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A B S T R A C T

Purpose: To evaluate the effect of the menstrual cycle on BPE and cancer detectability in an Asian population.
Material and methods: 266 premenopausal patients with regular menstrual cycles from 24 centers were included,
and 176 of them were diagnosed by pathology as having breast cancer. Thirty-five patients were examined in the
menstrual phase (days 1–4), 105 in the proliferative phase (days 5–14), and 126 in the secretory phase (days
15–30).

Measurement of the following signal intensities (SIs) were obtained: breast tissue on the unaffected side on a
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pre-contrast image (SI1) and an early-phase image (SI2); the SIs of breast tissue on the affected side on a pre-
contrast image (SI3) and an early-phase image (SI4); and the SIs of breast cancer on a pre-contrast image (SI5)
and an early-phase image (SI6). We calculated the BPE ratio, i.e., (SI2– SI1)/SI1 and the cancer/background
enhancement ratio (C/B) ratio, i.e., (SI6– SI5) / (SI4– SI3). The BPE was classified as minimal, mild, moderate, or
marked, and the cancer detectability was classified as excellent, good, or poor independently by two radiologists.
Results: The average C/B ratio was 20.1, 15.7, and 9.1 at the menstrual, proliferative, and secretory phases
(p < 0.001). BPE was determined as moderate or marked in 0% and 5.4% at the menstrual phase, 10.3% and
11.0% at the proliferative phase, and 17.5% and 21.7% at the secretory phase by the two observers, respectively
(p = 0.01, p = 0.01). The detectability of breast cancer was classified as poor in 0% and 0%, 1.4% and 13.0%,
and 8.0% and 22.1% at the menstrual, proliferative, and secretory phases by the two observers, respectively
(p = 0.07, p = 0.02).
Conclusion: The menstrual phase and the proliferative phase seem to be suitable for breast MRI of Asian women.

1. Introduction

One of the most important roles of breast magnetic resonance
imaging (MRI) is the preoperative estimation of the extent of ductal
spread of breast cancer, which affects the choice of surgical procedure.
A preoperative oversight or underestimation of ductal spread in a
breast-conserving surgery presents a great risk of a remaining positive
margin that can cause local recurrence. An accurate preoperative eva-
luation of ductal spread is thus clinically important. Mammography,
ultrasound, and MRI have been reported to provide sensitivity of
21%–55%, 21%–89%, and 67%–93%, specificity of 86%–100%,
76%–86%, and 60%–90%, and accuracy of 42%–72%, 50%–85%, and
66%–92% for ductal spread [1–4]. MRI has the highest diagnostic
performance for ductal spread.

Background parenchymal enhancement (BPE) on contrast-enhanced
breast MRI is known to be associated with the menstrual cycle, because
breast tissue is influenced by the cyclic hormonal changes —especially
estrogen —that occur over the menstrual cycle [5–7]. Estrogen is
known to cause the vascularization of breast parenchyma and a pro-
liferation of ductal-acini epithelia, and histamine-like effects such as
vasodilation and increased permeability of vessels [1,8,9]. Prominent
BPE could decrease the diagnostic performance of MRI, because it could
disturb lesion detection [8,10]. The enhancement of normal breast
tissue could result in false-positive findings or even mask a small ab-
normal enhancing cancer, resulting in a false-negative report [5]. It is
thus important to perform breast MRI at the appropriate phase of the
menstrual cycle in premenopausal women.

The guidelines from the European Society of Breast Imaging state
that the optimal time to perform a breast MRI in a premenopausal
women is between the 5th and 12th day after the start of her menstrual
cycle [6], but this guideline is based mostly on the results of studies of
Western populations [11–13]. To our knowledge, there is only one prior
corresponding study of an Asian population, and it was a single-center
investigation [14]. In addition, although BPE changes in accord with
the menstrual cycle have been described, the effect of BPE on cancer
detectability has not been evaluated. We conducted the present study to
evaluate the effects of the menstrual cycle on BPE and cancer detect-
ability on dynamic contrast-enhanced breast MRI in an Asian popula-
tion.

2. Material and methods

2.1. Patients

We conducted a multicenter prospective study involving 24 hospi-
tals in Japan. The study was approved by the Ethical Review Board on
Clinical Studies at each institution. Written informed consent for par-
ticipation was obtained from all patients. The inclusion criteria were as
follows: (1) female patients who underwent dynamic contrast-enhanced
breast MRI for a close examination; (2) age 20–69 years; (3) the pa-
tient’s menstrual cycle information was obtained by interview. First,

between November 2013 and March 2015, 962 patients from the 24
centers were enrolled. The exclusion criteria were as follows: (1) pa-
tients with a previous history of treatment for breast cancer; (2) the
patient’s menstrual cycle within the past 3 months was irregular; (3) a
histological diagnosis could not be obtained. A final total of 293 pre-
menopausal patients (age range 23–54 years, mean 42.4 years) were
included in our analyses, and the breast cancer diagnosis of 183 of these
patients was based on pathology examination. Thirty-seven patients
were examined in the menstrual phase (days 1–4), 118 in the pro-
liferative phase (days 5–14), and 138 in the secretory phase (days
15–30).

2.2. MRI protocols

MRI examinations were performed with a 1.5 or 3 T system. Axial or
coronal views of 3D fast GRE T1-weighted images with fat suppression
of bilateral whole breasts with the patients in the prone position were
required. No regulation was set regarding the repetition time (TR), echo
time (TE), or flip angle (FA). The slice thickness was prescribed to
1–2 mm. Images before and 1–2 min after the administration of contrast
medium were used for the evaluation.

2.3. Image analysis

2.3.1. Evaluation 1: BPE of breast tissue on the unaffected side
For a quantitative assessment, a region of interest (ROI) was set

manually to include all of the fibroglandular breast tissue on the un-
affected side by one radiologist. Visible cystic areas, fatty tissue, and
nodular enhancing areas were avoided. The signal intensities (SIs) of
breast tissue on a pre-contrast image (SI1) and those on an early-phase
image (SI2) were measured. We then calculated the BPE ratio for each
patient: (SI2–SI1)/SI1. For the qualitative assessment, the BPE results
were classified independently by two radiologists (27 and 23 years’
experience in breast radiology) as follows: Minimal: ≤2 5% enhance-
ment of glandular tissue. Mild: > 25% to ≤ 50% enhancement of
glandular tissue. Moderate: > 50%–75% enhancement of glandular
tissue. Marked: > 75% enhancement of glandular tissue.

2.3.2. Evaluation 2: cancer detectability
For the quantitative assessment, we measured the SIs of fi-

broglandular breast tissue on the affected side on a pre-contrast image
(SI3) and an early-phase image (SI4), and the SIs of breast cancer on a
pre-contrast image (SI5) and those on an early-phase image (SI6). We
then calculated the cancer/background enhancement (C/B) ratio for
each patient: (SI6– SI5)/(SI4– SI3). For the qualitative assessment, the
cancer detectability was classified independently by the above-men-
tioned radiologists as follows. Excellent: little BPE and easy to detect.
Good: weak BPE but detectable. Poor: strong BPE and difficult to detect.
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2.4. Statistical analyses

We evaluated the inter-observer agreements in the qualitative
analyses of the BPE classification and cancer detectability by using
weighted k statistics. We compared the results of the quantitative as-
sessment (BPE ratio and C/B ratio) with the menstrual cycles using the
Kruskal-Wallis test and the Steel-Dwass test for multiple comparisons.
For the qualitative assessment, we compared the proportion of minimal-
to-mild BPE and that of excellent-to-good cancer detectability with the
menstrual cycle by the X2 test. P-values < 0.05 were considered sig-
nificant. The statistical analyses were performed using SPSS Statistics
ver. 21 (IBM, Chicago, IL), R version 3. 2. 3 (http://www.r-project.org),
or Statcel (OMS, Tokorozawa, Japan).

3. Results

3.1. Inter-observer agreements

The inter-observer agreements in the qualitative analyses of the BPE
classification and cancer detectability were in the moderate range: BPE
classification, 0.57; cancer detectability, 0.52.

3.1.1. Evaluation 1: BPE of breast tissue on the unaffected side
The BPE ratio averages and standard deviations (SDs) were

0.25 ± 0.27 at the menstrual phase, 0.24 ± 0.29 at the proliferative
phase, and 0.31 ± 0.35 at the secretory phase (Fig. 1). There was no
significant difference in BPE ratio among the three menstrual phases
(p = 0.21).

As summarized in Table 1, Observer 1 classified 18 cases as
minimal, 19 cases as mild, and no case as moderate or marked at the
menstrual phase; 65 cases as minimal, 40 cases as mild, 9 cases as
moderate, and 3 cases as marked at the proliferative phase; 60 cases as
minimal, 53 cases as mild, 23 cases as moderate, and 1 case as marked
at the secretory phase. Observer 2 classified 26 cases as minimal, 9
cases as mild, 2 cases as moderate, and no case as marked at the
menstrual phase; 71 cases as minimal, 34 cases as mild, 12 cases as

moderate, and 1 case as marked at the proliferative phase; 76 cases as
minimal, 32 cases as mild, 26 cases as moderate, and 4 cases as marked
at the secretory phase (Table 2). Thus, BPE was determined as moderate
or marked in 0% and 5.4% at the menstrual phase, 10.3% and 11.0% at
the proliferative phase, and 17.5% and 21.7% at the secretory phase by
the two observers, respectively (p = 0.01, p = 0.01).

3.1.2. Evaluation 2: cancer detectability
The C/B ratio averages and SDs were 20.1 ± 17.7 at the menstrual

phase, 15.7 ± 22.4 at the proliferative phase, and 9.1 ± 11.9 at the
secretory phase (p < 0.001) (Fig. 2). There were significant differences
between the menstrual and secretory phases (p = 0.001), and between
the proliferative and secretory phases (p = 0.02). There was no sig-
nificant difference between the menstrual and proliferative phases
(p = 0.16).

As shown in Table 3, Observer 1 classified 24 cases as excellent, 3
cases as good, and no case as poor at the menstrual phase; 64 cases as
excellent, 4 cases as good, and 1 case as poor at the proliferative phase;
65 cases as excellent, 15 cases as good, and 7 cases as poor at the se-
cretory phase. Observer 2 classified 23 cases as excellent, 4 cases as
good, and no case as poor at the menstrual phase; 48 cases as excellent,
12 cases as good, and 9 cases as poor at the proliferative phase; 48 cases
as excellent, 22 cases as good, and 17 cases as poor at the secretory
phase (Table 4). Thus, the detectability of breast cancer was classified
as poor in 0% and 0% at the menstrual phase, 1.4% and 13.0% at the
proliferative phase, and 8.0% and 22.1% at the secretory phase by the

Table 3
Qualitative assessment of cancer detectability by Observer 1.

Menstrual Proliferative Secretory

Excellent
or Good

27 68 80

Poor 0 1 7

(p = 0.07).

Fig. 2. The C/B ratios. The C/B ratios were 20.1 ± 17.7 at the menstrual
phase, 15.7 ± 22.4 at the proliferative phase, and 9.1 ± 11.9 at the secretory
phase (p < 0.001). The secretory phase showed the worst C/B ratio.

Table 2
Qualitative assessment of BPE by Observer 2.

Menstrual Proliferative Secretory

Minimal
or Mild

35 105 118

Moderate
or Marked

2 13 30

(p = 0.01).

Table 1
Qualitative assessment of BPE by Observer 1.

Menstrual Proliferative Secretory

Minimal
or Mild

37 105 113

Moderate
or Marked

0 12 24

(p = 0.01).

Fig. 1. The BPE ratios. The BPE ratios were 0.25 ± 0.27 at the menstrual
phase, 0.24 ± 0.29 at the proliferative phase, and 0.31 ± 0.35 at the secre-
tory phase: = non- significant differences; p = 0.21.
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two observers, respectively (p = 0.07, p = 0.02). Representative cases
are shown in Figs. 3–5.

4. Discussion

The suitability of the proliferative phase for breast MRI was de-
monstrated in previous investigations. Kuhl et al. described that an
enhancement of breast parenchyma occurred during all phases of the
menstrual cycle, especially during weeks 1 and 4, and that the

Fig. 3. A 41-year-old female with invasive ductal carcinoma at the menstrual phase.
An axial (a) pre-contrast and (b) post-contrast image clearly demonstrates an enhancing lesion in the outer area of the right breast (arrow). The BPE ratio was 0.06,
and both observers classified the BPE as mild. The C/B ratio was 13.5 and qualitative cancer detectability was classified as excellent by both observers.

Fig. 4. A 47-year-old female with invasive ductal carcinoma at the proliferative phase.
An axial (a,b) pre-contrast and (c,d) post-contrast image clearly demonstrates an enhancing lesion in the outer area of the left breast (arrow). The BPE ratio was 0.24,
and both observers classified the BPE as minimal. The C/B ratio was 15.4, and the qualitative cancer detectability was classified as excellent by both observers.

Table 4
Qualitative assessment of cancer detectability by Observer 2.

Menstrual Proliferative Secretory

Excellent
or Good

27 60 70

Poor 0 9 17

(p = 0.04).
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enhancement was lowest in week 2 [12]. Muller-Schimpfle et al. re-
ported that patients showed significantly lower parenchymal en-
hancement during days 7–20 of the menstrual cycle compared to days
21–26 [13]. Delille et al. showed that the maximum change in par-
enchymal enhancement occurred between days 3–7 and days 21–27,
and they described days 3–14 of the menstrual cycle as the optimal time
for dynamic contrast-enhanced breast MRI [11]. The guidelines issued
by the European Society of Breast Imaging note that the optimal time to
perform a breast MRI in premenopausal women is between the 5th and
12th day after the start of the menstrual cycle [6].

However, the results of our present analyses revealed that not only
the proliferative phase but also the menstrual phase is suitable for
breast MRI. We speculate that the difference in study populations is one
of the causes of this discrepant finding, since most of the previous
studies evaluated Western populations. To our knowledge, the study by
Kajihara et al. is the only study of this issue in an Asian population, and
it was conducted at a single center [14]. In their study, Kajihara et al.
stated that the weakest BPE was shown on days 5–12 of the menstrual
cycle. However, we note that their findings on days 1–4 were com-
parable to those on days 5–12. Our present findings suggest that the
appropriate phase of the menstrual cycle for breast MRI in pre-
menopausal Asian women might be longer than those in Western
countries. This greater length of time can provide benefits for both
patients and physicians.

Regarding the relationship between breast composition and BPE,
Uematsu et al. reported a significant correlation between BPE and
mammographic density [15]. Kang et al. indicated that the influence of
the menstrual cycle on BPE varied according to the breast composition,
and that the optimal time for breast MRI could be different between
dense and fatty breasts [8]. They described that fatty breasts showed
the highest BPE in the 4th week and the lowest BPE in the 2nd week of
the menstrual cycle, whereas dense breasts showed the highest BPE in
the 3rd week and the lowest BPE in the 4th week. Breast compositions
on mammography are prone to vary among racial groups. In general,
the breasts of Asian women are relatively small in size and are com-
monly characterized as dense or heterogeneously dense compared to
those of Western women [16–19]. We observed herein that not only the
proliferative phase but also the menstrual phase was suitable for breast
MRI examination. We speculated that the difference in the distributions
of breast composition between Asian women and Western women
might have contributed to our finding that the menstrual phase (1 st
week) is also suitable for breast MRI. The clarification of the differences
between patients with and without prominent BPE and the factors af-
fecting BPE other than the menstrual cycle is a challenge to be ad-
dressed in future studies.

There are some limitations in this study. First, we assessed the effect
of the menstrual cycle on BPE and cancer detectability only; we did not

evaluate the diagnostic performance for characterizing breast lesions or
the extent of breast cancer, due to the small number of pathologically
proven benign lesions and the unavailability of the precise MR-patho-
logic correlation due to the multicenter design of this study. Second, we
could not evaluate the patients’ breast composition on mammography,
because this additional information could not be obtained, even though
it is possible that the difference in breast composition between Asian
women and Western women could have contributed to our findings.

5. Conclusions

In conclusion, the menstrual cycle affects both BPE and the de-
tectability of breast cancer. The menstrual phase as well as the pro-
liferative phase seem to be suitable for breast MRI examinations of
premenopausal Asian women.
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