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Abstract
Objectives To investigate effects of menopausal status, oral
contraceptives (OC), and postmenopausal hormone therapy
(HT) on normal breast parenchymal contrast enhancement
(CE) and non-mass-like enhancing areas in magnetic reso-
nance mammography (MRM).
Methods A total of 459 female volunteers (mean age 49.1±
12.5 years) underwent T1-weighted 3D MRM 1–5 min after
bolus injection of gadobutrol. Quantitative analysis was per-
formed in normal breast parenchyma by manually tracing
regions of interest and calculating percentage CE. Semiquanti-
tative analysis was performed in non-mass-like enhancing
areas, and signal intensity changes were characterised by five
predefined kinetic curve types. The influence of OC (n069) and
HT (n024) on CE was studied using random effects models.
Results Breast parenchymal enhancement was significantly
higher in premenopausal than in postmenopausal women
(P<0.001). CE decreased significantly with the use of OC
(P00.01), while HT had negligible effects (P00.52). Prev-

alence of kinetic curve types of non-mass-like enhancement
differed strongly between pre- and postmenopausal women
(P<0.0001), but was similar in OC users and non-OC users
(P00.61) as well as HT users and non-HT users (P00.77).
Conclusions Normal breast parenchymal enhancement and
non-mass-like enhancing areas were strongly affected by
menopausal status, while they were not affected by HT use
and only moderately by OC use.
Key Points
• Breast parenchymal enhancement at MR mammography is
stronger in premenopausal than postmenopausal women.

• The prevalence of strong enhancing non-mass-like areas is
greater before menopause.

• Such enhancing non-mass-like areas may impair lesion
detection in premenopausal women.

•Breast parenchymal enhancement is only marginally affected
by hormone use.

• Discontinuation of hormone use before MR mammography
may be unnecessary.
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Abbreviations
ATC Anatomical Therapeutic Chemical

classification system
BI-RADS Breast Imaging-Reporting and Data System
BMI Body mass index
CE Contrast enhancement
HT Postmenopausal hormone therapy
MRM Magnetic resonance mammography
OC Oral contraceptives
ROI Region of interest
TWIST Time-resolved angiography with

stochastic trajectories
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Introduction

Dynamic magnetic resonance mammography (MRM) is the
most sensitive method for detecting early invasive breast
cancer [1], combining morphological information with func-
tional characterisation based on analysis of contrast en-
hancement kinetics of the breast. With the increasing use
of MRM for screening of asymptomatic women at high risk
for breast cancer, a thorough understanding of tissue mor-
phology and contrast kinetics in normal breast tissue
becomes more important.

Normal parenchyma typically shows non-mass-like en-
hancement [2]. The Breast Imaging-Reporting and Data
System (BI-RADS) categorises this enhancement as mini-
mal, mild, moderate, or marked, while patterns are described
as diffuse, patchy, or nodular [3]. Benign and malignant
enhancement profiles overlap [4, 5], and early and strong
parenchymal enhancement, in particular, may complicate
differential diagnosis and obscure malignant lesions [5–9].
For use of MRM in screening, it is especially desirable to
have comprehensive qualitative and quantitative data on
morphological and kinetic features of the healthy breast
from a large, unselected population of women; however,
such studies are scarce [10, 11].

Several studies show that endogenous hormonal varia-
tions, dependent on menopausal status and menstrual cycle
phase, affect breast tissue composition [12–14], tissue re-
laxation times [15] and apparent diffusion coefficient [16],
and contrast enhancement kinetics of normal breast paren-
chyma [17, 18] and of breast lesions [2, 19] in MRM.

Exogenous hormones, such as hormone therapy (HT) in
postmenopausal women, are well known to increase breast
density in X-ray mammography by 8.7–35.6% [20] and
parenchymal tissue-to-fat ratio in MRM [21]. Although
HT and oral contraceptives (OC) are widely used, only a
few studies have evaluated effects of HT [10, 22], and no
study has determined effects of OC on contrast enhancement
of normal breast parenchyma in MRM.

Therefore, the purpose of the present study was first to
investigate effects of menopausal status and second to eval-
uate effects of OC and HT on contrast enhancement kinetics
of normal breast parenchyma and non-mass-like enhancing
areas in MRM.

Materials and methods

Study population

Between June 2008 and September 2011, all women were
enrolled from the Study of Health in Pomerania (SHIP), a
prospective population-based cohort study in Northeast Ger-
many [23] that includes a whole-body MRI examination. In

addition to the whole-body MRI, women were offered par-
ticipation in an optional MRM [24]. Women with known
reactions to any kind of contrast agent or drugs, and preg-
nant or breastfeeding women were not offered MRM. Of
1,475 female study participants, aged 20–83 years, who
were enrolled in the whole-body MRI examination, a total
of 651 (44.1%) agreed to undergo additional MRM.

All women underwent a structured interview to obtain
information on history of breast diseases, history of breast
surgery including breast implants, menopausal status, day of
the menstrual cycle, and medication history. All participants
were asked to bring the packaging from medication they had
taken within the last 14 days. For each medication the
Anatomical Therapeutic Chemical (ATC) classification sys-
tem code was recorded. Menopause was defined as cessa-
tion of menstrual bleeding for at least 12 months. Body
height and weight were measured, and the body mass index
(BMI) was calculated.

SHIP was approved by the institutional review board, and
written informed consent was obtained from each partici-
pant before enrolment.

Dynamic contrast-enhanced MR mammography
examination

MR imaging was performed using a whole-body 1.5 Tesla
MR system (Magnetom Avanto; Siemens Medical Solu-
tions, Erlangen, Germany). Intravenous access was estab-
lished, and the woman was placed prone with the
uncompressed breasts suspended in a commercial four-
channel circularly polarised bilateral breast phased-array
receiver coil. The protocol was identical for all participants
and included axial dynamic, T1-weighted, time-resolved
angiography with stochastic trajectories (TWIST) and
three-dimensional imaging without fat suppression
[8.86 ms/4.51 ms (repetition time/echo time); 25° flip angle;
340 mm field of view; 0.9×0.7×1.5 mm voxels]. Following
acquisition of the first unenhanced sequence, an intravenous
gadobutrol bolus (Gadovist, Bayer Healthcare, Leverkusen,
Germany) was administered with a power injector at a dose
of 0.1 mmol/kg body weight at a rate of 1.0 mL/s, followed
by a saline flush (20 mL) injected at the same rate. The
sequence was repeated five times without time gaps. Each
sequence took 58.27 s.

Inclusion and exclusion criteria for data analysis

Inclusion criteria for analysis of normal breast parenchyma
were female gender and age 20 years or older. Breast-related
exclusion criteria were history of recent or previous breast
disease or history of breast surgery including breast implants
(n012), breasts with complete involution precluding mea-
surement of representative parenchyma (n068), and breasts
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with mass lesions according to the BI-RADS MRI lexicon
[3] (n097). Perimenopausal women with cessation of men-
strual bleeding for less than 12 months (n015) were also
excluded. A total of 192 (29.5%) subjects were excluded
from analysis, resulting in a final study population of 459
women.

Quantitative analysis of contrast enhancement in normal
breast parenchyma

To limit possible bias in the reproducibility of measurement
resulting from variable repartitioning of fibroglandular tis-
sue throughout the breast, measurements were performed in
two slices above and two slices below the nipple, where
breast tissue is usually constant and more homogeneous [18,
22]. First, images were postprocessed for quantitative anal-
ysis using the Syngo 2008A MultiModality Workplace (Sie-
mens Medical Solutions, Erlangen, Germany). Image
subtraction was done to identify any non-mass-like en-
hancement that was excluded from the analysis of normal
breast parenchyma. Non-mass-like enhancement was de-
fined as early-phase contrast enhancement that was apparent
in the first postcontrast image because this has been associ-
ated with malignant tumour growth [5, 18, 22, 25, 27, 28].
Second, a region of interest (ROI) was drawn manually to
include all fibroglandular tissue of the breast in the four
slices selected. Visible fat and cysts identified on the unen-
hanced image without subtraction or non-mass-like en-
hancement identified on the first postcontrast image with
subtraction were excluded (Fig. 1). Third, a time-signal
intensity curve was created automatically for each ROI on
a pixel-by-pixel basis representing mean values of T1 signal
intensity (SI) and standard deviations for all dynamic
frames. Percentage contrast enhancement was calculated as
[SI(t1–5)−SI(t0)]/SI(t0)×100, where SI(t0) is the signal intensi-
ty before and SI(t1–5) after gadobutrol administration [17, 18,
22]. To exclude inter-reader variability only one radiologist
performed all readings.

Semiquantitative analysis of non-mass-like enhancement

Semiquantitative analyses were performed for all non-mass-
like enhancing areas and foci visible on subtracted images.
A ROI was placed in each area of non-mass-like enhance-
ment and focus. Five kinetic curve types of contrast en-
hancement were defined according to Kaiser and Zeitler
[25] (Fig. 2). Kinetic curve types I–III are typical for benign
lesions, whereas kinetic curve type IV is suspicious, and
kinetic curve type V is highly suspicious for malignancy in
MRM [25]. When several non-mass-like enhancing areas or
foci with different curve types were present within one
breast, the curve type most suspicious for malignancy was
chosen for evaluation.

Statistical analysis

Because the time courses of contrast enhancement were sim-
ilar in both breasts, we modelled the mean contrast enhance-
ment across both breasts in all further analyses. Two-level
random effects models were applied to analyse contrast en-
hancement in both breasts, using the STATA xtmixed routine
with six time points at level 1 and individuals at level 2. This
approach takes the correlated longitudinal data structure into
account [26]. All calculations were stratified by menopausal
status, except for the test on CE differences between pre- and
postmenopausal women. Regression model building was
based on deviance tests using restricted maximum likelihood
estimates to evaluate variance components of the model. A
random intercept model strongly outperformed a model with-
out random effects in premenopausal ( χ2 0 2,208.56, df 0 1,
P<0.001) and postmenopausal women ( χ2 0 2,734.36, df 0
1, P<0.001), as did a linear time random slope model vs. the
random intercept model (premenopausal: χ2 0 968.81, df 0 2,
P<0.001; postmenopausal:χ2 0 382.15, df 0 2,P<0.001). An
unstructured covariance matrix was chosen because it out-
performed an independent matrix in the random slope model
(premenopausal: χ2 0 12.60, df01, P<0.001; postmenopaus-
al: χ2 0 7.02, df 0 1, P<0.001). Full maximum likelihood
estimation was used to evaluate fixed-effects terms in the
models. All models included age and BMI. Prevalence differ-
ences in the five kinetic curve types between OC/HTusers and
non-OC/HT users were assessed using χ2 test.

A P-value <0.05 was labelled statistically significant.
Analysis was performed using STATA 12 (StataCorp, Col-
lege Station, TX, USA) and SPSS 15.0.1 (SPSS Software,
Munich, Germany).

Results

Subject characteristics and descriptive statistics are listed in
Table 1. Out of 459 women, 234 (51.0%) were premeno-
pausal and 225 (49.0%) were postmenopausal. Hormonal
contraceptive use (ATC G03A) was reported by 69 premen-
opausal women. There were 24 women using postmeno-
pausal hormone therapy: 12 women using estrogens only
(ATC G03C) and 12 women progestogens and estrogens in
combination (ATC G03F). No case of progestogens only use
(ATC G03D) was recorded. No woman reported adverse
events from gadobutrol administration.

Quantitative analysis of contrast enhancement in normal
breast parenchyma

Contrast enhancement of normal breast parenchyma was
approximately 30% higher in premenopausal than in post-
menopausal women (P<0.001). Mean enhancement was
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6.07, 10.72, 14.88, 18.27, and 20.27% in postmenopausal
women and 11.51, 19.83, 25.54, 30.13, and 33.74% in

premenopausal women at 1, 2, 3, 4, and 5 min after contrast
respectively. Note that age effects on contrast enhancement
were negligible in both pre- (P00.89) and postmenopausal
women (P00.73).

Hormone-related changes in absolute signal intensities
stratified by menopausal status are displayed in Table 2.
Before menopause, contrast enhancement was significantly
lower in OC users compared to non-OC users (P00.01,
Fig. 3). Differences in contrast enhancement between these
groups were mainly due to a significantly lower increase
from baseline and the first minute after contrast injection in
OC users. After menopause, enhancement was similar in HT
users and non-HT users (P00.52, Fig. 3). A subanalysis of
HT compositions yielded similar results for estrogen-only
users (P00.43) and for users of progestogens and estrogens
in combination (P00.63).

The menstrual cycle phase was distributed randomly in
premenopausal women. The association with contrast enhance-
ment was negligible in size (χ2 0 7.7, df 0 10, P00.66) even
when taking account of potential nonlinear associations.

Semiquantitative analysis of non-mass-like enhancement

Non-mass-like enhancement and foci were observed in all
examinations and were mostly symmetrical in both breasts.

Fig. 1a–d Method of
quantitative analysis of contrast
enhancement in normal breast
parenchyma. Figures show how
the region of interest (ROI) was
drawn to measure T1 signal
intensity of normal breast
parenchyma in two women
aged 34 years (a and b) and
43 years (c and d). In case one,
on the unenhanced image
without subtraction (a) no cysts
were seen, and on the first
enhanced image with
subtraction (b) no non-mass-
like enhancement was identi-
fied. Therefore, the manually
drawn ROI included all visible
parenchyma (a). In case two, on
the first postcontrast image with
subtraction (d) non-mass-like
contrast enhancement was
identified at the lower boundary
of the parenchyma. Therefore,
the ROI was drawn on the
unenhanced image without
subtraction (c) exclusive of the
enhancing area in d

Fig. 2 Predefined curve types of contrast enhancement behaviour.
Curve type I Minimal continuous contrast enhancement up to 25%;
curve type II weak continuous contrast enhancement of 26–60%; curve
type III strong continuous contrast enhancement of 61–80%; curve type
IV strong continuous contrast enhancement of more than 80% during
the first 2 min after contrast medium injection, followed by a plateau;
curve type V strong continuous contrast enhancement of more than
80% during the first 2 min after contrast medium injection, followed by
washout
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In 21 women non-mass-like enhancement showed sugges-
tive morphology, meaning linear, ductal, or segmental dis-
tribution pattern with clumped or dendritic internal
enhancement pattern according to BI-RADS [3]. These
lesions were not excluded from the analysis because
follow-up 3 months later with mammography and MRM
revealed no malignant tumour growth. None of the non-
mass-like enhancing areas or foci showed kinetic curves
corresponding to a plateau phenomenon (type IV) or wash-
out effect (type V). The distribution of kinetic curve types
differed strongly between pre- and postmenopausal women
(P<0.0001, Fig. 4). In premenopausal women curve types II

and III were more common. Subgroup analysis showed
marginal differences in the distribution of curve types be-
tween OC users and non-OC users (P00.61) as well as
between HT and non-HT users (P00.77, Fig. 5).

Discussion

Our analysis of 459 MRM datasets of women from a general
population indicates that contrast enhancement of normal
breast parenchyma and prevalence of non-mass-like en-
hancement are significantly affected by menopausal status.
OC are associated with significantly lower parenchymal
enhancement but had no effects on the prevalence of non-
mass-like enhancement.

Table 1 Subject characteristics and descriptive statistics

Total (n0459) Premenopausal women Postmenopausal women

Non-OC users (n0165) OC users (n069) P-valuea Non-HT users (n0201) HT users (n024) P-valuea

Age (years) 40.96 (39.88–42.04) 35.87 (34.20–37.54) <0.001** 58.96 (57.87–60.05) 57.88 (54.72–61.03) 0.53

Body height (cm) 166.60 (165.68–167.52) 166.90 (165.48–167.51) 0.73 162.23 (161.39–163.06) 163.00 (160.54–165.38) 0.56

Body weight (kg) 69.71 (67.83–71.59) 68.30 (65.39–71.21) 0.43 69.38 (67.75–71.01) 73.08 (68.37–77.80) 0.15

BMI (kg/m2) 25.10 (24.48–25.79) 24.48 (23.52–25.44) 0.29 26.35 (25.77–26.93) 27.50 (25.82–29.18) 0.20

Data are given as mean values (± 95% CI)

BMI Body mass index, HT postmenopausal hormone therapy, OC oral contraceptives
a Differences between groups were tested for significance using t-test, **P<0.01

Table 2 Hormone-related changes in absolute signal intensity strati-
fied by menopausal status

Premenopausal women Postmenopausal women
Variables βa (SE) βa (SE)

Fixed part

Timeb 49.78** (2.65) 35.73** (1.75)

OC 2.44 (5.15)

I: OC × Tc −5.34* (5.05)

HT −16.77 (8.78)

I: HT × Tc 1.24 (5.38)

Constant 152.34 (2.70) 185.03 (2.86)

RI 33.23 (1.58) 39.56 (1.91)

RS (time) 6.32 (0.32) 4.33 (0.25)

Corr. RI, RS 0.13 (0.07) 0.18 (0.07)

Log likelihood −5,723.52 −5,553.24

Results are based on a random effects model for the outcome mean
signal intensity in both breasts

SE Standard error, I interaction, OC oral contraceptives, T time, HT
postmenopausal hormone therapy, RI random intercept, RS random
slope, corr correlation

P-values refer to the overall interaction effect; *P<0.05, **P<0.01
a Unstandardised beta weights are reported. Age and body mass index
were included as control variables
b Change from baseline to the last measurement point only
c Only the interaction terms at the last measurement point are displayed

Fig. 3 Variation in contrast enhancement as a function of use of oral
contraceptives (OC) or postmenopausal hormone therapy (HT).
Results correspond to the calculations in Table 2. In non-OC users
mean contrast enhancement was 12.65, 21.14, 27.44, 31.73, and
34.83% at 1, 2, 3, 4, and 5 min respectively. Contrast enhancement
decreased significantly (P00.01) with the use of OC to 8.53, 16.69,
23.25, 27.61, and 30.19%. In non-HT users mean contrast enhance-
ment was 5.83, 10.44, 14.58, 17.78, and 19.89% and was only slightly
higher (P00.52) with the use of HT: 6.98, 12.20, 17.15, 20.78, and
22.74%
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The significant variation in contrast enhancement of nor-
mal breast parenchyma with menopausal status and OC use
underlines the presence of endogenous and, to a lesser
extent, of exogenous hormonal effects on MRM. The mech-
anism of contrast enhancement in tumour and normal breast

parenchyma is mainly related to microvessel density and
permeability [27, 28].

In our study, contrast enhancement was significantly
higher in premenopause than in postmenopause. Physiolog-
ically, the stronger enhancement may be explained by a
histamine-like effect of estrogen, which induces vasodilata-
tion and an increase in microvascular permeability [29], as
well as by a mitogenic effect of progestin, which may lead
to an increase in perfusion by promoting metabolic activity
[30].

The significantly higher prevalence of curve types II and
III non-mass-like enhancement in premenopausal women
suggests that hormonal status also affects areas and foci of
non-mass-like enhancement. This observation is consistent
with recent investigations reporting a higher prevalence of
background enhancement in premenopause compared to
postmenopause [8, 9]. Early and strong parenchymal en-
hancement may complicate differential diagnosis and ob-
scure malignant lesions, which may result in false-negative
breast MRI findings [5–9]. Teifke et al. [31] found a small
proportion of invasive breast carcinomas (7.3%; 3 of 41) to
be masked by intensively enhancing glandular tissue.
Uematsu et al. [9] reported the sensitivity and accuracy of
MRM to decrease significantly in cases with moderate or
marked background enhancement. In particular, contrast-
enhancing areas that present with a similar non-mass-like
morphology, such as preinvasive ductal carcinoma in situ,
pose diagnostic problems [5, 6]. Ductal carcinoma in situ,
especially when low-grade, may be obscured because it may
present with patchy continuous enhancement [5, 32], resem-
bling the non-mass-like enhancement of normal breast pa-
renchyma we found to be more prevalent in premenopause.
On the other hand, a suspicious finding in premenopausal
women is more likely to be a false positive, possibly result-
ing in unnecessary biopsy or surgery [7].

In our study, HT had negligible effects on contrast en-
hancement of normal breast parenchyma, whereas Delille et
al. [22] reported a higher extraction flow product (EFP) of
non-diseased breast parenchyma in postmenopausal women
receiving HT. The EFP represents the blood volume passing
the parenchyma per unit of time and is based on a multi-
compartment model established by Hulka et al. [27]. How-
ever, results are not directly comparable: methods of mea-
suring contrast enhancement and EFP differ, and while our
analysis was performed in a small number of women (n024)
recruited from the general population, Delille et al. per-
formed EFP measurements in the presumably healthy con-
tralateral breasts of patients. Further studies must show
whether EFP or contrast enhancement measurement is more
adequate to determine HT effects on breast parenchyma.

We found a significantly lower contrast enhancement in
OC users compared to non-OC users, which is consistent
with a previous report by Marklund et al. [33]. They

Fig. 4 Distribution of kinetic curve types of non-mass lesions in pre-
and postmenopausal women. Of all premenopausal women, 101
(43.2%) showed curve type I, 101 (43.2%) were classified as
curve type II, and 32 (13.6%) showed curve type III. Of all postmen-
opausal women, 148 (65.8%) showed curve type I, 70 (31.1%)
were classified as curve type II, and 7 (3.1%) showed curve type III.
Differences between the two groups were statistically highly signifi-
cant (P<0.0001)

Fig. 5 Distribution of kinetic curve types of non-mass lesions accord-
ing to the use of oral contraceptives (OC) and postmenopausal hor-
mone therapy (HT). The distribution of curve types was not
significantly different between non-OC users and OC users (P00.61):
curve types I, II, and III were observed in 68 (41.2%), 76 (46.1%), and
21 (12.7%) non-OC users and in 33 (47.8%), 25 (36.2%), and 11
(16.0%) OC users. In postmenopausal women, the distribution of curve
types was also not significantly different between non-HT users and
HT users (P00.77): curve types I, II, and III were observed in 132
(65.7%), 62 (30.9%), and 7 (3.4%) non-HT users and in 15 (62.5%), 9
(37.5%), and 0 (0%) HT users
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reported a tendency towards lower maximum signal inten-
sity of normal breast parenchyma in a small group of OC
users (n09) compared to non-OC users (n016). OC have
a lower relative estrogen content than postmenopausal
hormone preparations, whereas the relative progestin con-
tent is higher than in HT [34]. Therefore, breast tissue
perfusion and permeability might be affected more strongly
by progestin in OC users and estrogen in HT users. It is now
generally accepted that the mechanism underlying MRI
contrast enhancement is the extravasation of contrast media
from microvessels into the extracellular matrix [27]. In vitro
studies demonstrated that progesterone reversed the
estradiol-induced lowering of the endothelial cell barrier
function in human placenta [35] and reduced the permeabil-
ity of the blood-brain barrier [36]. Therefore, the reverse
effects of progestin on estrogen-induced microvessel perme-
ability may explain the lower enhancement in OC users.

In a retrospective analysis of 215 postmenopausal
patients, Pfleiderer et al. [10] investigated effects of HT on
contrast-enhancing areas. HT users showed highly signifi-
cant differences in the distribution of curve types compared
to non-HT users but showed no evidence of plateau or
washout kinetic. We also saw no plateau or washout kinetics
in any of the non-mass-like enhancing areas in our study.
Therefore, it seems unlikely that HT or OC would mimic
MR findings typical for breast cancer. In our study, the
distribution of curve types I to III was similar in HT users
and non-HT users. In contrast, Pfleiderer et al. [10] found
more curve type III enhancing areas in HT users (23.3%)
than in non-HT users (3.8%). First, this could be explained
by the different study populations: Pfleiderer investigated a
patient population including two women with ductal carcino-
ma in situ and invasive lobular cancer, whereas we excluded
women with breast lesions. Second, the pharmaceutical form
of hormone medication (combination therapy versus mono-
therapy, oral versus transdermal administration) was different
in the study populations.

As neither OC nor HT use resulted in MR findings
mimicking breast cancer, increased the prevalence of strong-
ly enhancing non-mass-like lesions, or led to stronger en-
hancement of normal breast parenchyma, discontinuation of
HT or OC prior to MRM does not seem to be necessary.
However, further research is definitely needed to confirm
these observations and to support our conclusion.

Our study has some limitations. Since analyses were
performed in a general population our groups of OC users
and HT users represent the prevalence of hormone medica-
tion use in this region. But both groups were probably too
small to provide enough statistical power to reliably detect
subtle differences in curve type distributions. Because HT
effects on EFP were found to be different for monotherapy
and combined therapy [22], the small group size of mono-
therapy and combined therapy users in our study could have

contributed to the contrary results. Further studies are there-
fore needed to determine enhancement differences of nor-
mal breast parenchyma related to use of different HT and
OC types. Finally, for quantitative analysis of breast paren-
chyma ROIs were traced manually. Manual segmentation of
the breast parenchyma is a laborious and extremely time-
consuming process, which is observer-dependent and there-
fore hardly reproducible and prone to errors. Thus, devel-
opment of a computerised, reliable, and fast automatic
approach for breast tissue analysis is needed. However such
methods are still under investigation [12].

In conclusion, contrast enhancement of normal breast
parenchyma and prevalence of strongly enhancing non-
mass-like areas are significantly higher in premenopause,
indicating that non-mass lesions may be obscured, impairing
lesion detection. Contrast enhancement of normal breast
parenchyma was not affected by HT and only moderately
by OC. Prevalence of kinetic curve types of non-mass-like
enhancement was not affected by OC or HT. Therefore,
discontinuation of HT or OC use prior to MRM does not
seem to be necessary. Further research is required to confirm
OC- and HT-related findings and to determine the influence
of different hormone compositions.
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