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To examine the relationships between breast cancer and
both amount of fibroglandular tissue (FGT) and level of
background parenchymal enhancement (BPE) at magnetic
resonance (MR) imaging.

A waiver of authorization was granted by the institutional
review board for this retrospective HIPAA-compliant study.
Among 1275 women who underwent breast MR imaging
screening between December 2002 and February 2008,
39 breast carcinoma cases were identified. Two compari-
sons were performed: In one comparison, two normal
controls—those of the women with negative (benign) find-
ings at breast MR imaging—were matched to each breast
cancer case on the basis of age and date of MR imaging.
In the second comparison, one false-positive control—
that of a woman with suspicious but nonmalignant find-
ings at MR imaging—was similarly matched to each breast
cancer case. Two readers independently rated the level of
MR imaging-depicted BPE and the amount of MR imaging—
depicted FGT by using a categorical scale: BPE was cat-
egorized as minimal, mild, moderate, or marked, and
FGT was categorized as fatty, scattered, heterogeneously
dense, or dense.

Compared with the odds ratio (OR) for a normal con-
trol, the OR for breast cancer increased significantly
with increasing BPE: The ORs for moderate or marked
BPE versus minimal or mild BPE were 10.1 (95% con-
fidence interval [CI]: 2.9, 35.3; P < .001) and 3.3 (95%
Cl: 1.3, 8.3; P = .006) for readers 1 and 2, respectively.
Similar odds were seen when the false-positive controls
were compared with the breast cancer cases: The ORs
for moderate or marked BPE versus minimal or mild BPE
were 5.1 (95% CI: 1.4, 19.1; P = .003) and 3.7 (95% CI:
1.2, 11.2; P = .013) for readers 1 and 2, respectively. The
breast cancer odds also increased with increasing FGT,
but the BPE findings remained significant after adjustment
for FGT.

Increased BPE is strongly predictive of breast cancer odds.

©RSNA, 2011

50

radiology.rsna.org = Radiology: \olume 260: Number 1—July 2011




>
<

S
=

S
s

BREAST IMAGING: MR Imaging Parenchymal Enhancement and Breast Cancer Risk

King et al

he mammographic appearance of

normal breast parenchyma has been

shown to provide valuable infor-
mation regarding breast cancer risk. A
strong association between mammo-
graphic parenchymal pattern and breast
cancer risk was proposed by Wolfe
(1,2) in 1976 and since then has been
validated by using qualitative and quan-
titative methods (1-11). Breast tissue
consists primarily of fibroglandular tis-
sue (FGT) and fat; at mammography,
FGT is characterized as areas of breast
tissue that are denser than fat. The risk
of breast cancer increases steadily with
increasing mammographic breast den-
sity (12). The risk of breast cancer in
women with mammographically dense
breasts is three to five times higher
than that in women with predominantly
mammographically fatty breasts (3,5,6,
9,11,12).

Similar to breast density at mam-
mography, the amount of FGT seen on
magnetic resonance (MR) images and
the level of background parenchymal en-
hancement (BPE) at MR imaging after

Advances in Knowledge

B Moderate or marked background
parenchymal enhancement (BPE)
at breast MR imaging is associ-
ated with significantly greater
odds of breast cancer than is
minimal or mild BPE when
patients with breast cancer are
compared with both control sub-
jects with negative (benign)
breast MR imaging findings (odds
ratio [OR]| = 3.3) and control
subjects with false-positive breast
MR imaging findings (OR = 3.7).

B The increased odds of breast
cancer associated with moderate
or marked BPE is evident in pre-
and postmenopausal women.

® When control subjects with false-
positive breast MR imaging find-
ings are compared with patients
who have breast cancer, the odds
of breast cancer associated with
increased BPE (OR = 3.7) are
higher than those associated with
an increased amount of fibroglan-
dular tissue (OR, 1.2).

contrast material administration are fea-
tures of normal breast tissue. MR imaging—
depicted FGT is distinguished from fat
on the basis of differences in signal in-
tensity. Some studies have shown that
breast density at mammography cor-
relates with FGT at MR imaging, and
it has been suggested that since breast
MR imaging is three-dimensional, it may
enable a more accurate assessment of
the amount of FGT (13-17). It has also
been acknowledged that the volume of
dense breast tissue, as a percentage
of the total breast volume, might not
be determined as accurately from two-
dimensional mammograms (18). The
level of MR imaging-depicted BPE re-
fers qualitatively to the volume and in-
tensity of the enhancement of normal
breast tissue after intravenous contrast
material administration (19). Evidence
suggests that BPE correlates negatively
with subject age and increases with
greater hormonal activity (20-23). The
findings of one study suggested that
BPE does not correlate with mammo-
graphic breast density, although the re-
sults clearly showed that both of these
parameters were reduced in postmeno-
pausal women as compared with pre-
menopausal women (24).

The strong relationship between mam-
mographic breast density and breast
cancer risk raises the question of whether
there is a similar association between
MR imaging FGT and breast cancer.
Although MR imaging BPE is hormon-
ally responsive, the association between
increased BPE and breast cancer has
not, to our knowledge, been tested. If
increased BPE proves to be an impor-
tant risk factor, then it has the poten-
tial to serve as an additional tool for
risk stratification and may be useful for
monitoring chemopreventive strategies.
The purpose of this study was to ex-
amine the relationship between breast
cancer and both MR imaging BPE and
MR imaging FGT.

Implication for Patient Care

B BPE has the potential to serve as
an additional tool for risk stratifica-
tion in high-risk women undergoing
breast MR imaging screening.

Materials and Methods

Study Design and Patients

A waiver of authorization and patient
consent was granted by the institutional
review board for this Health Insur-
ance Portability and Accountability Act-
compliant retrospective study. We per-
formed a retrospective review of the ra-
diology and pathology records of 1275
women with negative, benign, or sus-
picious findings at high-risk breast MR
imaging screening between December
2002 and February 2008. All breast MR
imaging findings were reported accord-
ing to the level of suspicion of malig-
nancy by using the American College
of Radiology Breast Imaging Reporting
and Data System (BI-RADS) lexicon
(25). Patients with MR imaging findings
classified as BI-RADS 4 or 5 lesions
underwent biopsy. The biopsies of 39
of these patients yielded a malignancy
(breast cancer cases).

From this cohort of 1275 patients,
two sets of control subjects were ran-
domly selected and individually matched
to each breast cancer case on the ba-
sis of age within 5 years and date of
breast MR imaging within 1 year. The
first control group—the normal control
group—was matched 2:1 to the breast
cancer cases and consisted of women
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BI-RADS = Breast Imaging Reporting and Data System
BPE = background parenchymal enhancement

Cl = confidence interval

FGT = fibroglandular tissue

OR = odds ratio

Author contributions:

Guarantors of integrity of entire study, V.K., A.S.R.; study
concepts/study design or data acquisition or data analysis/
interpretation, all authors; manuscript drafting or manu-
script revision for important intellectual content, all authors;
manuscript final version approval, all authors; literature
research, VK., J.L.B., E.A.M.; clinical studies, V.K., E.A.M.;
statistical analysis, J.D.B., J.L.B.,A.S.R., M.C.P; and
manuscript editing, all authors

Potential conflicts of interest are listed at the end
of this article.

Radiology: \/olume 260: Number 1—July 2011 = radiology.rsna.org

51



>
i

S
=

S
s

BREAST IMAGING: MR Imaging Parenchymal Enhancement and Breast Cancer Risk

King et al

Table 1

Standard 1.5-T MR Imaging Protocols

Flip Angle Field of Section No. of Signals
MR Sequence TE (msec) TR (msec) (degree) View (cm) Thickness (mm) Matrix Acquired
Scout Minimal 150 70 48 10 256 X 128 1
Sagittal T2-weighted fat suppressed 102 4000 90 18-22 3 192 X 256 2
Sagittal T1-weighted non—fat suppressed 2.2 10 18-22 3 256 X 192 1
Sagittal T1-weighted precontrast fat suppressed 2.2 10 18-22 3 256 X 192 1
Sagittal T1-weighted postcontrast fat suppressed* 2.2 10 18-22 3 256 X 192 1
Axial T1-weighted postcontrast fat suppressed 2.2 10 28-36 1 320 X 320 1

Note.—TE = echo time, TR = repetition time.

* Sagittal T1-weighted postcontrast fat-suppressed sequence was performed three times after the contrast material injection.

who had breast MR imaging findings
reported as BI-RADS 1 or 2 levels of
suspicion and no reported development
of breast cancer subsequent to that MR
imaging examination (through January
2010). The second control group—the
false-positive control group—was matched
1:1 to the breast cancer cases and con-
sisted of women who had breast MR
imaging findings reported as BI-RADS 4
or 5 lesions but underwent biopsy and
follow-up examinations that did not yield
malignancy. The false-positive analysis
was performed to control for potential
bias due to the presence of a suspicious
lesion in the breast. There was one case
for which no matched false-positive con-
trol could be identified. Patient char-
acteristics such as age, indication for
breast MR imaging screening, and mam-
mographic breast density (within the
6 months before the breast MR examina-
tion) were determined from the medi-
cal records.

MR Image Evaluation

All breast MR imaging screening exami-
nations were performed at 1.5 T with
the patient prone and by using a dedi-
cated surface breast coil. The standard
imaging protocol included a localizing
MR sequence followed by a T2-weighted
fat-suppressed sequence, a T1-weighted
non-fat-suppressed sequence, and a
bilateral T1-weighted simultaneous sagit-
tal fat-suppressed sequence performed
before and three times after a rapid
bolus injection of 0.1 mmol/L gadopen-
tetate dimeglumine (Magnevist; Bayer
Health care Pharmaceuticals, Montville,

NJ) per kilogram of body weight through
an in-dwelling intravenous catheter. The
MR acquisition parameters used are
given in Table 1. The section thickness
for all sequences was 3 mm. After the
MR examination, the nonenhanced im-
ages were subtracted from the first ac-
quired contrast material-enhanced im-
ages on a pixel-by-pixel basis.

All images were independently re-
viewed by two fellowship-trained breast
imaging radiologists (V.K., E.A.M., 2
and 14 years of experience in breast
MR imaging, respectively) who were
blinded as to whether the MR imaging
findings were from breast cancer cases
or controls. The level of MR imaging—
depicted BPE and amount of MR
imaging—depicted FGT were recorded.
The BPE of the entire breast parenchyma
was visually assessed by using a com-
bination of precontrast and early post-
contrast fat-suppressed T1-weighted
and subtraction images and was defined
as enhancement of the normal breast
parenchyma. The volume and intensity
of enhancement were considered in the
global assessment of BPE and catego-
rized, on the basis of proposed BI-RADS
criteria, as minimal, mild, moderate,
or marked (Fig 1) (19). The amount
of FGT was visually assessed by using
a combination of T2-weighted imaging
and T1-weighted non-fat-suppressed
and fat-suppressed imaging and was de-
fined as any nonfatty noncystic breast
parenchyma. The amount of FGT was
graded, on the basis of BI-RADS crite-
ria, as fatty (<25% of breast comprised
glandular tissue), scattered (25%-50% of

breast comprised glandular tissue), heter-
ogeneously dense (51%-75% of breast
comprised glandular tissue), or dense
(>75% of breast comprised glandular
tissue) (Fig 2). If the breast cancer
case or control had a history of pri-
or mastectomy, the remaining breast
was used for assessment. To assess in-
trareader agreement, all breast MR im-
ages were reread after a 5-month inter-
val by one reader (V.K.), who remained
blinded to any previous reading.

In those women who had both breasts,
the level of MR imaging BPE and amount
of MR imaging FGT were recorded for
each breast. There was almost perfect
agreement regarding BPE (95.4% agree-
ment on a four-point scale, r = 0.96, k =
0.93) and FGT (99.2% agreement on
four-point scale, r = 0.98, k = 0.99) be-
tween the two breast sides in the breast
cancer cases and controls, and data from
the overall assessment are cited in this
article. In the rare cases in which there
was a difference in BPE and/or FGT be-
tween the two breasts, the breast with
the greater amount of BPE or FGT was
used for the overall assessment.

Statistical Analyses

Conditional logistic regression analysis
with the matched case control study de-
sign incorporated was used to estimate
odds ratios (ORs) and corresponding
95% confidence intervals (Cls) for MR
imaging BPE and MR imaging FGT
as risk factors for breast cancer. Be-
cause of the retrospective nature of
this study, the mammograms obtained
in a substantial number of the women

52

radiology.rsna.org = Radielogy: \'olume 260: Number 1—July 2011



>
<

S
=

S
s

BREAST IMAGING: MR Imaging Parenchymal Enhancement and Breast Cancer Risk

King et al

C.
Figure 1:

d.

(b) mild, (c) moderate, and (d) marked BPE.

were not available, and, thus, analy-
sis of mammographic breast density
as a predictor of a breast cancer case
could not be reliably performed. Mam-
mograms were not available in these
cases because although the breast MR
imaging examinations were performed
at our institution, many of the contempo-
raneous mammographic screening exam-

inations had been performed at outside
facilities.

Data were adjusted for menopausal
status (pre- vs postmenopausal) in all
analyses when both premenopausal and
postmenopausal women were included,
by adding a binary term for menopausal
status in the logistic regression models.
Analyses performed within subgroups

T1-weighted fat-suppressed contrast-enhanced subtraction MR images show different right breasts with (a) minimal,

of women (eg, premenopausal women)
were conducted by excluding from consid-
eration women who were not in the given
subgroup. The lower two categories of
the four-point scales of BPE and FGT
were combined to obtain more stable
estimates. In cases with two breasts,
analysis of reread data was conducted
by using the measurement from the
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Figure 2

C.

d.

Figure 2:  T1-weighted non—fat-suppressed MR images show different breasts with (a) fatty, (b) scattered, (c) heteroge-
neously dense, and (d) dense amounts of FGT. (a and d = right breasts, b and ¢ = left breasts.)

breast without the incident cancer and
the measurement from the correspond-
ing breast in the matched control.
Intra- and interreader agreement re-
garding BPE and FGT was calculated
by using k statistics and Pearson corre-
lation coefficients (with the four-point
scales). Statistical analyses were per-
formed independently for readers 1 and
2. All statistical analyses were performed
with SAS, version 9.2 (SAS Institute,
Cary, NC), or Stata, version 11.0 (Stata,
College Station, Tex), software. For one
analysis involving a category with a

zero count, the calculation of a lower
CI bound was made by using an exact
method (exlogistic procedure in Stata).
In all instances, statistical significance
was evaluated according to changes in
log-likelihood values. All reported statis-
tical significance levels (P values) are two
sided. P < .05 was considered to indicate
significance. Strength of k agreement was
defined as follows: k values lower than
0.00 indicated poor agreement; values
of 0.00-0.20, slight agreement; values
of 0.21-0.40, fair agreement; values of
0.41-0.60, moderate agreement; values

of 0.61-0.81, substantial agreement;
and values of 0.81-1.00, almost perfect
agreement (26).

Characteristics of Study Group

The characteristics of the patients who
were breast cancer cases and controls
are given in Table 2. Of the 39 breast
cancer cases, 19 (49%) were cases of
invasive ductal carcinoma; six (15%),
cases of invasive lobular carcinoma; and

54

radiology.rsna.org = Radielogy: \'olume 260: Number 1—July 2011



>
i

S
=

S
s

BREAST IMAGING: MR Imaging Parenchymal Enhancement and Breast Cancer Risk

King et al

14 (36%), cases of ductal carcinoma in
situ without an invasive component. Of
the 25 invasive cancers, 21 (84%) were
estrogen-receptor positive and 15 (60%)
were progesterone-receptor positive;
20 (80%) of these cancers were smaller
than 2 cm, four (16%) were 2-35 cm,
and for one, size data were missing.

Breast Cancer Gases versus Normal
Controls

MR imaging BPE.—BPE was strongly asso-
ciated with menopausal status (Table 3). In
the normal controls, the percentage of
women classified as having moderate or
marked BPE among the premenopausal
subjects was approximately three times
as large as that among the postmeno-
pausal subjects: 38% versus 12% ac-
cording to reader 1 and 65% versus
22% according to reader 2.

When the breast cancer cases were
compared with the normal controls, in-
creasing BPE was a significant predic-
tor of being a breast cancer case; the
OR increased steadily with increasing
BPE (P < .001 at test for trend for
reader 1, P = .002 at test for trend for
reader 2) (Table 3). When BPE was
considered a dichotomous variable, mod-
erate or marked BPE, as compared with
minimal or mild BPE, was a significant
predictor of being a breast cancer case
(ORs: 10.1 [95% CI: 2.9, 35.3] for
reader 1; 3.3 [95% CI: 1.3, 8.3] for reader
2). The ORs associated with marked
BPE were very high but had wide con-
fidence limits.

These results changed minimally when
the patients who underwent prior mas-
tectomy (eight breast cancer cases, and
14 normal controls) were excluded:
The ORs for moderate or marked BPE
versus minimal or mild BPE changed
from 10.1 to 13.0 for reader 1 and from
3.3 to 2.5 for reader 2. There was also
little change when the small number
of patients who were using tamoxifen,
raloxifene, or an aromatase inhibitor at
the time of MR imaging were excluded
(one breast cancer case, six normal
controls): The ORs for moderate or
marked BPE versus minimal or mild BPE
decreased from 10.1 to 9.0 for reader
1 and from 3.3 to 3.1 for reader 2.
Results also did not differ significantly

Table 2

Patient Characteristics in Breast Cancer Cases and Controls

Breast Cancer

Normal Controls False-positive

Characteristic Cases (1= 39) (n=78) Controls (n = 38)
Median age (y)* 54 (38-76) 52 (37-78) 53 (35-76)
Menopausal status

Premenopausal 17 (44) 29 (37) 14 (37)
Postmenopausal 22 (56) 49 (63) 24 (63)
Medications'
Tamoxifen 0 1(1) 113
Raloxifene 0 2(3) 11
Aromatase inhibitor 1) 34 25
Hormone replacement 0 0 0
Risk factor at screening*
Atypia at prior biopsy 7(18) 11(14) 6(16)
Family history 18 (46) 48 (62) 19 (50)
History of ovarian cancer 0 5 (6) 4(11)
LCIS at prior biopsy 10 (26) 11 (14) 6 (16)
History of prior breast cancer 12 (31) 18 (23) 7(18)
Mastectomy$ 8 (21) 14 (18) 5(13)
Lumpectomy'" 4(10) 4(5) 2 (5
History of mediastinal irradiation 1) 1(1) 29

Note.—Unless otherwise noted, data are numbers of subjects, with percentages in parentheses. Thirty-eight (as opposed to 39)
false-positive controls were included because there was one case for which no matched control could be identified.

* Numbers in parentheses are age ranges.

T Raloxifene (Evista) is manufactured by Eli Lilly and Company (Indianapolis, Ind); tamoxifen (Nolvadex) is manufactured by

various companies.

* Risk factor for breast cancer determined at MR imaging screening. LCIS = lobular carcinoma in situ.
§ Remaining uninvolved and nontreated breast was examined at screening MR imaging.
I'All lumpectomies were performed more than 5 years before the high-risk breast MR imaging screening examination.

when the data were analyzed with and
without the inclusion of pure ductal car-
cinoma in situ cases. Although BPE was
found to decrease substantially after
menopause, a relationship between BPE
and breast cancer odds was seen in both
the premenopausal and the postmeno-
pausal women (Table 3); however, the re-
lationship was not significant among the
premenopausal women for reader 2.

MR imaging FGT.—Although the as-
sociations with FGT were not as strong
as those with BPE, the breast cancer
odds also increased steadily with in-
creasing amount of FGT when the breast
cancer cases were compared with the
normal controls (P = .061 at test for
trend for reader 1, P = .032 at test for
trend for reader 2) (Table 4). The ORs
for heterogeneously dense or dense
FGT versus fatty or scattered FGT were
2.3 (95% CI: 0.8, 6.5) for reader 1 and
5.1 (95% CI: 1.4, 18.2) for reader 2.
Like the BPE levels, the amounts of FGT

were smaller in the postmenopausal
women, but the effect was much smaller
for FGT than for BPE.

The partial correlation of BPE and
FGT after adjustments for menopausal
status and breast cancer versus control
status was weakly positive for reader
1 (r = 0.13, P = .18 with three-point
scale) and was more strongly positive
for reader 2 (r = 0.40, P < .001). After
joint fitting of BPE and FGT, the over-
all ORs for moderate and marked BPE
versus minimal or mild BPE declined
slightly from 8.2 and 18.2 to 7.8 and
14.7, respectively (P < .001 at test for
trend), for reader 1 and from 2.9 and
7.5 to 2.3 and 6.0, respectively (P = .016
at test for trend), for reader 2 (values
from joint fitted analysis are not shown
in Tables). After adjustment for BPE,
the overall ORs for heterogeneously
dense and dense FGT versus fatty or
scattered FGT declined from 2.0 and 3.2
to 1.6 and 1.8, respectively (P = .54 at
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Table 3

ORs of Breast Cancer according to BPE Level: Breast Cancer Cases vs Normal Controls

Breast Cancer
BPE Level Cases* Normal Controls*  OR' PValue
Test for trend
Reader 1 <.001
Minimal or mild 16/39 (41) 63/78 (81) 1.0
Moderate 15/39 (38) 12/78 (15) 8.2(2.2,30.5)
Marked 8/39 (21) 3/78 (4) 18.2 (2.8,116.3)
Reader 2 .002
Minimal or mild 13/39 (33) 48/78 (62) 1.0
Moderate 16/39 (41) 23/78 (30) 29(1.1,7.5)
Marked 10/39 (26) 7/78 (9) 7.5(1.8,32.2)
BPE as dichotomous variable
Reader 1 <.001
Minimal or mild 16/39 (41) 63/78 (81) 1.0
Moderate or marked 23/39 (59) 15/78 (19) 10.1 (2.9, 35.3)
Reader 2
Minimal or mild 13/39 (33) 48/78 (62) 1.0
Moderate or marked 26/39 (67) 30/78 (38) 3.3(1.3,8.3)
Premenopausal subgroup analysis*
Reader 1 .024
Minimal or mild 417 (24) 16/26 (62) 1.0
Moderate or marked 13/17 (76) 10/26 (38) 5.1 (1.0, 25.0)
Reader 2 .31
Minimal or mild 3/17 (18) 9/26 (35) 1.0
Moderate or marked 14/17 (82) 17/26 (65) 2.2(0.4,11.6)
Postmenopausal subgroup analysist
Reader 1 <.001
Minimal or mild 12/22 (54) 36/41 (88) 1.0
Moderate or marked 10/22 (45) 5/41 (12) 14.2 (1.8,113.6)
Reader 2 .012
Minimal or mild 10/22 (45) 32/41 (78) 1.0
Moderate or marked 12/22 (54) 9/41 (22) 41(1.3,13.2)

* Numbers in parentheses are percentages.
T Numbers in parentheses are 95% Cls.

+ Data were adjusted for menopausal status when pre- and postmenopausal women were included in the analysis. These
analyses also were performed with BPE as a dichotomous variable.

test for trend), for reader 1 and from 5.5
and 4.8 to 3.8 and 2.5, respectively (P =
.44 at test for trend), for reader 2 (values
from joint fitted analysis are not shown in
Tables). BPE and FGT were correlated to
some extent, but the BPE findings were
only slightly reduced after adjustment for
FGT and remained significant.

Breast Cancer Cases versus False-
positive Controls

When the breast cancer cases were com-
pared with the false-positive controls,
increasing BPE remained a strong pre-
dictor of being a breast cancer case

(P =.028 at test for trend for reader 1,
P =.024 at test for trend for reader 2)
(Table 5). Moderate or marked BPE rela-
tive to minimal or mild BPE was associ-
ated with ORs of 5.1 (95% CI: 1.4, 19.1)
for reader 1 and 3.7 (95% CI: 1.2, 11.2)
for reader 2. The association between
FGT and breast cancer odds was weak
and not significant for either reader when
the breast cancer and false-positive con-
trols were compared (Table 6).

Inter- and Intrareader Agreement

There was reasonable between-reader
agreement regarding BPE level (k = 0.47

for ordinal variables, k = 0.57 for dichoto-
mized variables) and better between-
reader agreement regarding FGT amount
(k = 0.65 for ordinal variables, k = 0.77
for dichotomized variables). Reader 1
intrareader agreement regarding both
BPE level (k = 0.62 for ordinal vari-
ables, k = 0.69 for dichotomized vari-
ables) and FGT amount (k = 0.76 for
ordinal variables, k = 0.77 for dichoto-
mized variables) was greater.

Study results have consistently demon-
strated a strong relationship between
increased mammographic breast density
and increased breast cancer risk. In
our study, we evaluated whether there
are associations between breast cancer
and both MR imaging BPE and MR im-
aging FGT. When cases of breast can-
cer were matched with normal controls
of similar patient ages and MR imaging
dates, BPE level was found to be a highly
significant predictor of breast cancer.
The odds of breast cancer increased sig-
nificantly with increasing BPE level. For
the women with moderate or marked
BPE, as compared with the women with
minimal or mild BPE, the ORs for be-
ing breast cancer cases were 10.1 and
3.3 for readers 1 and 2, respectively.
To evaluate whether this effect could be
due to bias secondary to the presence
of a suspicious lesion in the breast, we
performed a second analysis in which we
compared breast cancer cases against
controls with false-positive breast MR
imaging findings (ie, suspicious lesions
depicted at MR imaging that were
found not to be cancer at biopsy). Be-
cause the readers reviewed the breast
cancer cases, normal controls, and false-
positive controls in random order, while
blinded as to which MR image exami-
nations represented breast cancer cases
versus controls, and without knowing
whether the lesions on the images were
benign or breast cancers, they did not
know which breasts had pathology find-
ings positive for breast cancer. One goal
in using false-positive controls (all of
which had suspicious lesions) in addition
to the normal controls was to control
for potential bias in describing greater
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enhancement due to the presence of any
lesion (benign or malignant) in the breast.
Results of this second analysis, involv-
ing comparisons with false-positive con-
trols, confirmed that BPE was a signifi-
cant predictor of breast cancer: For the
patients with moderate or marked BPE,
as compared with those who had mini-
mal or mild BPE, the ORs for being a
breast cancer case were 5.1 and 3.7 for
readers 1 and 2, respectively. In addi-
tion, BPE remained a significant predic-
tor of breast cancer even after all women
who had undergone a mastectomy pre-
viously and the small number of women
who were taking tamoxifen, raloxifene,
or an aromatase inhibitor were excluded.
Similar results were achieved at analyses
performed in the subgroups of women
with invasive cancer and ductal carci-
noma in situ without invasion.

If the amount of FGT correlates with
breast density at mammography, then a
significant association between increased
FGT amount at breast MR imaging and
breast cancer odds might be expected.
We acknowledge that the amount of
FGT, as a percentage of the total breast
volume, might not be determined as
accurately with two-dimensional mam-
mography as it would with breast MR
imaging, which is three-dimensional (18).
In our study, MR imaging FGT was
strongly associated with breast cancer
odds when the breast cancer cases were
compared with the normal controls. The
relationship was much weaker when
the breast cancer cases were com-
pared with the false-positive controls.
The reason for this is not completely
clear, but it may be related to a greater
prevalence of nonmalignant suspicious
findings in the women who had dense
FGT at MR imaging. When the normal
MR examinations were used as controls,
we did observe an association between
FGT and breast cancer in our study,
with ORs of 2.3 and 5.1 for readers 1
and 2, respectively, when the women
who had dense breasts were compared
with those who had fatty or scattered
FGT. These odds are similar to the odds
reported with use of mammographic
density in the literature.

The association between FGT and
breast cancer was lost when the false-

Table 4

ORs of Breast Cancer according to FGT Amount: Breast Cancer Cases vs Normal

Controls
Breast Cancer
FGT Amount Cases* Normal Controls* ~ ORT P Value
Test for trend
Reader 1 .061
Fatty or scattered 7/39 (18) 26/78 (33) 1.0
Heterogeneously dense 19/39 (49) 35/78 (45) 2.0(0.7,6.0)
Dense 13/39 (33) 17/78 (22) 3.2(0.9,11.2)
Reader 2 .032
Fatty or scattered 5/39 (13) 29/78 (37) 1.0
Heterogeneously dense 19/39 (49) 26/78 (33) 5.5(1.4,20.9)
Dense 15/39 (38) 23/78 (30) 4.8(1.2,18.5)
FGT as dichotomous variable
Reader 1 .10
Fatty or scattered 7/39 (18) 26/78 (33) 1.0
Heterogeneously dense or dense  32/39 (82) 52/78 (67) 2.3(0.8,6.5)
Reader 2 .003
Fatty or scattered 5/39 (13) 29/78 (37) 1.0
Heterogeneously dense or dense  34/39 (87) 49/78 (63) 5.1(1.4,18.2)
Premenopausal subgroup analysis*
Reader 1 .087
Fatty or scattered 117 (6) 8/26 (31) 1.0
Heterogeneously dense or dense  16/17 (94) 18/26 (69) 5.2(0.6,45.9)
Reader 2 .059
Fatty or scattered 0/17 (0) 8/26 (31) 1.0
Heterogeneously dense or dense  17/17 (100) 18/26 (69) 6.7 (0.9, <)
Postmenopausal subgroup analysis*
Reader 1 43
Fatty or scattered 6/22 (27) 15/41 (37) 1.0
Heterogeneously dense or dense  16/22 (73) 26/41 (63) 1.6 (0.5, 5.5)
Reader 2 .077
Fatty or scattered 5/22 (23) 18/41 (44) 1.0
Heterogeneously dense or dense  17/22 (77) 23/41 (56) 3.2(0.8,12.3)

* Numbers in parentheses are percentages.
T Numbers in parentheses are 95% Cls.

* Data were adjusted for menopausal status when pre- and postmenopausal women were included in the analysis. These
analyses also were performed with FGT as a dichotomous variable.

§ Median unbiased estimate.

positive MR examinations were used as
controls (ORs: 1.2 and 1.7 for readers
1 and 2, respectively). We hypothesize
that greater breast density and greater
FGT amount may be associated with a
greater prevalence of breast lesions—
malignant or otherwise. Therefore, when
the odds of breast cancer are evaluated
by using comparisons with normal con-
trols, as has been done in most studies
to evaluate mammographic breast densi-
ty, increased odds will be seen in asso-
ciation with dense breasts. If, however,
breast density is simply a risk factor for

having a breast lesion—whether benign
or malignant—then the breast cancer
odds associated with increased breast
density might be canceled out when
false-positive MR examinations are used
as controls, as we saw in this study. The
fact that BPE persisted as a risk factor
despite the use of false-positive controls
suggests that BPE may help to identify
the subset of women with dense breasts
who are truly at increased risk for breast
cancer.

Reader 1 found MR imaging FGT and
BPE to be weakly and nonsignificantly
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Table 5

ORs of Breast Cancer according to BPE Level: Breast Cancer Cases vs False-positive

Controls
Breast Cancer False-positive Controls
BPE Level Cases (n = 38) (n=38) OR* PValue
Test for trend
Reader 1 .028
Minimal or mild 16 (42) 29 (76) 1.0
Moderate 14 (37) 4(11) 5.6 (1.4,23.1)
Marked 8 (21) 5(13) 4.1(0.8,21.4)
Reader 2 .024
Minimal or mild 13 (34) 25 (66) 1.0
Moderate 15 (40) 7(18) 3.6(1.1,11.4)
Marked 10 (26) 6 (16) 4.1(0.7,22.7)
BPE as dichotomous variable
Reader 1 .005
Minimal or mild 16 (42) 29 (76) 1.0
Moderate or marked 22 (58) 9 (24) 5.1(1.4,19.1)
Reader 2 .013
Minimal or mild 13 (34) 25 (66) 1.0
Moderate or marked 25 (66) 13 (34) 3.7(1.2,11.2)

Note.—Data were adjusted for menopausal status. Numbers in parentheses are percentages.

* Numbers in parentheses are 95% Cls.

Table 6

ORs of Breast Cancer according to FGT Amount: Breast Cancer Cases vs False-

positive Controls
Breast Cancer  False-positive Controls
FGT Amount Cases (1=38) (n=138) OR* PValue
Test for trend
Reader 1 .70
Fatty or scattered 7(18) 8(21) 1.0
Heterogeneously dense 18 (47) 21 (55) 0.9(0.2,3.1)
Dense 13 (34) 9 (24) 1.3(0.3,5.9)
Reader 2 .55
Fatty or scattered 5(13) 7(18) 1.0
Heterogeneously dense 19 (50) 21 (55) 1.6 (0.3,9.5)
Dense 14 (37) 10 (26) 1.9(0.3,15.2)
FGT as dichotomous variable
Reader 1 .95
Fatty or scattered 7(18) 8 (21) 1.0
Heterogeneously dense or dense 31(82) 30 (79) 1.2(0.3,3.4)
Reader 2 .55
Fatty or scattered 5(13) 7(18) 1.0
Heterogeneously dense or dense 33 (87) 31(82) 1.7 (0.3,9.6)

Note.—Data were adjusted for menopausal status. Numbers in parentheses are percentages.

* Numbers in parentheses are 95% Cls.

correlated, but reader 2 observed a
stronger, highly significant association
between these parameters. In one other
study (24), findings similar to those ob-

served by reader 1 were reported. Ad-
justment for FGT resulted in only a
slight decrease in the estimated effects
of BPE on breast cancer odds.

It has been shown previously that
BPE can vary with hormonal status and
menstrual cycle (21,23,27). We repeated
our analysis exclusively in the postmeno-
pausal patients to determine whether
the effect would be different after the ex-
clusion of those patients who are most
affected by hormonal variation. The fact
that excluding the premenopausal pa-
tients from our analysis did not change
the results suggests that the effect seen in
this study was not secondary to normal
cyclic hormonal variation.

We found almost perfect agreement
regarding level of MR imaging BPE be-
tween the two breasts in those patients
who underwent bilateral examinations.
This shows that BPE is a systemic rather
than local phenomenon.

A number of studies have shown
that BPE may decrease during antiestro-
gen treatment with selective estrogen
receptor modulators such as toremifene
and tamoxifen (28-30). If BPE is a risk
factor for breast cancer and could be
shown to be predictably reduced by med-
ications used to prevent and/or treat
breast cancer, such as selective estrogen
receptor modulators, this would have im-
portant implications for the potential use
of BPE as an imaging biomarker of effect.

One of the limitations of this study
was that our assessment of BPE and
FGT was qualitative. BPE was qualita-
tively graded, on the basis of proposed
BI-RADS criteria, as minimal, mild, mod-
erate, or marked (19), and FGT was
graded, on the basis of American Col-
lege of Radiology criteria, as fatty, scat-
tered, heterogeneously dense, or dense
(25). These criteria are similar to the
qualitative criteria used to assess mam-
mographic breast density. Because the
MR image interpretations were subjec-
tive, intra- and interreader variability
was calculated and indicated moder-
ate to substantial agreement regarding
all measures. In this study, BPE was a
qualitative measure of the volume and
intensity of enhancement of the entire
breast. Although the percentage of en-
hancement for a two-dimensional area of
interest can be measured, to our knowl-
edge a validated quantitative method of
approximating an area of interest to the
entire breast is not yet available.
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Some study investigators have at-
tempted to quantify the amount of FGT
by using water content as a surrogate;
however, it is not known whether the
water content accurately reflects what
is seen as FGT on MR images. While
our subjective method of assessing BPE
and FGT has limitations, it accurately
reflects current clinical practice in that
it is similar to the nonquantitative as-
sessment of breast density at mammog-
raphy. We acknowledge that there may
have been a difference in the individual
set points of the two readers, with the
less experienced reader deriving higher
OR estimates. In future research and
clinical practice, it will be important
to standardize these measurements as
much as possible by either automat-
ing the measurements or attempting to
equalize different readers’ set points,
possibly by using a training set (with
standard readings) to be read before
any reading session is conducted.

A second limitation of our study was
the small sample. Nonetheless, even
with our relatively small sample, we ob-
served a clear relationship between BPE
and breast cancer. However, we did not
have a sufficient number of cases to
conduct definitive analyses relative to
tumor type or hormone receptor sta-
tus or based on risk factors for breast
cancer such as BRCA gene status. To
conduct a more detailed assessment of
the relationships among breast cancer,
parenchymal pattern at mammography,
and both MR imaging FGT and MR im-
aging BPE, a larger, ideally prospective
study is needed. A prospective design
would allow breast MR imaging and
mammography to be performed at the
same time with a similar technique, as
well as accurate documentation of the
patients” menstrual status and last men-
strual period. The sample would need
to be large enough to perform subgroup
analyses based on factors that might in-
fluence BPE—such as menstrual status,
last menstrual period, and hormonal
medications—and on risk factors for
breast cancer such as family history. We
also acknowledge the possibility that the
presence of breast cancer has some sys-
temic effect that causes increased BPE
only during the time that the cancer

is present in the breast. Further stud-
ies addressing the BPE seen at breast
MR examinations performed at varying
times before the development of breast
cancer would address this concern. As
more women undergo high-risk breast
MR imaging screening and as quanti-
tative methods of measuring BPE level
and FGT amount at breast MR imag-
ing become available, further prospec-
tive investigations will enable these and
other issues to be addressed.

In conclusion, our study results show
that increased BPE at breast MR im-
aging is associated with greatly in-
creased odds of breast cancer, greater
than MR imaging FGT. These odds may
be as great as those associated with
mammographic density. Additional stud-
ies to elucidate the relationship between
mammographic breast density and MR
imaging BPE, the biologic factors of
BPE, how BPE varies over time, and the
relationship between BPE and breast
cancer tumor type will further clarify
the utility of this measure and its im-
portance as a marker of breast cancer
risk.
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