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Abstract The purpose was to study oral contraceptive
(OC) use in relation to breast cancer events and endocrine
treatment response in a prospective population-based
cohort, because it is unclear whether history of OC use
impacts on prognosis in breast cancer patients. Between
2002 and 2011, 994 primary breast cancer patients without
preoperative treatment were enrolled in Lund, Sweden and
followed until December 2012. History of OC use was
obtained from preoperative questionnaires. Tumor charac-
teristics, clinical data, and date of death were obtained
from pathology reports, patient charts, and population
registries. Among the 948 patients with invasive cancer and
no metastasis detected on the post-operative screen, 74 %
had ever used OCs. Patients were followed for up to nine
years (median follow-up 3 years), and 100 breast cancer
events were recorded. Ever OC use was not associated with
prognosis, irrespective of duration. However, any OC use
before age 20 was associated with a threefold increased
risk for breast cancer events in patients <50 years but not
in patients >50 years (Pipteraction = 0.009). In patients
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>50 years with estrogen receptor positive tumors, previous
OC use at any age was associated with a significantly
decreased risk of breast cancer events among patients who
received aromatase inhibitors compared to patients who
never used OCs (adjusted HR 0.37: 95 % CI 0.15-0.87).
OC use was not associated with tamoxifen-response. If
confirmed, history of OC use may yield valuable prog-
nostic and treatment predictive information in addition to
currently used criteria.
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Introduction

Although the relationship between oral contraceptive (OC)
use and breast cancer incidence has been widely studied,
few studies have investigated the relationship between OC
use prior to the breast cancer diagnosis, tumor character-
istics [1-5], and survival among breast cancer patients [4,
6—10]. The results have been inconsistent.

OCs are widely used in Sweden [11]. About 300 million
women worldwide have used OCs, and the number is
increasing [12]. Thus, it is of great importance to under-
stand the full range of risks and benefits of their effect
associated with their use. OCs were introduced on the
Swedish market in 1964 [13, 14]. The first OCs were high-
dose combined OCs (>75 ng ethinylestradiol), and these
were later replaced by low-dose OCs [15].

The breast is especially sensitive to hormonal stimuli,
including OCs, between menarche and first full-term
pregnancy [16]. For example, women who used OCs before
age 20 or before their first child had an increased risk of
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developing breast cancer at an early age, compared to
women who started later or never used OCs [17, 18]. OC
use has also been shown to have an impact on tumor
characteristics and molecular subtypes of breast cancer,
although results of previous studies have been contradic-
tory [19-21].

Choice of adjuvant treatment is currently based on
tumor characteristics and menopausal status [22]. Most
patients with hormone receptor positive tumors are offered
endocrine treatment, often either the selective estrogen
receptor modulator tamoxifen (TAM) or aromatase inhib-
itors (AI). Some studies suggest that Als are more effective
than TAM in preventing relapse in postmenopausal women
[23-25]. To our knowledge, there are no studies investi-
gating whether prior OC use impacts on endocrine treat-
ment response, and history of OC use is not considered
when selecting the type of endocrine treatment.

The aim of this study was to determine whether history
of OC use impacts on breast cancer prognosis and endo-
crine treatment response in breast cancer patients, and if so,
whether any association was modified by age at first use,
time since OC start or duration of use.

Materials and methods

Patients diagnosed with primary breast cancer at Skane
University Hospital in Lund were invited to take part in an
on-going prospective cohort study, which started in Octo-
ber 2002. One aim of the study was to explore non-genetic
factors and their prognostic and predictive values. The
study was approved by the Lund University Ethics Com-
mittee (LU75-02, LU37-08, LU658-09, LU58-12, LU379-
12), and written informed consents were obtained from all
participants.

This paper is based on a study population of 994 patients
included between October 8, 2002 and December 31, 2011.
Patients with treatment prior to surgery (n = 51) were not
included since this could influence tumor characteristics.
The flowchart in Fig. 1 shows the study population in the
various analyses.

The patients were asked to fill-out a three-page preop-
erative questionnaire including questions on intake of
medications during the last week, preoperative smoking
and alcohol intake, reproductive history, use of hormonal
contraception, and treatment for menopausal symptoms. A
research nurse measured height, weight, hip and waist
circumferences, and breast volume [26] prior to surgery.
Patients also completed post-operative follow-up ques-
tionnaires including information on current treatment.

Information on ever use and current use of OCs was
collected. Other information included starting age, duration
of use before age 20, duration of use before the first child,
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and total duration of use. If the patient responded to the
question about starting age with an interval, the mean value
was entered, truncated to a full year. Duration of use was
recorded in months; if an interval was reported, the mean
value was entered. It was assumed that patients did not take
OCs during pregnancy and the post-partum period. Some
patients did not take a full-term pregnancy into account
when providing duration of use, and provided inconsistent
answers. For example, a patient reported an OC start age of
16 years, duration of use of 4 years prior to age 20, and a
full-term pregnancy at age 18. In such cases, 12 months of
use were deducted. In nulliparous women, all OC use was
considered to be before the first child. Questions regarding
OC use did not differentiate between combined OCs and
OCs containing only progestin. Age 50 was used as a proxy
variable for menopause, since usage of hormonal intra-
uterine device, hormone replacement therapy, and hyster-
ectomy without oophorectomy made it difficult to
determine the actual age at menopause. To examine the
effect of use of OCs with different doses, a proxy variable
was created. High-dose OCs disappeared from the Swedish
market in 1974 [15], and 1974 was used as a cut-off
between high- and low-dose OCs.

Information concerning type of surgery, sentinel node
biopsy, axillary node dissection, and adjuvant treatment
was obtained from clinical records and questionnaires.
Information regarding treatment was registered up to the
last follow-up or death. Treatment was administered
according to the standard of care at Skane University
Hospital during the time the cohort was compiled, and not
randomized. Tumor characteristics, i.e., TNM status, ER
and PgR status, were collected from pathology reports. ER
and PgR status was determined as previously described [27,
28]. Analyses of HER2 amplification were introduced in
routine clinical practice as of November 2005. Analyses
were conducted in patients <70 years with invasive tumors,
with the method previously described [29]. HER2 status
was available for 618 patients. Ki-67 were routinely ana-
lyzed first as of March 2009 and therefore not included in
this study [30]. All tumors were analyzed at the department
of pathology at Skane University Hospital in Lund.

Information on events and deaths were obtained from
patients’ charts, pathology reports, and the Regional Tumor
Registry. Information on date of death was obtained from
the Swedish population register, which is virtually 100 %
complete.

Statistics
Data were analyzed using the IBM Statistical Package for

Social Sciences (SPSS) version 19.0 (SPSS, Inc., Chicago,
IL). Since several of the patient characteristics were not



Breast Cancer Res Treat (2015) 149:505-515

507

994 patients analyzed for patient and tumor
characteristics®

948 patients analyzed for risk of an early event

Included

= = Excluded

38 patients were excluded due to in situ
carcinoma
8 patients were excluded due to metastatic
spread within 3 months of inclusion

Never use of OC
292 patients analyzed for
patient and tumor
characteristics

276 patients analyzed for
risk of breast cancer events

Ever use of OC
701 patients analyzed for
patient and tumor
characteristics

671 patients analyzed for
risk of breast cancer events

OC use before age 20
Yes: 315 patients analyzed
for patient and tumor
characteristics

305 patients analyzed for
risk of breast cancer events

No: 679 patients analyzed
for patient and tumor
characteristics

OC use before the first
child
Yes: 483 patients analyzed
for patient and tumor
characteristics

467 patients analyzed for
risk of breast cancer events

No: 508 patients analyzed
for patient and tumor

characteristics
643 patients analyzed for
risk of breast cancer events 478 patients analyzed for

risk of breast cancer events

* OC-status missing for one patient

Fig. 1 Flowchart of patients

normally distributed, the median and interquartile ranges
are presented.

OC use was examined using different cut-off categories:
ever use (yes/no), use before age 20 (yes/no), and use before
the first child (yes/no). Patient and tumor characteristics were
analyzed in relation to the different categories of reported
OC use. Body mass index (BMI) was calculated as weight in
kilograms divided by height in square meters. Waist to hip
ratio (WHR) was calculated as waist circumference divided
by hip circumference. TNM status included pathological,
i.e., invasive tumor size [<20 mm, 21-50 mm, >51 mm,
muscle or skin involvement, or >21 mm or muscle or skin
involvement (yes/no)], pathological axillary lymph node
involvement [0, 1-3, 4 + or axillary lymph node involve-
ment (yes/no)], histological grade [I-III or grade III (yes/
no)], and hormone receptor status [ER +/PgR + , ER +/
PgR—, ER—/PgR—, ER—PgR + , ER +, and PgR +].

Pearson’s Chi-squared test was used for analysis of cate-
gorical variables in relation to OC use, and Fisher’s Exact Test
was used when the expected number of patients was small.
Since several of the continuous variables were not normally
distributed, the Mann—Whitney U test was used for univari-
able analyses. The multivariable analyses variables that were
not normally distributed were either transformed using the
natural logarithm or categorized in the multivariable analyses.

A breast cancer event was defined as a local or
regional recurrence, contralateral breast cancer, or distant

metastasis. Risk of breast cancer events was calculated
from time of inclusion until an event or last follow-up or
death, prior to January 1st, 2013. Patients were censored
at the time of death due to a non-breast cancer-related
cause. Analyses of risk of breast cancer events were
performed on 948 patients after exclusion of patients with
carcinoma in situ (n = 38) or metastatic spread within
three months of surgery (n = 8).

Kaplan—Meier was used for univariable analysis of risk
of breast cancer events in relation to OC use. Adjusted
hazard ratios (adjHR) with 95 % confidence intervals (CI)
were obtained with Cox Regression. Adjustments were
made for tumor -characteristics: invasive tumor size
>21 mm or skin or muscular involvement (yes/no), any
axillary lymph node involvement (yes/no), histological
grade III (yes/no), and positive ER-status (yes/no).
Adjustments were also made for patient characteristics:
age (continuous) and BMI >25 kg/m2 (yes/mo). In the
analyses of risk of breast cancer events, age 50 and above
and different categories of OC use were first analyzed as
independent variables. Secondly, interaction variables
(multiplicative) were created to analyze whether there
were interactions between age 50 and above at diagnosis
and timing of OC use.

A P value of <0.05 was considered significant. All
P values were two-tailed. Nominal P values without
adjustment for multiple testing are presented.
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Results
Patient characteristics in relation to history of OC use

Patient characteristics differed according to OC status,
regardless of whether OC status was classified according to
ever use, use before age 20, or use before the first full-term
pregnancy, Table 1. In general, the patients who had used
OCs were younger when diagnosed, taller, had a lower
BMI, WHR, and breast volume, had more often given
birth, were more often smokers, and abstained less often
from alcohol.

Tumor characteristics in relation to history of OC use

Most of the tumor characteristics did not differ signifi-
cantly between the different categories of OC status,
Table 2. Ever OC users had significantly smaller tumors.
There was a significantly higher frequency of grade III
tumors in patients with OCs use before age 20 or before the
first child, compared to patients with later start or never
use.

Risk for early breast cancer events in relation to history
of OC use

The patients were followed for up to nine years with a
median follow-up time of 3.03 (interquartile range
1.93-5.23) years in the 948 patients with invasive cancer
and no distant metastasis within 3 months of surgery. In
total, 100 patients had a breast cancer event during the
follow-up, 65 of these patients had distant metastases.
Ever OC use, OC use before the first child, or OC use
before age 20 were not associated with overall risk of
breast cancer events. In order to study whether previous
OC use had differential impact on prognosis depending on
menopausal status, the patients were stratified according to
age 50 years. Seventy of the breast cancer events were
observed in patients >50 years and 30 in the younger
patients. There was no association with ever OC use or use
before the first child and risk of breast cancer events in the
patients >50 years. Among the patients <50 years, the
results were similar with no significant association between
ever OC use or use before the first child and risk of breast
cancer events. However, OC use before age 20 was asso-
ciated with a non-significantly decreased risk of breast
cancer events (Log Rank, P = 0.25; adjHR 0.70: 95 % CI
0.33-1.46), among patients >50 years, while in younger
patients, it was associated with a threefold higher risk of
breast cancer events (Log Rank, P = 0.049; adjHR 3.26:
95 % CI 1.06-10.01; Piperaction = 0.009), see Fig. 2a, b
and Table 3. Similarly, there was no association between
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distant metastases and OC use prior to age 20 among
patients >50 years, and there was a significantly increased
risk in younger patients (Log Rank P = 0.018; adjHR 8.74:
95 % CI 1.03-74.43; Piperaction = 0.017).

Overall, in patients with OC start 1974 or later, the risk
of breast cancer events was approximately twofold (adjHR
2.13 95 % CI 1.21-3.74) compared to patients who started
OCs prior to 1974 or never used OCs. Among the patients
>50 years, OC start 1974 or later was associated with an
increased risk of breast cancer events (adjHR 2.29 95 % CI
1.02-5.14) compared to patients who never used OCs,
while there was no association between OC start prior to
1974 and increased risk of breast cancer events (adjHR
0.96 95 % CI 0.55-1.67). In patients <50 years, OC start
1974 or later was also associated with higher risk for breast
cancer events than OC start prior to 1974. However, this
was not significant due to the small number of patients with
OC start prior to 1974 in this age group. The duration of
OC use was not significantly associated with breast cancer
events, neither in patients >50 years nor in the younger
patients.

Response to endocrine treatment in relation to history
of OC use

The response to endocrine treatment, defined as risk of
breast cancer events, was then investigated in relation to
previous OC use. The association between OC use and
endocrine treatment response to TAM or Als was first
analyzed among the 670 patients aged 50 years or older,
with ER-positive tumors. There were 372 patients who
received TAM-treatment, and 277 patients who received
Al-treatment. OC use was not significantly associated with
risk of breast cancer events among patients who received
TAM-treatment (Log Rank P = 0.46; adjHR 0.82: 95 %
CI 0.37-1.82), adjusted for tumor and patient characteris-
tics, and Al-treatment, see Fig. 3a. However, OC use was
associated with a significantly decreased risk of breast
cancer events among patients who received Al-treatment
(Log Rank P = 0.041; adjHR 0.37: 95 % CI 0.15-0.87)
adjusted for tumor and patient characteristics, and TAM-
treatment, see Fig. 3b.

In the 155 patients younger than 50 years with ER-
positive tumors, there were 20 events. Nineteen out of
these 20 events were observed in the patients who had
previously used OCs. Further, there were only 12 of these
155 younger patients who had never used OCs. Taken
together with the fact that Al-treatment is rarely prescribed
to premenopausal patients, no further analyses on any
potential effect modification by OCs with respect to
response to TAM or Als were conducted among the
younger patients.
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Fig. 2 Kaplan—Meier survival curves showing that a OC use before
age 20 was associated a non-significantly decreased risk of breast
cancer events among patients >50 years (Log Rank, P = 0.25;
adjusted HR 0.70 (95 % CI 0.33-1.46), adjusting for tumor and
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NoOC n= 55 51 42 32 25 24 15 15 5 5 5
oc n= 133 116 87 70 46 36 20 19 4 4 25

patient characteristics and b OC use before age 20 was associated
with a significantly higher risk of breast cancer events among patients
<50 years (Log Rank, P = 0.049; adjusted HR 3.26 (95 % CI
1.06-10.01), adjusting for tumor and patient characteristics

Table 3 Multivariable analysis
of risk for breast cancer events
in relation to OC use before age
20 years in 760 patients aged
50 years or older and in 188

Patients >50 years Patients <50 years

HR 95 % CI HR 95 % CI

Lower Upper Lower Upper

patients younger than 50 years OC use before age 20 years

0.70 0.33 1.46 326 1.06 10.01

Invasive tumor size >21 or muscle or skin involvement 1.99 1.21 3.29 141 0.59 3.40

Axillary nodal involvement
Histological grade III
ER-status

Age, years

BMI >25 kg/m’

1.37 0.84 224 1.44 0.61 3.42
1.51 0.82 2.77 2779 1.20 6.49
0.56 0.28 1.13 0.69 0.28 1.71
0.99 0.96 1.03 095 0.89 1.01
1.36 0.83 223 098 045 2.17

Discussion

In this study, early OC use was associated with a signifi-
cantly increased risk of breast cancer events in patients
<50 years, but not in older patients. Moreover, in patients
>50 years with ER-positive tumors, previous OC use was
associated with a significantly better response to Al-treat-
ment. In contrast, the response to TAM-treatment was not
associated with prior OC use.

The interaction between age at diagnosis, OC use before
age 20, and risk of breast cancer events could be due to use
of OCs with different doses. As previously stated, high-
dose OCs disappeared from the Swedish market in 1974
[15]. The data suggest that low-dose OCs may confer
worse prognosis than high-dose OCs in the present study,
even though the model was adjusted for age at diagnosis,
and patient and tumor characteristics. However, the use of

a proxy variable for high- and low-dose OCs has its limi-
tations and may lead to some misclassification. It is pos-
sible that patients with OC start prior to 1974 switched to
low-dose OCs later on, and it is also possible that patients
started to use low-dose OCs before 1974. The differential
effects of OC use prior to 1974 and age at diagnosis were
also hard to tease apart, since patients <50 years were
significantly less likely to have started OCs prior to 1974
than patients >50 years. This cohort started in 2002, and
therefore, most of the young patients had started any OC
use after 1974. Most patients with OC start prior to 1974
and who were diagnosed <50 years were therefore not
included in the cohort.

Never users and patients who started OC use at age
20 years or older were generally older at diagnosis. Most of
the significant differences in patient characteristics could,
to some extent, be explained by the significant age
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Fig. 3 Kaplan—Meier survival curves showing that a OC use was not
significantly associated with risk of breast cancer event among
patients who received TAM-treatment (Log Rank P = 0.46; adjHR
0.82: 95 % CI 0.37-1.82), adjusted for tumor and patient character-
istics, and Al-treatment and b OC use was associated with a

difference [31-35]. The patients >50 years were more
likely to have used treatment for menopausal symptoms.
Studies have suggested that previous treatment for meno-
pausal symptoms has a favorable influence on the prog-
nosis of breast cancer [36, 37], which could have
influenced the results in the patients >50 years. However,
research has also implicated no difference in prognosis
whether the patients received treatment for menopausal
symptoms or not [38]. In the present study, there was no
difference in risk of breast cancer events among patients
>50 years, whether or not these patients had received prior
treatment for menopausal symptoms (data not shown).

There was no association between OC duration before
age 20 and increased risk of breast cancer events. This
conclusion is in line with those of previous studies inves-
tigating the relationship between duration of ever use and
mortality [6, 7]. Patients who used OCs before age 20 and
those who used OCs before the first child constitute two
groups that partly overlap, but the association between OC
use and risk of breast cancer events could only be detected
in the patients with OC use before age 20. This is in line
with a study by Jernstrom et al. [17], where OC use had the
greatest impact on breast cancer risk before age 20.

Early OC use may have different effects on the breast
tissue depending on the genetic profile of the woman. Early
OC use may alter hormonal levels such as those of insulin-
like growth factor-1, estrogen, and androgens, or alter the
expression of their respective receptors, thereby affecting
tumor progression, age at diagnosis, and prognosis [19, 39—
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significantly decreased risk of breast cancer events among patients
who received Al-treatment (Log Rank P = 0.041; adjHR 0.37: 95 %
CI 0.15-0.87) adjusted for tumor and patient characteristics, and
TAM-treatment

42]. Previous studies have come to various conclusions
regarding whether there is an elevated risk for developing
triple-negative breast cancer in patients with former OC use
[1-3, 20, 21]. In the present study, there was no significant
difference regarding ER and PgR negativity between the
group with prior OC use and the group with no use. How-
ever, patients with ever OC use had smaller tumors, which
is in line with a previous study [10]. The patients with OC
use before age 20 or OC use before the first child had more
often grade III tumors. These patients also had a longer
duration of OC use compared to ever users. A similar pat-
tern was seen in the study by Schonborn et al., where long-
term OC use was significantly associated with poorly dif-
ferentiated tumors, but a better prognosis [4].

Response to endocrine therapy was analyzed among
patients 50 years and older with ER-positive tumors, since
Al and TAM both are potential treatment options in this
group of patients. Both TAM and Al may have several side
effects, and unnecessary treatment should be avoided [43,
44]. In the present study, a significant effect modification
of OC use on Al-treatment response was observed. The Al-
treated patients with previous OC use had proportionally
fewer events, compared to patients without previous OC
use. No difference in TAM-response depending on OC
status was observed. There was no significant difference in
duration of Al-treatment between patients with and without
previous OC use that could explain the difference in Al
response (data not shown). Moreover, adjusting the mul-
tivariable models for preoperative alcohol use, smoking, or
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WHR did not materially change the results (data not
shown). To our knowledge, no other study has reported an
interaction between OC use and response to endocrine
treatment, and the mechanism behind the interaction is
unknown. OCs may induce long-lasting changes in hor-
mone or hormone receptor levels, which may contribute to
the therapeutic efficacy of Al-treatment [19, 45—47].

This study has several strengths. Patients of all ages
were included, in contrast to several other studies [6, 8, 9].
The study can be considered population-based, since
breast cancer patients are not referred to other hospitals
for surgery. The majority of patients with primary breast
cancer receiving surgery in Lund were included in the
study. The main reason for non-inclusion was lack of
available research nurses. Included and non-included
patients were comparable with respect to age and hormone
receptor status [30]. Use of OCs was self-reported, and
although accurate recall was not certain, the data are more
complete than data collected from patient charts. Infor-
mation on OC use was collected preoperatively and prior
to any event that could have had an impact on the recall of
OC use.

This study has some limitations. Since this is an
exploratory study, no correction for multiple testing was
performed, and the results need to be confirmed in an
independent material. The questionnaire did not provide
any information on the specific OC formulas used. The
median follow-up time was relatively short. It has been
shown that most breast cancer recurrences occur within the
first 5 years following surgery [48]. However, tumors with
ER-positivity are associated with late events [49]. A longer
follow-up is needed to provide further knowledge of OCs’
effects with respect to long-term prognosis. Some patients
did not adhere to endocrine adjuvant treatment [50], but
non-adherence did not account for the results (data not
shown).

Use of OCs is more common in more developed coun-
tries, exceeding 80 % in some countries [12]. Therefore,
the results may not be generalizable to breast cancer
patients in all countries.

In conclusion, early OC use was associated with a
threefold increased risk of breast cancer events in patients
younger than 50 years. In older patients with ER-positive
tumors, response to Al-treatment, but not TAM, was
dependent on previous OC use. Al-treatment seemed to
decrease the risk for breast cancer events in patients with
previous OC use, but not in patients without previous OC
use. If these results are confirmed in other patient popu-
lations, history of OC use may yield valuable prognostic
information in addition to currently used criteria for
treatment selection. New prognostic and treatment predic-
tive markers could lead to better tailored endocrine therapy
for breast cancer patients.
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