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Abstract

Introduction—Oral contraceptive pills have been implicated in the pathophysiology of breast
cancer. Although many studies have examined the relationship between combined oral
contraceptives (COCs) and breast cancer, there is a paucity of literature that discusses progestin-
only oral contraceptives (POCs) and breast cancer. The purpose of this investigation is to examine
potential associations between different types of oral contraceptives and breast cancer mortality in
the South Carolina Medicaid population among different racial/ethnic groups.

Methods—Subjects included 4,816 women diagnosed with breast cancer between 2000 and
2013. Kaplan-Meier curves were calculated to determine time-to-mortality rates among users of
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oral contraceptives. Competing-risks models and Cox multivariate survival models were used to
estimate the hazard ratios (HRs) and 95% confidence intervals (Cls) of breast cancer and other-
cause mortality, as well as all-cause mortality.

Results—POCs were associated with a significantly decreased risk of breast cancer mortality
(HR: 0.07; 95% CI: 0.01, 0.52) and a non-significant increased risk of all-cause mortality (HR:
1.04; 95% CI: 0.52, 2.07). COCs increased the risk of breast cancer mortality (HR: 1.61; 95% ClI:
1.14, 2.28) and all-cause mortality (HR: 1.83; 95% ClI: 1.30, 2.57).

Conclusion—Use of POCs may be associated with a decreased risk of breast cancer mortality.
Due to the small sample size of POC users in the current study, additional research is needed to
confirm these findings.

Keywords
breast cancer; oral contraceptives; progestin; health disparities; competing risk; survival analysis

Introduction

Breast cancer is the most commonly diagnosed cancer and the second leading cause of
cancer-related deaths among women [1]. In 2015, approximately 30% of new female cancer
cases were located in the breast. Reproductive factors, such as oral contraceptive (OC) use,
late pregnancy, and nulliparity, as well as genetic factors, family history, and age, increase
breast cancer risk [1-5]. There are currently approximately sixty-two million women in their
childbearing years (15-44 years of age) and it is reported that more than 99% of those who
are sexually active use at least one contraception method [6]. Contraceptive pills,
specifically combined oral contraceptives (COCs) that combine estrogen + progestin, and
sterilization are the leading methods of choice [7]. Since the introduction of the birth control
pill in the 1960’s, there has been a lot of debate about COCs potential health effects [4,8].
With the increasing popularity of OCs, it is important to focus on the potential health risks
they may have on society and to consider ways of reducing these risks.

In the National Survey of Family Growth (NFSG), the majority of American women who
reported ever having used a contraceptive method identified themselves as using OCs,
specifically combined OCs. Of those currently using an OC method, 98% used an estrogen+
progestin method or COC method, and 2% reported using progestin-only contraceptive pills
(POCs) [8]. Within one year of use, similar rates of unintended pregnancies are observed
among COC and POC users with typical (i.e., occasional incorrect use) and perfect use (9
cases/100 women and 3 cases/1000 women, respectively) [5,9]. Typical use refers to
pregnancy rates that include inconsistent or incorrect use and perfect use applies to
pregnancy rates that reflect women following the directions (e.g., no missed pill) [10]. In
fact, both COCs and POCs are more than 99% effective [3,11-12]. However, COCs are
associated with an increased risk of venous thromboembolic events (VTES), high blood
pressure, and breast cancer [7,11-14]. Compared to women who had exclusively used POCs,
exclusive users of COCs had a 30% increased risk of breast cancer [3]. Despite similarities
in efficacy and increased risks of adverse effects, COCs remain more popular than POCs.
Plausible reasons for the existing disparities in OC use include physician prescription
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patterns, knowledge and attitudes of OC types, longer biological adjustment periods and lack
of communication between provider and patient [15].

Many studies have investigated whether COCs increase the risk of breast cancer [16-18];
however, there is a paucity of literature assessing different types of OCs (non-estrogen-
containing formulations) and breast cancer risk. Due to significant health disparities in
breast cancer mortality among African American (AA) and European American (EA)
women, and potential differences in types of OCs used between races, we will focus on the
differences in breast cancer mortality by race [19-21]. South Carolina can provide insight
into potential reasons for racial/ethnic disparities in cancer mortality, with EA women
having a higher incidence of breast cancer yet higher survival than their AA counterpart
[22]. The purpose of this study is to determine the association between the type of OC use
and breast cancer mortality in the South Carolina Medicaid population using a competing
risk model [13]. Secondary goals include assessing type of OC use and all-cause mortality as
well as mortality from other (or “non-breast cancer”) causes.

Data Sources and Study Design

All data used for this analysis were collected through the Office of Research and Statistics
(ORS)/SC Revenue and Fiscal Affairs Office (RFA) Medicaid administrative enrollment and
claims data and linked to the South Carolina Central Cancer Registry (SCCCR) using
probabilistic matching techniques. The SCCCR maintains a gold-certified rating through the
National Association of American Cancer Registries (NAACR), indicating data of
exceptionally high quality, validity, and completeness. Data was linked by matching on
name, social security number (SSN), and other identifying variables. This study was granted
an exemption from the institutional review board of the University of South Carolina.

We used a retrospective cohort to examine the relationship between OCs and breast cancer
mortality among low-income populations by race/ethnicity. Women exposed to POCs,
COCs, or POC+COC are compared to individuals who have never been exposed to OCs.
Our study is composed of an open cohort, where individuals can leave and enter the
population at different time points, from 2000 to 2012.

Study Population

Medicaid data consists of an open population limited to individuals with =12 months of
eligibility. The study population included women enrolled in Medicaid in South Carolina
between 2000 and 2012. Women were excluded if they did not have a race designation of
EA or AA. Medicaid pharmacy files, classified by the National Drug Code (NDC), included
information regarding the OC pill type, date dispensed, quantity, and the number of refills.
Women with NDC codes with therapeutic class 681200 were flagged and women with a
prescription for a POC or a COC were included in our study. Women using both POC and
COC were included in the POC+COC group.

Breast cancer occurrence was determined according to the International Classification of
Diseases (ICD-9) codes from the ORS/RFA and SCCCR. Individuals with ICD-9 codes for
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malignant neoplasms of female breast: 174.X; carcinoma /n situ of breast: 233.0; and
neoplasms of uncertain or unspecified behavior (excluding skin of breast): 238.3 and 239.3.
The SEER staging manual (2000) was used to classify breast cancer stages.

To evaluate the association between OC use and breast cancer mortality risk, individual
baseline and demographic variables were considered in the analysis: year of diagnosis
(continuous), education (categorical), marital status (categorical), race (categorical), tobacco
(categorical), duration of pill use (continuous), follow-up (continuous), stage of disease
(categorical), mean age (continuous), and time-to-mortality (continuous). Education was
categorized as < high school/some high school/high school graduate/= high school/missing;
marital status: married/not married; race: EA/AA; tobacco: yes/no; duration of pill use
(months); follow-up after OC use (months); stage of disease: /n situ or noninvasive, local,
regional/distant; ; age (years); and time-to-mortality (days). Based on the directed acyclic
graph (DAG, Figure 1), race and age are confounders, or covariates that create a biasing path
[23]. Adjusting for age and race is a minimally sufficient set for estimating the direct effect
of OC use on breast cancer [24, 25].

Statistical Methods

Descriptive statistics, stratified by OC use, were calculated for all baseline demographic
variables. All categorical and continuous variables were assessed using chi-square test and
two-tailed t-tests, respectively. The continuous variables are presented by mean (standard
deviation (SD)) and categorical variables by frequencies (percentages (%)). All Pvalues
were 2-tailed, and significance was assessed as a Type | error rate of alpha 0.05. Kaplan-
Meier survival curves were calculated, and the log-rank test statistic was used to assess
statistical differences between OC groups for breast cancer mortality. Competing risk
models were performed and models fitted using the Lunn McNeil approach to estimate
cause-specific mortality (breast cancer and other causes)[26]. Associations among all-cause
mortality rates, race, and other important covariates were estimated using Cox proportional
hazards (PH) model. In the competing risk model, events were classified as breast cancer or
other cause mortality and in the Cox PH model, events were classified as all-cause mortality.
Total survival time was calculated for all subjects as the time from OC use to the time of
death or censoring. In the Cox PH model, women were followed from OC use until any
event occurred (breast cancer or other cause) to determine all-cause mortality. In the
competing risk models, survival time was calculated from OC use to breast cancer mortality
and in a separate model, from OC use to non-breast cancer deaths, or other causes of deaths.
Women were censored at either the date of death for their respective model or at the end of
the study period, whichever occurred first.

Separate competing risk models were performed by race (EA/AA), adjusting for other
baseline and demographic variables. Cox PH models were used to assess the association
between baseline and demographic variables with hazard risk from overall mortality by race.
We evaluated PH assumption and the time-dependent relationship between OC exposure and
all-cause mortality using Cox PH models. In our final competing risk model, we adjusted for
OC use, marital status, year of diagnosis and age for EA women and OC use, stage, and age
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for AA women, when assessing breast cancer mortality. Adjustments varied slightly when
assessing other cause mortality by race (Table 2). Covariates were determined based on
backward elimination with an entry level of 0.10. However, OC use, our main variable, was
kept in all models based on the a prioriresearch question. In the reduced model, the p-value
< 0.05 were considered statistically significant. All analyses were performed using SAS
version 9.4 (Cary, NC).

Results

Participants

Baseline characteristics according to OC use are presented in Table 1. Of the 4,816 women
included in the analysis, approximately 11% did not survive. The OC distribution was POC
(n=135; 2.8%), COC (n= 3,958; 82.2%), and POC + COC (n= 265; 5.5%). Never users
consisted of 9.5% of the study population. The highest mean age (41.5 years (SD: 8.2)) of
use was seen among POC+COC users, a group which primarily consisted of married women
(80.4%) and women who had more than a high school education. The shortest mean follow
up was seen among POC users (99.3 months (SD: 43.7)).

Figure 2 presents the univariable hazard ratios for risk of breast cancer and all-cause
mortality by race and OC type. The crude analysis suggests an increased risk of breast
cancer mortality among COC users of all races (HR: 1.80; 95% CI: 1.29, 2.55) and among
EA women (HR: 2.10; 95% ClI: 1.44, 3.06), specifically. The decreased risk seen in AAs
using COC is non-significant (p-value: 0.21). Similar findings were observed among COC
users and all-cause mortality (all races-HR: 2.38; 95% ClI: 1.71, 3.32, EA-HR: 2.85; 95%
Cl: 1.96, 4.14, AA-p-value: 0.26). POC was inversely associated with breast cancer-specific
mortality among all races (HR: 0.04; 95% CI: 0.01, 0.33, p-value: < 0.01) but was not
associated with all-cause mortality (HR: 0.60; 95% CI: 0.30, 1.20, p-value: 0.28).
Competing risks regression analyses that controlled for marital status, follow up, year of
diagnosis, age, and stage of breast cancer diagnosis were performed to assess whether the
use of OC was associated with longer survival times compared to no OC use. Tobacco and
duration were removed in the final model due to missing information and nonsignificant
findings.

Kaplan-Meier survival curves of Medicaid cohort are stratified by race and OC exposures
(never users, POC, COC, or POC+COC) among women in the total population and among
women who previously had breast cancer (Figure 3). There are significant differences in
survival by OC type, especially among AA women. POC use was associated with better long
term survival. As shown in the reduced models (Table 2), EA women had a significantly
higher likelihood of breast cancer death when using either COC (HR: 1.91, p-value: <0.01)
or POC+COC (HR: 3.02, p-value: <0.01) compared to never use. EA also had a reduction in
risk of breast cancer mortality with each additional year of diagnosis and age. OC use was
not significantly associated with an increased risk of other-cause mortality among EA and
AA women and did not significantly decrease the risk of breast cancer mortality among AA
women. Overall, POC was associated with a reduced risk of breast cancer mortality (HR:
0.07, p-value: <0.01) and both COC and POC+COC were associated with increased risks of
breast cancer mortality (HR: 1.61 and 2.09, p-value: <0.01) (Table 3).
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Table 4 shows the results of all-cause survival using the Cox PH model for AA, EA, and
total (AA+EA) women. Overall, OC use was not significantly associated with all-cause
mortality among AA women. However, without stratification, the total population had an
increased mortality when using either COCs or POC+COC (HR: 1.83; 95% CI: 1.30, 2.57
and HR: 2.85, 95% CI: 1.72, 4.72, respectively). The increased all-cause mortality risk was
also noted among EA women using COCs and POC+COC. EA women and the total
population saw 2-3 fold increased risk of all-cause deaths among COC and POC+COC
users.

Discussion

In this large study of 4,816 Medicaid women, we found that COC and POC+COC use were
positively associated with breast cancer mortality. After adjustment for relevant covariates,
EA women using COCs and POC+COCs had 1.91 to 3.02 times the risk of breast cancer
death and 2.35 to 3.38 times the risk of all-cause mortality compared with never users. The
association between OC use and breast cancer mortality among AAs was not significant.
Mortality in the AA population was primarily determined by stage of breast cancer
diagnosis, which was associated with a twenty-fold increased risk.

Recently, a meta-analysis of contraceptive use and breast cancer risk showed POCs were not
associated with increased breast cancer risk [27]. In this current study, we found a
significantly reduced risk between POC use and breast cancer mortality in the total
population (HR: 0.07; p-value: <0.01). Yet, POCs were associated with non-significantly
increased likelihood of death from other causes (non-breast cancer mortality) and non-
significantly reduced risk of all-cause mortality. Other studies have hypothesized that
medical surveillance may bias the relationship between COCs and breast cancer [3, 28] and
similarly, access to health care may bias the relationship between COCs and breast cancer
mortality. However, this biasing relationship is reduced in our study because POC and POC
+COC users have undergone similar medical surveillance procedures and have similar
access to health care.

This study suggests that OCs play a differential role in breast cancer, other cause and all-
cause mortality by race. However, the lack of a clear association among AA women using
OCs and our outcomes of interests requires more attention. Larger sample sizes of AA
women may be necessary in the future to examine this relationship. There were only six AA
women using POC+COCs, which reduces our power in interpreting POC+COC utilization
in this population. Understanding the role of OC types on women’s health could help
minimize the burden of cancer and more epidemiologic studies need to be done to explore
the effect of POCs. The only marketed POC in the United States is norethindrone .35 mg
tablet, which includes Camila, Errin Nor-QD, Ovrette, Jolivette, OrthoMicronor and generic
medications. Typically, POCs are recommended for women who have certain
contraindications to estrogen-containing formulations. For example, in our population,
smoking was more common among POC users (82.4%). Despite 28.7% of COC users being
smokers, smoking is a known contraindication of COC use and may result in serious adverse
events (e.g. VTE, stroke) [14, 29, 30]. Most of the current studies available are case-control
studies and focus only on COC users. Comparing various types of contraceptive preparations
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may provide insight to safer alternatives to pregnancy prevention, especially among high-
risk groups. We performed sensitivity analyses on a crude proxy of menopausal status (age >
50) and excluded women diagnosed with breast cancer in the first year of the cohort and
found similar results.

This study should be replicated in more generalizable populations but still provides insight
into a potentially less risky alternative to COCs. Another study also suggests raising
awareness of POCs in at-risk populations such as smokers, those with family history of
breast cancer and cardiovascular disease, and who may be more susceptible to the estrogen
component in the OC pill if these results are confirmed in other studies [31]. The use of OCs
can vary drastically by region, and studies have shown that there is a considerable amount of
misinformation among health care providers about contraception health, with older
providers and primary care physicians tending to demonstrate a larger gap [20]. In the US,
approximately 17% of women aged 15-45 years use COCs, which is only half the number
of women using OCs in Europe and twice the number of women in Africa [32]. Future
research should examine this relationship by region and using different racial and ethnic
cohorts.

Strengths and limitations

Strengths of our study include the large overall sample size and detailed information on
medication use from enrollment and administrative claims data. Our study did not exclude
POC formulations when considering types of OCs, which makes it unique. Furthermore, our
sample population is restricted to Medicaid beneficiaries, which provides us with unique
insight to underrepresented groups. However, this data registry did not provide information
on potential confounders such as diet, physical activity, serum lipids, blood pressure, family
history, and other reproductive factors (e.g. menstrual history), estrogen/progesterone
receptor status, and post-operative treatment. Limited information was provided on tobacco
use, and stratification of events by type of OC use and race led to small numbers and
reduced the strength of the association. It would also be interesting to study the long-term
use of OCs (including POCs) and breast cancer mortality.

Conclusion

Among premenopausal women using OCs, COCs were the strongest predictor of breast
cancer mortality and POC+COCs were the strongest predictor of overall mortality. The type
of OC used should be taken into account when assessing breast cancer mortality risk. POCs
may be associated with less short- and long-term adverse events related to the estrogen
component of COCs. However, due to the small sample size of POC users in the current
study, additional research is necessary to confirm whether the association with breast cancer
mortality differs by OC type.
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Highlights

There were significant differences in the rates of survival of a sample of
women previously diagnosed with breast cancer who had taken different types
of oral contraceptive, especially among African American women.

Progesterone-only contraceptives were associated with a significantly
decreased risk of breast cancer mortality and may be a better alternative to
combined oral contraceptives among high-risk populations.

Exogenous estrogen and progesterone should be investigated further for oral
contraceptive use as well as for prevention of breast cancer.
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Figure 1.
Directed Acyclic Graph illustrating the association of POC use and breast cancer risk
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Figure 2.

Univariable hazard ratios for risk of breast cancer mortality and all-cause mortality by race

and oral contraceptive type
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Table 3

Competing Risk for Breast Cancer Mortality Using the Total Population (all races)

No. of Patients ~ No. of Events  Estimate pRt*

Oral Contraceptive

Never use 916 458 (ref) (ref)

poC 270 135 -2.65 0.07%
coc 7916 3958 0.48 161*
POC+COC 530 265 0.74 209%

+
~Adjusted for marital status, follow-up, year of diagnosis, and age;

Significant (p< 0.05)
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Table 4

Cox regression analysis for all-cause mortality in patients in the Medicaid cohort

Race N All-cause Mortality®

Oral Contraceptives

Never Use eEaf 427 1.00
aAaf 31 1.00
Total¥ 458  1.00

POC EA 118  1.00(0.47,2.13)
AA 17 0.26(0.05,1.26)
Total 135  1.04 (0.52, 2.07)

coc EA 3773 ,35(161,342)"

AA 185  0.44(0.20, 0.96)

Total 3958 1g3 (1.30,257)
POC+ COC EA 259 338(1.97,579)"

AA 6 0.30 (0.04, 2.42)

Total 265  g5(1.72,4.72)

’tall models did not satisfy PH assumption, hence time-dependent model fitted;
*

Significant (p< 0.05)

1rModeI adjusted for year of diagnosis, and (year of diagnosis as a function of time)

£Mode| adjusted for marital status, year of diagnosis, and (year of diagnosis as a function of time)

¥Mode| adjusted for marital status, follow-up time, year of diagnosis, and (follow-up time and year of diagnosis as a function of time)
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