[301 of 2094] vs 9.7% [182 of 1882]), athough the
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corresponding 95% Cls greatly overlapped (webappendix p
2). Women with cervical cancer were more likely than
control women to be single, divorced, or widowed, to have a
lower educational level, more pregnancies, higher number of
lifetime sexual partners, fewer screening Pap smears, and a
younger age of sexual debut.

The potential effect of IUD use on cervical HPV infection
was assessed in two groups. among control women recruited
in the case-control studies and among women recruited in the
HPV prevaence surveys. No association was found between
IUD use and cervica HPV-DNA detection among control
women in the case-control studies (OR 0.95, 95% CI 0.64-
1.39); webappendix p 4 shows the ORs by country and years
of IUD use. Further analyses stratified by potential risk
factors and cofactors did not show any relevant associations
across subgroups of age, education, menopausa status,
number of sexual partners, number of pregnancies, use of
hormonal oral contraception, and number of previous
screening Pap smears within 12 months before study
enrolment (data not shown).

Figure 1 shows the ORs for the association between 1UD
use and cervicd HPV-DNA detection in the IARC HPV
prevalence surveys, overal, and by study area and years of
use. Although there is some significant heterogeneity
between studies, none of the 16 surveys yielded a significant
association between IUD use and cervical HPV. The overall
combined adjusted OR was very dose to unity and not
significant (OR 0.96, 95% CI 0.85-1.08; p=0.47). As shown
in figure 1, years of IUD use was not associated with risk of
cervicd HPV. Further analyses dtratified by selected
characteristics did not show any significant associations in
any of the subgroups explored (data not shown).

The potential effect of IUD use on cervical cancer risk was
assessed in women enrolled in the case-control studies.
Figure 2 shows data on 1UD prevalence and ORs for cervica
cancer overal, by country, and by cancer histology. The
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combined prevalence of 1UD use was 13.0% among women
with cervical cancer and 22.5% among control women.
Inverse associations between IUD use and cervical cancer
risk were found for all study areas except Morocco. Inverse
associations were dearly or borderline significant, apart from
in Thailand, the Philippines, and India. After adjusting for
relevant covariates, a strong and significant inverse
association was found between ever use of an IUD and
cervical cancer risk for al cervical cancers combined (OR
0.55, 95% CI 0.42-0.70; p<0.0001), and for each of the two
histologica groups. sguamous-cell carcinoma (OR 0.56,
0.43-0.72; p<0.0001) and combined adenocarcinoma and
adenosquamous carcinomas (OR 0.46, 0.22-0.97; p=0.035;
figure 2). These estimates were not substantialy altered
when adjusting for finer age categories (ie, 18-24,35-42, 43-
53, z54 years) instead of tertiles (data not sown).

Figure 3 shows the relationship between years of 1UD use
and cervical cancer. Compared with never users, the risk
was reduced nearly by half in the first year of use (OR 0.53,
95% CI 0.27-1.02) and was maintained with longer durations
of use. Theformal test for linear trend with years of use was
not significant (p=0.69).

To address further the potential effect of residual
confounding we did a stratified analysis to assess the
association between IUD use and cervical cancer risk within
subcategories of selected covariates known to be potential
confounders or cofactors in cervical carcinogenesis. These
stratified analyses showed a consistent inverse association
between cervical cancer and IUD use within each category of
age, education, marital status, number of screening Paps,
number of sexua partners, parity (except in nulliparous
women), among premenopausal (but not postmenopausal)
women, and in HPV-positive women (figure 4). The ORsin
the younger age categories were 0.16 (95% CI 0.02-1.12) and
0.51 (0.51-0.37) for the 18-24 and 25-42 years age groups,
respectively. The OR among HPV-negative women (0.44;
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0.26-0.74) was similar to that among HPV-positive women
(0.68; 0.44-1.06) and to that among women with unknown
HPV status (0.46; 0.30-0.69). An inverse association was
also seen among ever users (0.62, 0.39-0.98) and never users
of oral contraceptives (0.50; 0.29-0.84), and among short-
term (<2 years) users (0.79, 0.29-2.16) and long-term (<10
years) users of oral contraceptives (0.23, 0.09-0.62;
webappendix table 2). The percentage of oral contraceptive
users was somewhat higher among IUD users than in non-
users, in cases (71.0% [191 of 269] vs 50.6% [736 of 1455],
respectively) and in controls (66.4% [303 of 456] vs 49.8%
[629 of 1262], respectively; webappendix p 3). Finaly,
condom use did not modify the inverse association found
between 1UD use and cervical cancer risk, among women
who never or rarely used condoms (0.59, 0.44-0.79), and
among women who regularly or always used condoms (0.55,
0.29-1.05; p for interaction 0.76).
Discussion

Severa studies show that contraceptive methods such as
ora contraceptives and condom use can affect the risk of
cervicd cancer®® and cervicad HPV infection,®
respectively. Use of contraceptive IUDs has consistently
been shown to reduce the risk of endometrial cancer;”
however, little is known about the potential effects of 1UD
use on the risk of developing cervical cancer or cervical HPV
infection. To our knowledge, this is the first large
epidemiological study, with almost 20000 women induded,
to explore such potential associations taking into account
cervica HPV status and Pap screening history.

We found a strong and consistent inverse association
between IUD use and cervical cancer risk; women who
reported previous 1UD use had haf the risk of developing
cervica cancer compared with women with no history of
IUD use. An inverse association was detected for the two
major cervica cancer histological types, sguamous-cell
carcinoma and adenocarcinoma or adenosquamous
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carcinoma, as well as in most of the subgroups explored,
although many were not significant. The lack of association
among postmenopausal women is puzzling, but might be due
to the fact that IUD exposure history was low: less than 10%
of postmenopausal women reported having ever used an
IUD. They were also substantially older and with a lower
parity than the premenopausal women (data not shown).

The inverse association between |IUD use and cervical
cancer risk was not significantly affected by duration of use:
an association was found within 1 year of use and it
remained significant even after 10 years of use, but did not
significantly increase or wane with increasing years of use.
By contrast, neither the analysis among the 2214 control
women from the case—control studies nor among the 15 272
women recruited in the international HPV surveys identified
an association between IUD status or years of use and
cervica HPV infection, as assessed by PCR methods. The
lack of association between IUD use and cervical HPV was
generally consistent across studies and among the covariates
explored (data not shown).

Although the hypothesis that IUD use might promote
cervical cancer has been considered since the introduction of
these devices in 1930s, studies are inconclusive. A large
multicentre case—control study in the USA found a non-
significant reduced risk of cervical cancer associated with
copper IUD use (adjusted OR 0.6, 95% CI 0.3-1.2), but
almost no effect was found for the inert IUD (1.1; 0.9-1.7).
Decreased risk with increased duration of copper IUD use
supported a possible protective effect for copper IUDs on
development of invasive cervical cancer.” By contrast, a
2007 review that included four case—control studies did not
find an association between IUD use and cervical cancer
risk.?

Overdl, the associations found in our study strongly
suggest that IUD use does not modify the likelihood of
prevalent HPV infection, but might affect the likelihood of
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HPV progression to cervical cancer. Thus, IUD use could
possibly be regarded as a protective cofactor in cervical
carcinogenesis. One of the mechanisms by which [UDs
might exert this protective effect is through the induction of a
reactive, chronic, low-grade, sterile inflammatory response in
the endometrium, endocervical canal, and cervix that could
modify, via changes in the local mucosal immune status, the
course of HPV infections. Microscopic observation of
typical cellular changes in the cervices of 1UD users support
this theory? It is possible that these IUD-related subjacent
mechanisms induce an immune deviation with a Thl type of
biased immune response, which might affect IUD users’ risk
of HPV persistence, progression to cervical cancer, or both.
Also, for hormonal 1UDs, release of progestins or
progesterone into the uterus might affect the natural history
of HPV infection. Unfortunately, information on 1UD type
was not obtained in any of the studies, preduding our
assessment of the effect of copper IUDs and hormone-
releasing IUDs on cervical cancer risk or cervicad HPV
DNA.

Alternatively, it can be postulated that the local trauma to
the cervical tissue associated with insertion or removal of the
device induces local small foci of chronic inflammation and
a long lasting immune response similar to that noted in
patients after colposcopically guided punch biopsies. This
aternative hypothesis would explain better the immediate
protective effect found for short-term users, and the
observation that there was no difference in the protective
effect by years of lUD use.

Another possible explanation for the protective effect of
IUDs against cervical cancer is elimination of preinvasive
cervica lesions when the device isinserted or removed. This
hypothesis would help explain the lack of effect with
duration of IUD use. More importantly, removal of
preinvasive cervica lesions is compatible with some of our
subgroup findings—ie, the strongest protective effect was in
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women 37-45 years, among whom preinvasive cervica
lesons might have aready accumulated in inadequately
screened populations but not yet progressed to invasive
cancer. These possible mechanisms are speculative and
provocative, but emphasise our limited knowledge and the
need for other study designs to explore the underlying
mechanisms by which 1UDs might exert a protective effect
on cervical cancer risk.

We aso attempted to assess whether the protective effect
on cervical cancer risk was driven by reduced persistent
infection, as opposed to reduced progression to cervical
intragpithelial neoplasia. We assumed that, by contrast with
younger women, a substantial proportion of HPV infections
detected in older women were more likely to be persistent
rather than transient. 1f 1UDs reduce the persistence of HPV,
we should find a larger inverse association in older than in
younger women. However, our analysis showed that the OR
for association between 1UD use and cervical HPV infection
was exactly the same in women younger (OR 0.99, 95% CI 0
83-1.19) and older (OR 0.95, 0.81-1.11) than 35 years.

An important challenge in interpreting these results is to
assess the possible effect of screening bias, induced by IUD
use, on explaining the inverse association with cervical
cancer risk. Insertion, follow-up, and remova of IUDs are
often done in adult, parous women. In developed countries,
these procedures involve severa visits to the gynaecologist,
providing many opportunities for these women to be directly
diagnosed or screened for cervical cancer, through visual
identification or repeated cervical cytology. Therefore, the
reduced risk of cervical cancer seen in I[UD users might not
be due to the biological effect of the device, but rather to the
higher likelihood of more intensive cervical screening or
diagnosis in these women compared with non-users. To
address whether 1UD-induced screening bias had a
confounding effect on the observed results, we estimated
associations by specific strata of number of previous Pap
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smears women had until 12 months before diagnosis or study
entry. As shown in figure 4, an inverse association was
consistent among women who never had a screening Pap
smear (OR 0.62), and those who had one (OR 0.64), two to
five (OR 0.45), and six or more Pap smears (OR 0.48).
Thus, history of previous Pap smears did not significantly
affect the observed inverse association between |UD use and
risk of cervica cancer. Furthermore, since most of the
populations included in these analyses are from developing
areas of the world, where screening is opportunistic and has
little effect in preventing cervical cancer, it is unlikely that
screening bias would explain the observed inverse
associ ation.

Finally, information bias regarding self-reporting of 1UD
use and other covariates might also have had a confounding
role in the observed associations. This biasis inherent to all
epidemiological studies that rely on data collected through a
guestionnaire or interview. However, since the hypothesis
that IUD use might affect HPV infection or cervical cancer
risk was unknown to all study participants, it is unlikely that
IUD-use misclassification was differential with regard to
case—control status or HPV status, the latter being
impossible because HPV status was unknown to the
participants and interviewers. It iswell established that non-
differential misclassification of the exposure of interest (ie,
IUD use) can attenuate the real OR, but it can never
artificially increase it. Thus, the most likely effect of this
potential bias on our study would be an underestimation of
the true underlying effect.

In conclusion, our data suggest that use of IUDs
substantially reduces the risk of cervical cancer and that this
effect does not seem to be due to differences in screening
histories between users and non-users. By contrast, IUD use
is not associated with risk of cervica HPV infection,
suggesting that the presence of the device does not affect
HPV acquisition and detection in the exfoliated cells of the
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cervix.  We postulated that repeated microtrauma and
subsequent chronic mucosal inflammation processes induced
by the device might be the underlying mechanism through
which 1UDs can reduce the risk of cervical HPV progression,
consequently reducing the risk of cervica cancer.
Alternatively, even though our stratified analyses do not
support this possibility, we cannot totally rule out the
potential effects of residual confounding, and screening and
diagnosis bias. In view of the wide use of IlUDs worldwide,
women, gynaecologists, and reproductive-health
professionals can be reassured that IUDs do not seem to
increase the risk of cervica HPV infection; and our study
contributes solid evidence that IUD use might even reduce
the risk of developing cervical cancer.
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Abstract

Background: The Affordable Care Act requires most
private health plans to cover contraceptive methods, services
and counseling, without any out-of-pocket costs to patients;
that requirement took effect for millions of Americans in
January 2013.

Study design: Data for this study come from a subset of
the 1842 women aged 18-39 years who responded to all four
waves of a national longitudinal survey. This anaysis
focuses on the 892 women who had private health insurance
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and who used a prescription contraceptive method during any
of the four study periods. Women were asked about the
amount they paid out of pocket in an average month for their
method of choice.

Results: Between fall 2012 and spring 2014, the proportion
of privately insured women paying zero dollars out of pocket
for oral contraceptives increased substantially, from 15% to
67%. Similar changes occurred among privately insured
women using injectable contraception, the vagina ring and
the intrauterine device.

Conclusions: The implementation of the federa
contraceptive coverage requirement appears to have had a
notable impact on the out-of-pocket costs paid by privately
insured women, and that impact has increased over time.

Implications: This study measures the out-of-pocket costs
for women with private insurance prior to the federa
contraceptive coverage requirement and after it took effect;
in doing so, it highlights areas of progress in eliminating
these costs.

Keywords: Contraception; Ora contraceptive pills;
Insurance; Health reform; Out-of-pocket costs

1. Introduction

One high-profile provision of the Affordable Care Act isa
requirement that private health plans cover contraceptive
methods, services and counseling for women, without any
copayments, deductibles or other patient out-of-pocket costs
[1]. This federal contraceptive coverage guarantee part of a
broader provision requiring coverage without cost sharing
for dozens of recommended preventive care services was
phased in starting in August 2012 and began affecting health
plans widely in January 2013.

Even before that requirement took effect, coverage of a
wide range of contraceptive methods was standard in U.S.
private health plans [2]. Where the federal requirement broke
new ground, at least for private health plans, was in its
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prohibition on patient cost sharing. That change brought with
it the potential to eliminate cost as a reason for choosing one
method of contraception over another, a change that could be
particularly important for low-income women and women
considering methods with substantial upfront costs.

This report provides new, national-level data about the
reach and impact of the contraceptive coverage requirement.
It utilizes information collected from alongitudinal survey of
women, comparing women's responses in fall 2012, before
the contraceptive coverage requirement would have taken
effect for most women, with their responses to three
subsequent rounds of the survey (at 6-month intervals) that
were fielded after the requirement was implemented for
millions.

An earlier analysis, using just the first two waves of this
survey (fall 2012 and spring 2013), was published in
December 2013 and found substantial increases in the
proportions of privately insured women paying zero dollars
out of pocket for oral contraceptives and the vagina ring
over just the first few months of the federal guarantee [3]. An
April 2014 report from the IMS Institute for Healthcare
Informatics found similar trends and estimated that women
saved nearly half a billion dollars in out-of-pocket costs for
contraception in 2013 in the wake of the guarantee [4]. Our
report provides more up-to-date information to bolster this
body of knowledge.

2. Materialsand Methods

Data for this analysis come from al four waves of the
Guttmacher Institute’'s Continuity and Change in Contra-
ceptive Use Study, which surveyed women about their
contraceptive use repeatedly over an 18-month time period.
This analysis is based on the methodology used for the
Guttmacher Institute’s first analysis described above [3].
More details on the methodology can be found in that article,
but we provide a brief description below.
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The survey was administered online to a national sample of
women aged 18-39 years. It was administered by the market
research firm GfK using their KnowledgePanel, a nationa
household panel recruited using a probability-based
methodol ogy.

The survey was conducted over 3-week periods in fall
2012, spring 2013, fall 2013 and spring 2014. Of the 4634
women who participated in the basdine study, 3207
participated at Wave 2, 2398 participated at Wave 3 and
1842 participated at Wave 4, resulting in between-survey
response rates of 69%, 75% and 77%, respectively. The
sample for the current analysis was limited to women who
participated in al four waves of the study or 40% of the
baseline sample. The sample used for this analysis was
further limited to women who had private health insurance
and used a prescription contraceptive method during any of
the four study periods (892 women).

In this analysis, we focused on survey questions about out-
of-pocket payments for contraception among women who
used hormona methods in the last 30 days or obtained an
intrauterine device (IUD) between surveys. We examined the
percentage of women who reported paying nothing, as well
as the mean and median amounts that women paid for the
pill; the number of women paying for methods other than the
pill wastoo small for an analysis of means and medians.

Women who reported that they used the pill, injectable or
vagina ring during the last 30 days were asked how much
they paid for the method out of pocket each month. We
assessed change over time in cross-tabulations using Rao-
Scott—corrected ¥ tests in order to include as many women
as possible in all analyses while also taking into account the
clustering of data within individuals. Our focus is change
over time, and y° statistics allow us to assess differences
across all waves at once rather than whether specific waves
are statistically different from each other. Our analysis is
based on a total of 1916 observations of pill use, 107
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observations of injectable use and 151 observations of ring
use as reported by 892 women; some women contributed up
to four observations per method, while others only
contributed one.

IUD users were only asked about cost the first time they
reported use of the method. Because we captured relatively
few new 1UD users covered by private health insurance in
waves two through four (n=45), we used t tests to assess for
differences between the proportions who paid nothing for the
method at Wave 1 compared to the users at Waves 2, 3 and 4
grouped together. Our analysis is based on 165 IUD users.
We did not ask about type of IUD — copper vs. hormonal —
and both are grouped together.

The number of users of the patch and implant were too
small to be reliable; thus, those methods were excluded from
this analysis. Analyses were performed using Stata 13. All
findings presented were statisticaly significant at the p<.05
level.

3. Reaults

Among women who reported using the pill and having
private health insurance, the proportion who did not pay
anything out of pocket increased from 15% to 67% between
Waves 1 and 4 (Fig. 1). The most substantial increase
occurred between Wave 1 and Wave 2 (from 15% to 44%?),
but there was a continuing upward trend over the 18-month
time period.

! The previously published article in Contraception reported that 40%
of pill users paid nothing out of pocket during Wave 2. The differenceis
because the prior study restricted analyses to women who were privately
insured and using the pill at both points in time, while the current study
incorporated women who may have experienced changes in insurance
coverage or method use. Moreover, respondents included in the earlier
analyses who failed to participate in subsequent waves are excluded from
the current study.
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We conducted a sensitivity analysis that examined changes
in out-of-pocket costs when the sample was restricted to
women who were privately insured and using the pill during
al four waves (n=308, obs=1227). The proportions paying
US$0 were virtually the same, 15%, 45%, 57% and 69%
(p<.001), respectively (data not shown). In addition, we also
examined these changes when the sample was restricted to
women who were privately insured and using the pill at both
Waves 1 and 4 (n=350). The proportions paying US$0 were
16% and 69%, and a paired t test indicated that the difference
was significant at p<.001 (data not shown). Both analyses
confirmed the patterns found in analyses using al available
observations.

Similar increases in the proportion paying zero dollars out
of pocket were observed for injectable contraception users
and vagina ring users with private insurance. For injectable
users, the proportion increased from 27% to 59% between
Wave 1 and Wave 4. For ring users, it increased from 20% to
74% over the same time period.

Among IUD users with private health insurance at Wave 1,
45% indicated that they paid nothing for the method. This
increased to 62% among new users in al three subsequent
waves combined (data not shown).

Fig. 1
Per cent of privately insured women who paid US$0 out of
pocket for their method

* % %

Fig. 2
M ean and median out-of-pocket costsfor privately insured
women using the pill

* k% %

Among privately insured women using the pill, the Wave 1
mean out-of-pocket payment was US$14.35 and the median
was US$10; by Wave 4, this had declined to US $6.48 and
USS0, respectively (Fig. 2).
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3.1. Limitations

This study is subject to some limitations. Although our
response rates were comparable to those of other studies
using online administration, only 40% of the baseline sample
paticipated in al four waves of the study, which
compromises the representativeness of the data. The findings
might be further biased if our respondents differed from the
national population in ways that correlate with contraceptive
use. Nonetheless, the data are still useful because they serve
as one of the only sources of information about trends in
contraceptive copays among the same group of women over
time.

Despite the abovementioned concerns, it is reassuring that
the findings here are similar to prior published research: The
mean (US$14.35) and median (US$10) out-of-pocket
payments for the pill in Wave 1 of our study are almost
identical with the mean (US$15.13) and median (US$10)
out-of-pocket payments from another nationally representa
tive study carried out before the new federal policy took
effect [5].

Some 45% of baseline IUD users reported that they had
paid US$0 for the method, a higher proportion than reported
paying US$0 for the pill, the ring or the injectable at Wave 1.
Prior to the contraceptive coverage guarantee, many women
had to pay severa hundred dollars out of pocket for the IUD.
One potentia interpretation of the pattern in our data is that
many women unable to obtain the method at no cost were
unableto afford it at al. That is, prior to coverage guarantee,
women may have opted to pay a relatively modest
copayment each month for the pill rather than come up with
several hundred dollars to cover out-of-pocket costs for the
lUD.

4. Discussion

The findings of this study suggest that the federa
contraceptive coverage guarantee has had a substantia
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impact in eliminating out-of-pocket costs among privately
insured women using some methods of contraception
including oral contraceptives, the most popular reversible
method in the United States. Between fal 2012 and spring
2014, the proportion of pill users paying zero dollars out of
pocket increased from 15% to 67%, with ssimilar trends for
injectable, ring and IUD users.

Further progress may still be expected as more private
health plans become subject to the requirement. Notably,
existing plans are grandfathered exempt from the
requirement so long as they make no significant negative
changes, such as benefit reductions or cost sharing increases.
That status is designed to be temporary to allow for a
smoother transition to new federal rules, and the number of
people enrolled in grandfathered plans has been declining
rapidly, from 48% of covered workers in 2012 to 36% in
2013 and 26% in 2014 [6].

However, the proportion of women paying zero dollars will
never reach 100%, for several reasons:

e Federal guidance allows insurers to charge copaymentsin
limited situations, such as when a woman chooses a
brand-name drug with a generic equivalent or when a
woman recelves services from an out-of-network
provider [7].

e Federal regulations exempt some employer-sponsored
health plans sponsored by houses of worship from the
contraceptive coverage requirement on religious grounds,
[8] and the U.S. Supreme Court’s June 2014 decision in
Burwell v. Hobby Lobby has extended that to certain
closely held for-profit employers.

In addition, several other problems may result in women
paying out of pocket for contraceptive methods despite the
federal guarantee:

e There is evidence that some private health plans are not
adequately complying with what the law clearly requires
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coverage of “the full range” of contraceptive methods
approved by the Food and Drug Administration when
prescribed for a woman and are instead denying
coverage, requiring cost sharing or otherwise restricting
access to specific methods [9].

e Other religioudly affiliated nonprofits have been offered
an accommodation under which they are supposed to be
absolved from involvement in covering contraception,
but their employees and family members must still
receive that coverage through the insurance company [8].
However, there are serious questions, and a complete
dearth of information, about whether and how plans are
complying.

Despite these gaps in the reach of the federal guarantee, the
findings of this study bode well for the health and well-being
of women, couples and families. Government bodies and
private-sector experts have long recognized contraceptive
services as a vital and effective component of preventive
health care, and an extensive body of research shows that
contraceptive use helps women avoid unintended pregnancy
and improve birth spacing, resulting in substantial health,
socia and economic benefits [10-12]. By guaranteeing that
women have coverage for a wide range of contraceptive
choices without cost sharing, the federal requirement may
help them overcome financial barriers to choosing a
contraceptive method they will be able to use consistently
and effectively, thus increasing their likelihood of avoiding
unplanned pregnancies.
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Abstract

Background: The Affordable Care Act (ACA) requires that
privately insured women can obtain contraceptive services and
supplies without cost sharing. This may substantially affect women
who prefer an intrauterine device (IUD), a long-acting reversible
contraceptive, because of high upfront costs that they would
otherwise face. However, imperfect enforcement of and exceptions
to this provision could limit its effect. Study design: We analyzed
administrative data for 417,221 women whaose physicians queried
their insurance plans from January 2012 to March 2014 to
determine whether each woman had insurance coverage for a
hormonal 1UD and the extent of that coverage.

Results: In January 2012, 58% of women would have incurred
out-of -pocket costs for an IUD, compared to only 13% of women
in March 2014. Differentials by age and region virtualy dissolved
over the period studied, which suggests that the ACA reduced
inequality among insured women.
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Conclusions. Our findings suggest that the cost of hormonal
IUDs fell to US$0 for most insured women following the
implementation of the ACA.

Implications: Financial barriers to one of the most effective
methods of contraception fell substantialy following the ACA. If
more women interested in this method can access it, this may
contribute to a decline in unintended pregnancies in the United
States.

© 2016 The Authors. Published by Elsevier Inc. Thisis an open
access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords. Contraception; Healthcare reform; Out-of-pocket
costs; |lUD; LARC; Insurance

1. Introduction

In the United States, 43 million women are at risk of
unintended pregnancy, and 39 million of them (90%) use
contraception [1,2]. Some 30 million (78% of contraceptors)
use a method more effective than condoms, and 4 million
(10%) use an intrauterine device (IUD), while fewer than a
half million use another long-acting reversible method [1,3].
Fewer than 1% of women who use IUDs will become
pregnant within a year, in contrast to 18% of women who use
condoms to prevent pregnancy, and 9% of women who use
the pill [4].

Women who would otherwise prefer the [UD face barriers
that can lead them to use less effective contraceptives, these
include high upfront costs that can exceed a thousand dollars
[5-11]. Greater uptake of the IUD and the implant preceded
fewer births in Colorado and fewer abortions in lowa, and in
St. Louis, teenagers provided these methods at no-cost
exhibited rates of pregnancy, birth and abortion far lower
than the national average [8,12,13].

Insurance mandates may help women to access the
contraceptive of their choice. In 1993, 32% of insurers
covered the IUD [14]. By 2002, in part because insurance
mandates came into effect in many states, this increased to
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94% [14]. However, when an insurance company covers a
contraceptive, a woman may still incur costs for example,
women may incur copayments for the prescription and visits
to adoctor’s office or clinic.

A provision of the Affordable Care Act (ACA) requires
that patients do not face out-of-pocket costs for contraceptive
services and supplies at in-network providers. This provision
matters particularly in the context of the high upfront costs of
an IUD. This ACA mandate phased in starting in August
2012, and it took effect for many health insurance plans in
January 2013. This may improve the ability of millions of
women to afford safe and effective contraception [15].

The ACA can affect insurers exempt from state mandates,
whereas states lacked authority over self-funded employer
plans. However, other exceptions may limit the effect of the
ACA’s contraceptive coverage mandate. These include
grandfathered insurance plans and the contraceptive
exclusion. Grandfathered plans are those that came into being
no later than March 2010 and have not seen substantial
benefit changes since then [16]. The contraceptive exclusion
exempts certain religious employers from the ACA’s
contraceptive coverage provision. As such, even if insurance
companies adhere perfectly to the law, some women covered
by private insurance may still have to pay the full cost of the
IUD and other contraceptives.

Women interested in an IUD may face a higher financial
burden if their insurance plan requires out-of-pocket costs. In
addition to the cost of the device itself and theinitial doctor’s
visit, women may also face costs to insert and remove their
IUD [5-7,10,17]. In 2002, a year after the hormonal 1UD
came on the market (complementing the nonhormonal copper
IUD, which had been available in the United States since
1988), 94% of insurers covered IUDs, but cost sharing
continued to make the 1UD unaffordable for many women
interested in it [8,9,14].
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To understand the impact of the ACA’s contraceptive
coverage provision on IUD cost sharing, we would need to
know what costs women faced before and after the ACA.
Unfortunately, the extant literature on IUD cost sharing after
the ACA went into effect is limited. One analysis estimated
that full coverage increased from 45% to 62% after the ACA,
based on data from 165 privately insured women [18]. Data
from the National Survey of Family Growth (NSFG), the
best avalable representative survey of women’'s
contraceptive behavior, do not indicate when women
obtained their IlUDs or how much they paid. Even if the
NSFG asked women how much they paid, this information
would not provide us the percentage of women seeking an
IUD who faced out-of-pocket costs. if cost inhibits 1UD
uptake, the extant data will under-represent women with
higher costs [8-10]. All surveys that measure cost based on
women who obtained IUDs share this limitation, as do claims
data. Finally, none of these surveys address the effect of the
contraceptive exclusion, which exempts certain religious
employers from providing full coverage.

To help address these limitations, we analyzed data on
insurance inquiries; these show what an insured woman
would have paid if she had chosen to obtain an 1UD, between
January 2012 and March 2014, a period covering the
introduction of the ACA’s contraceptive coverage provision
and itsinitial implementation for many plans.

2. Materials and methods
2.1. Data

Bayer HealthCare, the manufacturer of the Mirena® and
Skyla® IUDs, used by some 3 of 4 million American IUD
users [3] offers a voluntary “benefit inquiry” service to
healthcare providers to determine the type and extent of a
patient’s insurance coverage for an IUD and whether the
patient’s insurance company requires cost sharing. Bayer
utilizes an outside benefits-verification contractor and does
not obtain the data directly. Within a few days after a



516a

healthcare provider’s inquiry, typewritten reports with a
narrative summary of coverage are faxed by the contractor to
healthcare providers, and details of each benefit inquiry are
recorded in the contractor’s database'. Though healthcare
providers can pursue this information independently, they
may elect to use this free service to reduce their
administrative casel oad.

The dataset we obtained contained 444,316 women whose
physicians inquired about a Mirena or Skyla IUD between
January 2012 and March 2014. Of these, we excluded 27,095
women from the analysis because they were minors (4,577,
in order to focus on adults who were likely to have their own
insurance), they had no insurance (11,363)2, a woman's
insurer would not reveal benefit information to a third party
(10,382), women or their heathcare providers did not
completely fill out the form (763), or the healthcare provider
canceled the inquiry (10). The resulting number of cases we
analyzed was 417,221.

The analysis period includes time both before and after the
ACA'’s key provision regarding contraceptive coverage took
effect, which alowed us to study its impact. We
hypothesized that there would be a sharp decline in the
percentage of women subject to cost sharing in the first
guarter of 2013, since patients with existing coverage
typically sign up for new plans or renew their insurance at
the beginning of a calendar year, and January 2013 was the
first new year after the implementation of the ACA’s
contraceptive coverage provision.

! The data record whether patients were subject to cost sharing, and if
so, what the copayment or coinsurance rate was and not what providers
charge.

2 This could arise if, for example, awoman’s coverage is not yet active
or is no longer active, but the data do not record this. Because our goal
was an analysis of insured women's IUD benefits, we excluded these
women.
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2.2. Methods

We analyzed changes between January 2012 and March
2014 in the percentage of women who would have had out-
of-pocket costs for a hormonal I1UD. The ACA’s
contraceptive coverage provision came into effect in August
2012, but did not affect most women until January 2013, as
most employer-based insurance plans are typically renewed
on January 1.

For 2013 onward (n=231,086), we assessed how these
results were affected when taking into account two additional
factors that affect cost sharing: copayment for insertion and
cost sharing owing to a deductible (data not available in
2012). This may affect our results as, for example, women
whose insurers covered the cost of the device might not have
interpreted the ACA mandate to apply to services as well as
supplies.

We estimated trends for al women by month in whether a
woman’s insurance coverage required cost sharing. We also
estimated trends by quarter for age and region subgroups to
examine inequality in coverage before, and after, the ACA
came into effect.

In an analysis of a very large dataset, trivial fluctuations
can reach statistical significance. It is therefore inappropriate
to compare p-values, as, for example, a trivia decline of
0.01%, which might only reflect random fluctuations, may be
described as “datistically” significant [19]. Therefore, we
highlight the substantive size of change over time’.

In order to understand how much women who still have
costs would be required to pay, we also computed cost
estimates at the median and 90th percentiles. A woman'’s out-
of-pocket cost is the sum of a fixed copayment and the
product of the IUD’s price and her coinsurance rate.

% Results of logistic regressions, which compare each month to January
2013 or each quarter to the first quarter of 2013, are available from the
authors upon request.
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Unfortunately, we do not know the price that a healthcare
provider would charge a patient for the IUD. Therefore, for
the 13% of women subject to coinsurance, we multiplied
their coinsurance rate by the most recent published estimates
for Mirena’'s wholesale price, US$844 [7]. This strategy
understates the actual cost because patients may also be
required to pay for an initial visit to their healthcare provider
and for the device' s insertion.

Finally, the dataset indicates whether a woman’s coverage
was subject to the contraceptive exclusion for religious
employers, and we use this to estimate the percentage of
women without coverage who would have had coverage if
not for this exclusion.

2.3. Sensitivity analyses

Of the women in our data, 50,804 have multiple insurers.
We do not know their insurers names or why they have
duplicative coverage. We suspect, for example, that some
may have private insurance from their employer, as well as
secondary insurance from Medicaid or their spouse’'s
employer. In our main analysis, we assumed that women
with multiple insurers can choose which insurer to use. They
may not have this choice, however’. Therefore, we performed
a sengitivity analysis in which we assume that a woman with
duplicative coverage must use whichever insurer offers the
worst coverage.

Fig. 1.
Per centage of women who would have had out-of-pocket costs
for a hormonal IUD, by month. Note: Thelighter line beginsin

* We speculate, for example, that awoman’s employer’s insurance may
be her primary insurer in some cases, and she may also have insurance
from her spouse’s employer; she may have to use her employer’s insurer
even if her spouse's insurer offers a lower copay. Alternatively, a
woman’'s primary insurer may cover the IUD but may reguire a
copayment; if she has Medicaid, then, Medicaid should cover the
copayment.
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January 2013 because the 2012 data do not contain insertion
copayments and deductible applicability.

* k% %

3. Reaults

The black linein Fig. 1 shows the decreasing percentage of
women who faced out-of-pocket costs for a hormonal 1UD
(and at least some cost for its insertion) over the 27 months
between January 2012 and March 2014. In January 2012,
out-of -pocket costs were required of 58% of insured patients;
by March 2014, this number dropped to 13%. The percentage
of women who faced out-of-pocket costs did not decrease
during the first haf of 2012; we first observe decreases
toward the end of 2012, asthe ACA’s contraceptive coverage
requirement first took effect for patients signing up for new
health plans. Coverage increased substantially at the end of
2012, when many patients annual plans were renewed and
the ACA took effect for those without grandfathered plans;
the percent with out-of-pocket costs declined 3 percentage
points in December 2012, from 52% to 49%, and 21 pointsin
January 2013, from 49% to 28%. Over the next 15 months,
from February 2013 through March 2014, the percentage of
women who faced out-of-pocket costs fell to 13%, or by 1
percentage point per month.

We anadlyzed whether a woman's insurer required a
copayment for the device's insertion or otherwise required
cost sharing due to a deductible from 2013 onwards (as these
data were not available for 2012). The results did not
substantively differ from the trend described above for full
coverage. The gray linein Fig. 1 shows that 16% rather than
13% of women faced out-of-pocket costs for both the device
and itsinsertion. These estimates of change over time may be
conservative, however, as the percentage of women with
insurers who required them to share in the cost of the
device's insertion might have been higher in 2012 than in
2013.
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Figs. 2 and 3 show trends in IUD coverage by age and
region, respectively. Before the implementation of the ACA
provision, young and Northeastern women experienced
higher levels of coverage than other women; after
implementation, differences by age and region narrowed
sharply.

Fig. 2
In each age group: percentage of women who would have had
out-of-pocket costsfor a hormonal 1UD, by quarter.

* k% %

In Q1 2012, 49% and 63%, respectively, of women aged
18- 24 and 4049 years would have had to pay out of pocket,
a 14-point difference (Fig. 2). In Q1 2013, less than athird of
this gap remained (4 points, 24% versus 28%); differences by
age nearly dissolved by the end of the anaysis period.
Similarly, in Q1 2012, 53% and 61-64%, respectively, of
women in the Northeast and elsewhere would have had to
pay something out of pocket (Fig. 3). In Q1 2013, four fifths
of this gap remained, and after another year, differences by
region nearly dissolved (to 0-3 points). Differences by region
dissolved as much as differences by age but less rapidly.

Table 1 reports the percentage of women with full coverage
for a hormona IUD (and at least partia coverage for its
insertion), with partial coverage for the IUD or without
coverage, by quarter, between Q1 2012 and Q1 2014. The
table indicates that very few women in these data had no
coverage at al. Thus, most of the increase in full coverage
appears to be driven by insurance companies moving from
partial to full coverage.

Fig. 3

In each region: per centage of women would have had out-of-

pocket costsfor a hormonal 1UD, by quarter.

* % %

Table 1 aso reports that the percentage of women in these
data affected by the contraceptive exclusion for religious
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employers varies from 0.4% to 2.2% in the five quarters
between January 2013 and January 2014. Dividing the
percentage without coverage due to the contraceptive
excluson by the percentage of women with no coverage
shows, however, that these 0.4-2.2% of women who sought
an IUD amount to 8.8-37.9% of women who sought an IUD
and had no coverage; this may suggest that a nontrivia
portion of women with interest in an IUD but without any
coverage worked for a religious employer that denies
contraceptive coverage. Considering the wide variation in
these numbers, however, they should be interpreted with
caution.

Table 2 reports cost estimates for the 1UD itself at the
median and 90th percentiles. The 90th percentile declines to
$169 in the first quarter of 2013 and to $15 in the first quarter
of 2014, from $844 in the first three quarters of 2012.
Median estimates are much smaller, at $20 in the first half of
2012, and fall to $0 in Q4 2012, as by then fewer than half of
women (49.9%) faced out-of-pocket costs for the IUD itself.

In a sengitivity analysis, we examined the percentage of
women who faced out-of-pocket costs for obtaining an IUD
under the assumption that women with multiple insurers for
example, backed up by Medicaid — could not rely on the
insurance with the lowest out-of-pocket cost available to
them. In this scenario, 20% of women would have had out-
of-pocket costs for the IUD and insertion in March 2014,
compared to 16% as shown in Fig. 1. In both coverage
scenarios, 58-59% faced out-of-pocket costs in January 2012,
so this sensitivity analysis corroborates the overall analysis.

4. Discussion

Following implementation of the ACA, we observed a
substantial decline in the percentage of women having to pay
out of pocket for a hormonal 1UD and the elimination of cost
disparities by age and region. Potential for further decline
remains, as 13% of women still did not have complete
coverage as of March 2014.
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Some of the decrease in women who face costs could
follow from other causes aside from the ACA. However, we
note the complete absence of any trend prior to the point in
time at which the ACA’ s provisions came into effect.

Either the ACA reduces differences between the North-east
and other regions or the characteristics of the healthcare
providers who use the benefit inquiry service differ in the
Northeast. If so, then these findings may reflect a
convergence in coverage not by region but by unobserved
socioeconomic characteristics. We cannot identify effects by
individual characteristics such as income or race, but trends
by region suggest that IUD coverage increased substantially
under ACA throughout the United States.

To address the representativeness of the benefit inquiry
data, we compared the available demographics — age and
geographic region — to U.S. Census data and the NSFG.
With regard to age, the women in the benefit inquiry data do
not differ significantly from all women of reproductive age.
With regard to geography, the comparisons indicate that the
benefit inquiry data overrepresent women in the Northeast
and underrepresent women in the West, although women in
the West are more likely to have an IUD in the NSFG and in
a recent Centers for Disease Control and Prevention analysis
of services provided to teenagers in Title X clinics [3,20];
this may reflect differences by region in the use of the benefit
inquiry service.

Tablel
Per centage of women with different levels of coverage for
a hormonal UD and percentage affected by the
contraceptive exclusion for religious employers, by
quarter

* % %

We note several limitations of our approach. A key
limitation is that we rely upon both the manufacturer of the
hormonal 1UDs and the manufacturer’s benefits-verification
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contractor for the data's authenticity and accuracy. We also
cannot determine how many of the 13% of women who
remain without complete coverage in March 2014 do so
because of imperfect adherence to the ACA requirement or
because they have a grandfathered insurance plan. Evidence
of imperfect adherence leads advocates like the National
Women's Law Center to publish advice to women faced with
costs in spite of the federa mandate [21-23]. Also, as
previousy noted, these data do not represent al women
seeking Mirena or Skyla, nor do we know the percentage of
these women who actually went on to obtain an IUD or the
number of 1UDs sold. Finally, we expect but cannot confirm
that these data predominantly represent women with private
insurance, as a doctor familiar with the public insurance
plans within his or her state would likely know a publicly
insured woman’s coverage. While we note these limitations,
our findings corroborate similar results from other studies
that analyze other contraceptives[17,18].

Table?2
Median and 90th percentile cost estimates for a hormonal
IUD, by quarter

* % %

Earlier studies reported that most women with private
insurance had at least partial coverage [10,14,17,18,24], but
these studies could have underestimated the number of
women with no coverage because they analyzed women who
obtained an IUD, and women who discovered that their
insurance did not cover an IUD might not obtain one. In
contrast to these earlier studies, our results are not biased by
this limitation.

Noticeable gaps in the percentage of women who are
covered and not subject to cost sharing, between women by
region and women by age, dissolved after the ACA took
effect. This convergence suggests that the ACA reduced
inequality among insured women. Were race or income
available in these data, it would have been interesting to test



524a

whether race or income inequality in coverage declined over
time. We believe that thisis worth further study.

Our study aso contributes the first nonanecdotal estimates
of the extent to which the contraceptive exclusion for
religious employers inhibits women's access to the
contraceptive of their choice. We interpret these results with
caution, however, given the between-quarter fluctuations in
the percentage of women denied 1IUD coverage due to the
excluson. We might expect that as the share of women
without coverage declines, the proportion of uncovered
women subject to the religious exclusion would increase, but
we observe the opposite, with a higher proportion of women
without coverage affected by the religious exclusion in the
first quarter of 2013 than in thefirst quarter of 2014.

Between 2006 and 2010, unintended pregnancy rates
declined in al but 2 of the 41 states for which data are
available [25]. This decline corresponded with a nationa
increase in long-acting reversible contraceptive (LARC) use,
predominantly of the IUD, from 3.7% in 2007 to 8.5% in
2009 [26]. As noted earlier, IUD use has since risen further,
reaching 10% in 2011-2013 [3], and prior research shows
that eliminating costs can lead to increased LARC use, which
in turn can contribute to lower pregnancy, abortion and birth
rates [8,9,12]. Other factors may also contribute to the
decline in unintended pregnancy. However, if the ACA leads
to additional uptake, this may contribute to continued
declines in unintended pregnancy.
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ABSTRACT The Affordable Care Act mandates that
private hedth insurance plans cover prescription
contraceptives with no consumer cost sharing. The positive
financial impact of this new provision on consumers who
purchase contraceptives could be substantial, but it has not
yet been estimated. Using a large administrative claims data
set from a national insurer, we estimated out-of-pocket
spending before and after the mandate. We found that mean
and median per prescription out-of-pocket expenses have
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decreased for aimost all reversible contraceptive methods on
the market. The average percentages of out-of-pocket
spending for ora contraceptive pill prescriptions and
intrauterine device insertions by women using those methods
both dropped by 20 percentage points after implementation
of the ACA mandate. We estimated average out-of-pocket
savings per contraceptive user to be $248 for the intrauterine
device and $255 annually for the oral contraceptive pill. Our
results suggest that the mandate has led to large reductionsin
total out-of-pocket spending on contraceptives and that these
price changes are likely to be salient for women with private
health insurance.

Contraceptives are among the most widely used medical
services in the United States, and 99 percent of sexually
active women have used at least one type of contraceptive in
their lifetime! Contraceptives are much less costly than
maternal deliveriesfor insurers and patients, and their use has
been shown to result in net savings to insurers.”

Contraceptive use also has important effects on families
and the economy. Studies of the effects of legalization of the
contraceptive pill in the 1960s and 1970s found that
increased access to contraception was associated with lower
rates of subsequent entry into poverty, higher rates of labor-
force participation and entry into professional school, and
higher wages for women*® These economic gains also
affect subsequent generations. The children of women with
increased access to contraception have higher rates of college
completion and higher incomes, compared to children whose
mothers did not have access to family planning.”

A variety of contraceptive products are currently available
to women in the United States. Some—like the oral
contraceptive pill—are relatively inexpensive but must be
purchased monthly. Others can be very expensive but
require only a one-time purchase for months or years of
contraceptive coverage. These methods of long-act-ing
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reversible contraceptives (sometimes called LARCs) are the
intrauterine device (IUD) and the subdermal implant. Both
are much more effective than oral contraceptives, but before
the ACA they could require a onetime out-of-pocket
payment of several hundred dollars.

This high up-front cost may have deterred some women
from using long-acting reversible contraception methods. A
recent study of women enrolled in private health insurance
who ex-pressed interest in an IUD found that women with a
lower out-of-pocket spending requirement for the device and
insertion procedure were significantly more likely to receive
an IUD than women who faced higher out-of-pocket
expenses.’

The Affordable Care Act (ACA) includes a mandate that
“preventive services’—a category of services that includes
both prescription contraceptives and their related medical
services—be covered with no consumer cost sharing. This
mandate went into effect August 1, 2012. It required that
insurance plans come into compliance at the beginning of the
subsequent plan year, which for many women was January 1,
2013. The mandate includes all contraceptive methods
approved by the Food and Drug Administration (FDA),
including female sterilization and prescription emergency
contraception, but it excludes over-the-counter emergency
contraception and abortifacients® The mandate does not
require that insurance companies cover every brand of
prescription contraceptive on the market.

The ACA mandate applies nationally to all private health
insurance plans, including those offered in the health
insurance Marketplaces and by employers. The only
exceptions are grand-fathered plans and those offered by
employers that receive an exemption for religious reasons.
Grandfathered plans are hedth plans that have not
substantially changed their cost-sharing requirements since
March 2010, the month when the ACA became law. These
plans are gradually being phased out of the employer-
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sponsored health insurance marketplace but still covered 36
percent of insured workers as of 2013.° This means that a
significant subset of women are still enrolled in plans that are
not yet subject to the ACA’s mandate of zero cost sharing for
contraception.

The inclusion of prescription contraceptive coverage in the
ACA’s mandate has drawn a large amount of political
attention. Much of the debate surrounding the mandate has
focused on either the effect of the mandate on employers
religious freedom or the potential impact of the mandate on
women's health.?*? Its financial impacts on women as
consumers have attracted far less attention. However, one
recent survey of several hundred privately insured women
found that the average out-of-pocket price for the pill had
dropped from $14.35 per month in 2012 to $6.48 in 2014.*3

Our aim was to systematically quantify declines in out-of-
pocket spending between 2012 and 2013 for all available
reversible prescription contraceptive methods. This will
allow an understanding of relative changes in price across
methods, particularly between the pill and long-acting
reversible contraception methods. We also put these
spending changes into their financial context for women as
consumers by examining how these price declines affect both
their total out-of-pocket spending on health care and the
proportion of that spending that is spent on prescription
contraceptives.

Study Data And Methods

We used a 10 percent sample of the Clinfor-matics™ Data
Mart from Optum Insight, a claims database from a large
national insurer, to calculate monthly out-of-pocket spending
between January 2008 and June 2013 for the eight categories
of prescription contraceptives listed in Exhibit 1. Our sample
consisted of 17.6 million month-level observations for
790,895 women ages 13-45 who were enrolled in private
health insurance for at least one month during this period.
The mean and median lengths of insurance enrollment were
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22.3 and 17.0 months, respectively. The data set included
women in all fifty states and the District of Columbia

EXHIBIT 1

Characteristics Of Prescription Contraceptives And
Consumers’ Out-Of-Pocket Expenses

* % %

THE INCLUSION OF
PRESCRIPTION
CONTRACEPTIVE
COVERAGE INTHE ACA’S
MANDATE HASDRAWN A
LARGE AMOUNT OF
POLITICAL ATTENTION.

ESTIMATING AVERAGE OUT-OF-POCKET
SPENDING Per clam out-of-pocket spending was
calculated using pharmacy claims for contraceptive methods
delivered in a pharmacy, such as ora contraceptives, the
contraceptive patch and ring, and diaphragms and cervica
caps. Contraceptive methods delivered in a physician office
(IUDs, implants, and injections) were identified in the
medical claims data using Current Procedural Terminology,
Fourth Edition (CPT-4); level 2 Healthcare Common
Procedure Coding System (HCPCS); and International
Classification of Diseases, Ninth Revison (ICD-9),
procedural and diagnostic codes. We estimated out-of-
pocket spending for these three methods by aggregating all
patient cost sharing for the encounter during which the
method or device was delivered, because procedural costs
associated with these methods are billed separately from the
cost of the device itself.

For al contraceptive methods, we report the six-month
mean or median per claim out-of-pocket expense. For short-
term products such as the pill, the patch, and the ring, this
calculation is not equivalent to the per month out-of-pocket
expense because many women receive two to three months
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of contraceptive supplies when they fill their prescriptions.
Our cost estimates are therefore not comparable with
monthly estimates reported previously in the survey
literature.

Before the ACA mandate, contraceptives were subject to
yearly deductibles and out-of-pocket limits. The average
costs per method therefore declined predictably over the
course of a given year as some women used up their
deductibles or hit their out-of-pocket spending limits and
incurred lower out-of-pocket expenses for their method of
contraception. To remove the influence of deductibles and
out-of-pocket limits from our estimates, in some of our
anayses we regressed pre-August 2012 out-of-pocket
expenses on a set of monthly dummies and then plotted the
residual variation in out-of-pocket spending.**

ESTIMATING CHANGES IN TOTAL OUT-OF-
POCKT SPENDING To estimate the share of out-of-pocket
spending for prescription contraceptives, we focused on users
of the pill and women who had new 1UD insertions, since the
pill and the IUD are the two most commonly used reversible
prescription contraceptive methods in the United States.® To
minimize selection bias, we limited our spending analysis to
women who were continuously enrolled in insurance from
January 2012 to June 2013. We then compared spending
patterns among pill users and women who received 1UD
insertions in the pre period (January-June 2012) to patternsin
the post period (January-June 2013).

We defined pill users as women who had at least one claim
for an oral contraceptive pill in both the pre and post periods.
We included spending in both periods for pill users. We
defined IUD users as women who had an IUD inserted in
either the pre or the post period. We included spending for
IUD users only in the period in which they received their
lUD.

For each woman, we summed her out-of-pocket spending
on either pills or IUD insertion and divided that value by her
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total out-of-pocket spending during that period. Using these
percentages and the mean and median total out-of-pocket
spending values for these users, we then estimated the mean
and median implied savings on pills and IUD insertions per
woman attributable to the ACA mandate.

Implied savings were calculated by multiplying the mean
(or median) total spending by the mean (or median)
percentage of spending spent on that method for each period
and then subtracting the 2013 estimate from the 2012
estimate. This calculation took into account the possibility
that total average out-of-pocket spending might have
changed during this time period. For pill users, this value
was then multiplied by two to estimate total yearly spending.

All costs are presented in inflation-adjusted 2013 dollars.
Analyses were performed using Stata/MP, version 13.

LIMITATIONS There were a number of important
limitations to our study. Claims for emergency contraception
and diaphragms or cervical caps were infrequent in our data,
so we recommend caution when interpreting estimates for
these methods. Additionally, we did not include cost sharing
for physician appointments or costs of IUD or implant
removals in our estimates, which resulted in a conservative
estimate of out-of-pocket spending.

For contraceptive methods obtained in a physician office
and reported in medical claims (the 1UD, implant, and
injection), we calculated expenses per encounter. If awoman
received another expensive service at the same encounter—
for instance, if an IUD or implant was inserted immediately
after maternal delivery—it is possible that we erroneously
included the costs of those procedures in some of our totals.
We therefore report both means and medians in our results.
We also conducted a sengitivity analysis in which we
excluded the top 1 percent of expenses for each of these
methods. Thislowered the estimated mean expenses slightly
but had amost no effect on the estimated median expenses.
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Finally, our implied savings estimates assumed that in the
absence of the mandate, out-of-pocket expenses for
consumers would have stayed the same as they were in the
period January-June 2012. This could be an unrealistic
assumption in particular for 1UDs, which demonstrated a
dynamic average monthly out-of-pocket price prior to the
mandate's implementation. Because of this limitation, the
savings estimates should be interpreted as short-term changes
in out-of-pocket spending only and should not be used for
long-term estimates of out-of-pocket spending reductions.

Study Results

Adjusted mean per claim out-of-pocket spending declined
for both the pill and the IUD after implementation of the
ACA mandate (Exhibit 2). The average adjusted out-of-
pocket expense for a pill prescription fell from $33.58 in
June 2012 to $19.84 in June 2013, and the out-of-pocket
expense for an IUD insertion fell from $293.28 to $145.24.

$255
Per year

The average user of the pill saved $254.91 per year after the
ACA mandate took effect.

To better examine the change in costs for all contraceptive
methods, we report the unadjusted six-month mean and
median per clam out-of-pocket spending for each
prescription contraceptive method in the pre and post periods
(Exhibit 3). At baseline in 2012, the method that was most
expensive up front was the implant, with a mean expense of
$320.31, followed by the 1UD, at $262.38. The methods
with the lowest per claim expense were the pill ($32.74),
emergency contraceptives ($26.16), and diaphragms or
cervical caps ($34.48).

However, out-of-pocket spending for short-term methods
compared to that of long-term methods must be considered in
the context of the length of time the methods are used.
Short-term methods such as the pill must be purchased
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repeatedly over time, while the out-of-pocket expense for
long-term methods such as IUDs is a one-time expense. In
the long run, long-acting reversible contraception methods
such as the IUD or implant have been shown to be less costly
than repeatedly purchasing a short-term method such as the
pill for an equivalent length of time.*®

We observed large decreases in the mean out-of-pocket
expenses of most methods following implementation of the
mandate (Exhibit 3).

EXHIBIT 2

Trend In Mean Adjusted Per Claim Out-Of-Pocket
Expenses For Oral Contraceptive Pill Prescription Fills
And Intrauterine Device (IUD) Insertions, 2008-13

* * %

EXHIBIT 3

Mean And Median Per Prescription Out-Of-Pocket
Expenses For Prescription Contraceptive M ethods Before
And After Implementation Of The Affordable Care Act
Mandate, 2012 And 2013

* * %

From June 2012 to June 2013 the mean out-of-pocket
expense for the pill declined by 38 percent, and the mean out-
of-pocket expense for an 1UD declined by 68 percent. We
aso found decreases in gpending for emergency
contraception (93 percent), diaphragms or cervical caps (84
percent), the implant (72 percent), and the injection (68
percent). In contrast, spending for the ring and the patch
declined only 2 percent and 3 percent, respectively, over this
period.

Median out-of-pocket per prescription spending fell to zero
for amost all prescription contraceptive methods following
implementation of the ACA mandate. This suggests that
while some women were still paying large amounts out of
pocket for their contraception, the mgority of women were
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paying nothing by June 2013. The ring and the patch were
the exceptions. Their mean and median out-of-pocket
expenses remained similar during this time period.

To assess the relative magnitude of these out-of-pocket
spending changes for contraceptive users, we examined total
mean and median out-of-pocket spending and the percentage
of that spending spent on contraceptives for pill users and
women who received 1UD insertions (Exhibit 4). Because
the mandate was implemented mid-2012, we compared
spending percentages in the first six months of 2012 with
those in the first six months of 2013. For women who were
enrolled in insurance continuously and had at least one claim
for oral contraceptive pills in both periods, the mean and
median percentages of out-of-pocket spending spent on the
pill dropped from 44.0 percent and 36.0 percent to 22.4
percent and 0.0 percent, respectively. For women who
received an IUD during the same periods, the mean and
median out-of-pocket spending percentages in the period
they received their IUD dropped from 30.3 percent and 13.2
percent to 11.3 percent and 0.0 percent, respectively.

We used these values to estimate the per woman savings on
yearly oral contraceptive pill costs for pill users and on IUD
insertions for women receiving IlUDs. We estimated that the
average pill user saved $254.91 per year, and the median pill
user saved $204.65 per year (Exhibit 4). The mean and
median savings on IUD insertions were estimated to be
$248.30 and $107.95, respectively, per woman.

Discussion

Out-of-pocket expenses used in this study for the period
before the implementation of the ACA mandate were roughly
equivalent to those in other available data'®*" However, we
found substantial drops in both the mean and the median out-
of-pocket spending for most contraceptive methods after the
mandate’ s implementation. Median spending for almost all
contraceptive methods fell to zero within ten months of
implementation, and mean spending dropped by large
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percentages (38-93 percent, depending on the method).
Mean out-of-pocket spending remained above zero for two
reasons. Not all brands are required to be covered with zero
cost sharing, and a subset of women in the data were enrolled
in grandfathered plans that were not yet subject to the
mandate.

Before the mandate’'s implementation, out-of-pocket
expenses for contraceptives for women using them
represented a significant portion (30-44 percent) of these
women'’s total out-of-pocket health care spending. Thisis a
finding that, to our knowledge, has not been previously
reported. It is likely that contraceptives are a significant
proportion of total heath spending because contraceptive
users tend to be young women with few serious health issues.
For these women, obtaining contraceptives is likely their
primary reason for visiting a health care provider and paying
out-of-pocket amounts. Because contraceptives represented
a large portion of their health care spending before the
mandate, the price reductions caused by the ACA are likely
to be salient for these women.

A recent industry report estimated that the ACA mandate
saved women $483 million in out-of-pocket spending on the
pill in 2013.8 Our findings suggest that reductionsin out-of-
pocket expenditures on contraceptives in 2013 were in fact
much higher, as demonstrated using a quick back-of-the-
envelope calculation. The most recent estimates suggest that
there are 6.88 million privately insured pill users in the
United States’” Multiplying this by our conservative median
estimate of $204.65 peryear yields an estimate of $1.4 billion
per year in out-of-pocket savings on the pill aone.
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EXHIBIT 4

Out-Of-Pocket Spending On Prescription Birth Control
By Oral Contraceptive Pill Users And Women Receiving
Intrauterine Devices (1UDs), 2012 And 2013

* % %

Policy Implications

Our findings suggest that the ACA mandate will likely
significantly reduce the out-of-pocket expenditures of
contraceptive users, in some cases to nothing. But it is till
too early to predict the final impact of the mandate on health
care use and spending, or the mandate's impact on other
health and socioeconomic outcomes for women.

Economic theory and empirical evidence suggest that
decreasing out-of-pocket contraception expenses to
consumers will result in increased use.®® An increase in
the use of contraceptives could have long-ranging impacts
upon women'’s health and the economy, potentially lowering
fertility rates and increasing economic opportunities for
women and their families.*®

The ACA mandate also changes the relative prices of
different contraceptive methods. Because long-acting
reversible contraceptive methods are more costly up front, it
is possible that removing financia barriers to all methods
might induce women to choose long-acting reversible
contraceptive methods at higher rates.

The CHOICE Project, a recent prospective cohort study of
9,256 women ages 14-45, offered participants their choice of
contraceptive at no cost after they received counseling and
education about all available methods.22' 23 With the barriers
of cost, knowledge, and access removed, 75 percent of
participants chose a long-acting reversible contraception
method. Participants who chose such methods had higher
rates of continuing to use their device and of satisfaction at
twelve and twenty-four months of follow-up. In addition,
their rates of pregnancies, births, and abortions in the twenty-
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four-month follow-up period were much lower than national
rates during the same period.

Some policy makers and media outlets have raised
concerns that no-cost contraceptives, or increased use of
more effective contraceptives, might increase risky sexual
behavior. However, the CHOICE Project found no evidence
of increased sexual risk taking among the study cohort.

The CHOICE Project enrolled only women who were
interested in starting a new contraceptive method and
specifically counseled participants about the relative
effectiveness of long-acting reversible contraception methods
compared to more short-term methods. In contrast, the ACA
mandate lowered the out-of-pocket expense for
contraceptives for all women in private health plans, many of
whom might be uninterested in changing their current
contraceptive method.

ITISSTILL TOO EARLY TO PREDICT THE FINAL
IMPACT OF THE MANDATE
ON HEALTH CARE USE AND SPENDING, OR ON
OTHER HEALTH
AND SOCIOECONOMIC
OUTCOMESFOR WOMEN.

Furthermore, the ACA mandate does not directly change
providers behavior or affect consumers knowledge about
contraceptives, although some providers may take it upon
themselves to educate their patients about the mandate. In
some cases, women may not even be aware that their
coverage has changed. A recent study of young adults
experiences in shopping for hedth insurance on
HedthCare.gov found that many were unaware that well-
women visits and contraception were included as preventive
services with no cost sharing.?*

The impact of the ACA mandate on contraceptive
utilization will therefore depend on how sensitive consumers
are to out-of-pocket expenses for contraceptives and how
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many women were dissuaded from using contraceptive
products by that expense before the mandate's
implementation.” Very few studies have estimated the
responsiveness of consumers to the out-of-pocket expense of
contraceptives in the United States, and no study has
estimated it for the population of privately insured women
affected by the ACA mandate. Future work will need to
measure whether these spending changes result in increased
use of contraceptives or changes in the choice of
contraceptive methods.

Lastly, insurance companies are required to cover all
contraceptive methods with no consumer cost sharing in
plans that are not grandfathered, but they are not required to
cover all brands. The large national insurer that provided our
data appeared to be interpreting this broadly, as out-of-pocket
spending for the patch and the vaginal ring did not follow the
same pattern as spending for other methods. Mean and
median out-of-pocket expenses for the patch and vaginal ring
remained very similar to premandate levels.

These findings are consistent with results from severa
recent studies suggesting that not all insurers are fully
complying with the mandate®® ?* In response to these
reports, the Departments of Labor, Health and Human
Services, and the Treasury jointly issued new guidelines May
11, 2015, clarifying the requirements of the mandate. These
guidelines specify that insurers must cover with no cost
sharing a least one of the eighteen FDA-approved
contraceptive methods, including methods such as the patch
and the ring.®® Insurers can use cost sharing to direct
consumers to lower-cost methods within a category, as long
as at least one method within each category is covered with
zero cost sharing.

With this new clarification from the administration of
President Barack Obama, we expect that the pattern of out-
of-pocket expenses for the patch and the ring among the
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population we studied will soon resemble that of other
methods.

Conclusion

We found the ACA-mandated removal of consumer cost
sharing for prescription contraceptives in nongrandfathered
insurance plans resulted in large reductions in out-of-pocket
spending on contraceptives. A woman who uses ord
contraceptive pills or the IUD, the two most commonly used
reversible prescription contraceptive methods, has the
potential to save severa hundreds of dollars each year. This
represents a significant portion of the average total out-of-
pocket medical spending in this population. The impact of
these reductions in out-of-pocket expenditures on the use of
contraceptives, fertility, and women’'s health will depend on
the price sensitivity of privately insured women for pre-
scription contraceptives.
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