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Abstract
Purpose—To compare the pathology and kinetic characteristics of breast lesions with focus,
mass and nonmass-like enhancement.

Materials and Methods—852 MRI detected breast lesions in 697 patients were selected for an
IRB approved review. Patients underwent dynamic contrast enhanced MRI using one pre and three
to six post-contrast T1 weighted images. The ‘type’ of enhancement was classified as mass, non-
mass or focus, and kinetic curves quantified by the initial enhancement percentage (E1), time to
peak enhancement (Tpeak) and signal enhancement ratio (SER). These kinetic parameters were
compared between malignant and benign lesions within each morphologic type.

Results—552 lesions were classified as mass (396 malignant, 156 benign), 261 as nonmass (212
malignant,49 benign) and 39 as focus (9 malignant,30 benign). The most common pathology of
malignant/benign lesions by morphology: for mass, invasive ductal carcinoma/fibroadenoma; for
nonmass, ductal carcinoma in situ (DCIS)/fibrocystic change(FCC); for focus, DCIS/FCC. Benign
mass lesions exhibited significantly lower E1, longer Tpeak and lower SER compared with
malignant mass lesions (p < 0.0001). Benign nonmass lesions exhibited only a lower SER
compared to malignant nonmass lesions (p<0.01).

Conclusions—By considering the diverse pathology and kinetic characteristics of different
lesion morphologies, diagnostic accuracy may be improved.
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INTRODUCTION
The high sensitivity of dynamic contrast enhanced magnetic resonance imaging (DCE-MRI)
for the detection of invasive breast cancer has expanded its clinical role to include high risk
screening, pre-operative staging, and post-treatment follow-up (1,2). Several prior reports
have shown that DCE-MRI provides excellent depiction of lesion morphology and,
compared to other imaging modalities, most accurately determines pathologic disease extent
(3–5). In addition, qualitative and quantitative measures of contrast media uptake and
washout—or kinetic—time course curves provides a functional lesion characterization, and
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have been correlated with biomarkers, such as microvessel density, proliferative index and
nuclear grade (6,7). Thus, DCE-MRI of the breast allows for simultaneous characterization
of lesion morphology and physiology, the latter via analysis of kinetic curves.

Classification of morphology according to the Breast Imaging Reporting and Data System
(BIRADS) lexicon (8) begins with categorizing the ‘type’ of enhancement as focus, mass or
nonmass-like (Figure 1). According to the same lexicon, kinetic curves are classified as
exhibiting a ‘washout’, ‘plateau’ or ‘persistent’ shape(9). Mass lesions are the most common
finding: benign mass lesions are often round or oval in shape, with smooth margins, and
exhibit ‘persistent’ type curves, while malignant mass lesions are often irregularly shaped,
with irregular or spiculated margins and display ‘washout’ type curves (10,11). Nonmass-
like enhancement is less common although it is the predominant morphology of preinvasive
ductal carcinoma in situ (DCIS) which exhibits a variety of kinetic curve shapes (12–14).
While several reports have documented the morphologic and kinetic characteristics of
benign and malignant lesions, few have studied the relationship between lesion morphology
and kinetics in a large number of patients (15–17). Such analysis is desirable, as differential
diagnosis will most often involve distinguishing benign from malignant lesions of the same
morphologic type—it is unlikely a malignant nonmass lesion would be mistaken for a
benign mass lesion, and vice versa.

Indeed, it is likely that focus, mass and nonmass enhancement patterns reflect fundamental
differences in underlying lesion pathology, physiology and biology, which may in turn
affect their kinetic curve characteristics. Consequently, the kinetic parameters and criteria
that work best to distinguish benign and malignant mass lesions may not work as well with
focus or non-mass lesions. In this study we set out to categorize the pathology and kinetic
characteristics of focus, mass and nonmass-like enhancement in a large patient population,
including performing qualitative and quantitative kinetic analysis and measures of
diagnostic accuracy in each type of enhancement.

MATERIALS AND METHODS
Patients

At our institution, we maintain a HIPAA compliant research database in which patient
image data for this study was collected under an IRB approved waiver of consent. For each
patient presenting for DCE-MRI of the breast, the database stores the radiologist-determined
MRI findings. In addition, the corresponding pathologic diagnosis for each MR detected
lesion is recorded (when available) based on consensus opinion of two pathologists. The
most common indications for breast DCE-MRI are pre-operative staging of newly diagnosed
cancers, postoperative and treatment follow-up, and screening of women at high-risk for
developing breast cancer. A retrospective review of 697 consecutive patients with
pathologic findings yielded 852 lesions that were histologically proven to be either benign
lesions or newly-diagnosed cancers. The average patient age was 54.5 ±13.6 years, and
average lesion size was 21.5±18.9 mm. After review of final pathology reports, 235 lesions
were determined to be benign and 617 malignant. The malignant lesions were further
classified as invasive ductal carcinoma (IDC), ductal carcinoma in situ (DCIS), invasive
lobular carcinoma (ILC) or ‘other’ based on review of final pathology reports. Similarly, the
benign lesions were classified as fibroadenoma, papilloma, fibrocystic change (FCC), breast
tissue, or ‘other’.

MR Imaging Protocol and Analysis
MR imaging was performed using three different imaging systems, as detailed in Table 1.
Patients were all imaged in the prone position, and obtained pre-contrast T2-weighted fast
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spin echo acquisitions in the axial plane. For DCE-MRI scans, a 3D T1 weighted imaging
protocol was utilized with primary acquisition in either the coronal or axial plane. 20 ml of
0.5mmol/ml Gadodiamide (Omniscan; Nycomed-Amersham, Princeton, NJ) was injected
intravenously followed by a 20 ml saline flush at the rate of 2.0 ml/sec. Twenty seconds
after contrast administration the first post-contrast acquisition was started, and for all
examinations the first, second and last post-contrast dataset were acquired after
approximately one, two and six minutes, respectively. All analysis of lesion enhancement
(morphology and kinetics) was performed on subtraction images.

As part of routine clinical reporting at our institution, the morphology of each MR detected
lesion is prospectively analyzed according to the BIRADS lexicon, beginning with
classification of the type of enhancement as ‘mass’, ‘nonmass’ or ‘focus’ (9). This
morphology assessment is performed under consensus opinion of two radiologists, and is
blinded to the lesion final pathology (although not necessarily prior biopsy findings).

Previously observed significant differences between kinetic curves acquired on different MR
systems precluded pooling of kinetic data (18). Thus, only lesions imaged on System A were
used for qualitative and quantitative analysis of lesion contrast kinetics, due to the
substantially larger number and the more representative distribution of mass, nonmass and
focus lesions included (Table 1). A total of 574 lesions were thus included for kinetic
analysis, of which 403 were malignant and 171 benign. One experienced radiologist
retrospectively reviewed the images at least one year after the morphology classification,
and was blinded to the lesion pathology and final MRI interpretation. To generate the kinetic
curve, the radiologist used institutional software written in IDL (Research Systems, Inc.,
Boulder, CO, USA) to allow for manual generation of kinetic curves and subsequent
extraction of kinetic curve data points to facilitate further mathematical analysis. The
radiologist traced a small region of interest (ROI) around what was perceived to be the most
enhancing part of the lesion on the first post-contrast image. The plot of signal intensity vs.
time for this ROI was assessed by the radiologist according to the BIRADS lexicon, which
describes the initial rise (‘rapid’, ‘medium’, ‘slow’) and delayed phase (‘persistent’,
‘plateau’, ‘washout’) of the kinetic curve(9). In addition to this qualitative assessment of
kinetics, several quantitative parameters were calculated: the initial and peak enhancement
percentages (E1 and Epeak), the time to peak enhancement (Tpeak) in seconds (10), and the
signal enhancement ratio (SER) a measure of contrast media washout relative to the first
post contrast point (19).

Statistical Analysis
The distribution of pathology subtypes were compared between mass and nonmass lesions
using the Pearson’s χ2 – test. Similarly, to compare the proportion of ‘washout’ vs. ‘plateau’
and ‘persistent’ curves (or ‘rapid’ vs. ‘medium’ and ‘slow’) the Pearson’s χ2 – test was used.
For large sample (n >30) comparisons, the two-tailed unequal variance Student’s t-test was
performed to evaluate which quantitative kinetic parameters showed significant differences
between focus, mass and nonmass lesions, as well as in subpopulations of benign and
malignant. For small sample comparisons (n <30), the Mann-Whitney rank and rum test was
used. For all statistical analysis, a p value less than 0.05 was considered statistically
significant. The Holm-Bonferroni correction method was used to account for multiple
comparisons(20).

The sensitivity and specificity of BIRADS kinetic descriptors were calculated separately in
focus, mass and nonmass lesions. In addition, receiver operating characteristic (ROC)
analysis was performed to compare the diagnostic performance of the kinetic parameters in
the whole population, as well as in subpopulations of focus, mass and nonmass lesions.
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ROCKIT software (ROCKIT 0.9B Beta Version) was used to generate the ROC curves and
to compare area under the curve (Az) values using the area test.

RESULTS
Pathology of Focus, Mass and Nonmass Lesions

Overall, 552 lesions were classified as exhibiting mass-like enhancement, with 71.7%
(396/552) malignant and 28.3% (156/552) benign; 261 were classified as nonmass lesions,
with 81.2% (212/261) malignant and 18.8% (49/261) benign; 39 were classified as focus,
with 23.1% (9/39) malignant and 76.9% (30/39) benign. Malignant mass and nonmass
lesions differed significantly in their pathology subtype breakdown (p < 0.0001 by χ2-test)
where the former were predominantly IDC and the latter predominantly DCIS (Table 2).
Similarly, benign mass and nonmass lesions exhibited significantly different pathologies (p
< 0.002), with fibroadenomas comprising the largest proportion of benign mass lesions and
FCC the largest proportion of benign nonmass lesions (Table 2). The predominant pathology
of focus lesions was FCC and breast tissue. The average lesion size of malignant mass
lesions was 20.6±14.9 mm, while benign mass lesions were smaller, at 10.3±4.2 mm on
average. Malignant nonmass lesions extended 36.1±24.8 mm on average, compared to
benign nonmass lesions at 18.9±12.2 mm.

Kinetics of Focus, Mass and Nonmass Lesions
Kinetic curves (Figure 2) were generated in 574 lesions, of which 360 were classified as
exhibiting mass-like enhancement, with 69.7% (251/360) malignant and 30.3% (109/360)
benign; 182 were classified as nonmass lesions, with 79.7% (145/182) malignant and 20.3%
(37/182) benign; 32 were classified as focus, with 21.9% (7/32) malignant and 78.1%
(25/32) benign. Overall, mass lesions (benign or malignant) exhibited a higher proportion of
curves classified as ‘rapid’ initial uptake and ‘washout’ delayed phase compared with
nonmass and focus lesions (p <0.02, Figure 3). Malignant mass lesions demonstrated a
significantly higher proportion of curves classified as having ‘rapid’ initial rise at 91%,
compared to benign mass lesions at 59% (p < 0.001). In addition, 72% of malignant mass
lesions exhibited ‘washout’ type curves, compared to only 34% of benign mass lesions (p <
0.0001). Analysis in nonmass lesions yielded similar findings: malignant vs. benign
nonmass lesions displayed an increased proportion of curves classified as ‘rapid’ initial rise
(77% vs. 54%, p<0.03) and ‘washout’ delayed phase (54% vs. 17%, p< 0.0002).

Quantitative kinetic analysis revealed similar trends. Mass lesions, regardless of pathology,
exhibited statistically significant differences compared with nonmass lesions (Table 3),
including higher E1 (285% vs. 210%, p<10−7), Epeak (348% vs. 265%, p<10−7), SER (1.02
vs. 0.90, p < 0.0009) and shorter Tpeak (167 sec vs. 209 sec, p < 0.0001). Malignant mass
lesions exhibited considerably larger E1, SER and shorter Tpeak compared with benign mass
lesions (Table 3, p < 10−6), whereas nonmass malignant lesions exhibited only significantly
higher SER i.e., stronger washout, compared with nonmass benign lesions (0.93 vs. 0.76,
p=0.008). For focus lesions, no statistically significant differences were found between
benign and malignant subtypes (p > 0.4 by Mann-Whitney test).

For the qualitative descriptors of contrast media kinetics, sensitivity increased while
specificity decreased slightly in mass lesions, although 95% confidence intervals for
specificity values demonstrated considerable overlap among types of enhancement. To
evaluate diagnostic performance of the quantitative kinetic parameters, ROC analysis
yielded Az values for each kinetic parameter evaluated in the whole population, as well as
separately in focus, mass and nonmass lesions (Table 4). Az values were higher in mass
compared to nonmass and focus lesions for all parameters except Epeak, although these
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differences were not statistically significant (p > 0.06). The parameter SER provided the
highest diagnostic accuracy for both mass and nonmass lesions. ROC curves of SER in
focus, mass and nonmass lesions are displayed in Figure 4 and show that at a sensitivity of ~
80% the specificity of SER is 55% in mass lesions, and only 35% and 25% in nonmass and
focus lesions, respectively.

DISCUSSION
Over a decade of studies have culminated in the conventional kinetic standards used today to
distinguish benign from malignant breast lesions(11,21–22). However, improvements in
diagnostic accuracy of kinetic analysis are still needed, as many benign and malignant
lesions exhibit considerable kinetic overlap. If a radiologist is presented with a mass,
nonmass or focus lesion of unknown pathology, is the diagnostic accuracy of conventional
kinetic analysis equally effective in these different types of lesions? To address this
question, we have performed to our knowledge the largest single institution study relating
quantitative kinetic and pathologic characteristics to lesion morphology (15–17,22–31). Our
results suggest that quantitative kinetic parameters are more diagnostically useful in mass
lesions compared to nonmass lesions, and not effective for focus enhancement. With high
significance, malignant mass lesions exhibited faster contrast uptake, shorter time to peak
enhancement, and stronger washout compared to benign mass lesions. In comparison,
nonmass malignant and benign lesions differed significantly only in the washout parameter
SER.

Interestingly, for both mass and nonmass lesions SER proved to be the most diagnostically
useful kinetic parameter, underscoring its previously demonstrated robustness and utility
(19,32–33). This is in contrast to prior reports analyzing contrast kinetics in smaller
populations of nonmass lesions (15–16), wherein the diagnostic accuracy of kinetic
parameters of both uptake and washout was poor. Thus, our results do suggest a path
forward to improving diagnostic accuracy in nonmass lesions via enhanced analysis of
lesion washout, for example, by using an automated algorithm to select a representative
kinetic curve (34), or by applying measures of kinetic heterogeneity (16,35). In addition,
acquiring DCE-MRI data at higher temporal resolution may also improve diagnostic
accuracy by providing a refined quantitative measure of contrast kinetics (36–38).
Employing novel imaging techniques including spectroscopic (23) and diffusion-weighted
(27) imaging may also aid in lesion characterization, as would analysis of other morphologic
descriptors, such as distribution or internal enhancement pattern (17,25,39).

Exploring these and other strategies to improve the reliable identification of malignant
nonmass and focus lesions by DCE-MRI is an important clinical goal. Prior reports have
noted that the increased false-positive rates of DCE-MRI for these types of lesions is a
drawback limiting its widespread use (17,40–41). Others have pointed out that the
considerable overlap of kinetic patterns of DCIS with benign lesions compromises its
reliable identification (13,39,42–43). Focus lesions are particularly challenging; the
malignant foci in our study exhibited conventionally benign kinetic characteristics, although
generalization is not possible due to the small number of focus lesions included. For this
type of enhancement the path to increased diagnostic accuracy is not clear, as foci are by
definition too small to be characterized morphologically or to exhibit kinetic heterogeneity.

Our results demonstrate that mass, nonmass and focus-type enhancement patterns reflect not
only different morphologic categories but also distinct pathologies and kinetic patterns.
Overall, mass lesions, regardless of whether benign or malignant, showed significantly
higher contrast uptake than nonmass and focus lesions, as well as earlier time to peak
enhancement and stronger washout. These stark morphologic and kinetic differences are
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likely related to fundamental differences in underlying lesion physiology; understanding the
physiologic basis for contrast media kinetics may aid in the development of improved
mathematical modeling and interpretation of kinetic data that can ultimately improve
sensitivity and specificity of kinetic analysis. For example, it was recently suggested that
contrast uptake of DCIS—which comprised half the nonmass lesions in our study — may be
due to gadolinium penetrating through leaky basement membranes of neoplastic ducts and
collecting in the lumen(44). This observation could help to explain the nonmass-like
enhancement pattern of DCIS, the persistent and plateau curve type often noted for these
lesions, and could improve modeling of contrast kinetics in nonmass lesions.

There are several limitations to this study. First, only those benign lesions that were
suspicious enough to warrant biopsy and pathologic evaluation were included. This will
result in a biased kinetic and pathologic distribution, since most obviously benign lesions
would not be sent for pathologic evaluation. Second, the kinetic curves of nonmass lesions
and enhancing foci are vulnerable to partial volume effects, as small ROI’s placed on the
lesion may also capture portions of the surrounding normal tissue. Third, the imaging
protocols used varied in dose and temporal sampling, which may affect the reliability of
some kinetic parameters. Importantly, prior studies have demonstrated that the parameter
SER is not adversely affected by these inconsistencies(45), and thus our findings regarding
the diagnostic utility of SER are not compromised. Finally, kinetic analysis was performed
only on one curve selected manually by one radiologist. While our study does not address
variability in kinetic measurements between readers, one of the strengths is the large number
of mass and particularly nonmass lesions included (22–23,28–31), so that variability in
kinetic characteristics between lesions can be accounted for.

To summarize, by analyzing 852 breast lesions on MRI we have found that mass, non-mass
and focus type enhancement reflect not only fundamentally different morphologies but also
diverse pathologies and kinetic characteristics. This observation may be useful for
computer-aided diagnosis systems, suggesting that diagnostic accuracy can be improved if
kinetic classifiers are trained separately in lesions based on type of enhancement, or if
multiple-class classifiers are used (46). Our results also indicate that the efficacy of kinetic
analysis is improved in mass lesions compared to nonmass and focus lesions, and
accordingly that kinetic analysis should be performed after morphology assessment: in mass
lesions, parameters related to both uptake and washout are of diagnostic utility, while in
nonmass lesions only washout parameters may be relevant. Although the significance of our
results should be strengthened and established in larger groups of patients with different
imaging platforms, this work suggests that tailoring appropriate kinetic feature selection to
lesion morphology may help optimize the diagnostic accuracy of DCE-MRI.
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Fig. 1.
T1 weighted axial post-contrast subtraction images demonstrating: a) mass-like enhancement
in a 47 year old woman representing IDC, b) nonmass-like enhancement in a 54 year old
woman representing DCIS, and c) focus enhancement in a 61 year old woman representing
DCIS.
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Fig. 2.
Representative kinetic curves of malignant and benign lesions of each enhancement type: a)
mass-like enhancement: malignant IDC and benign fibrocystic change (FCC), b) nonmass-
like enhancement: malignant DCIS and benign FCC, and c) focus enhancement: malignant
DCIS and benign FCC.
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Fig. 3.
BIRADS qualitative descriptors of a) initial rise and b) delayed phase, in mass, nonmass and
focus lesions overall, as well as benign and malignant subtypes.
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Fig. 4.
ROC curves of the parameter SER in focus lesions (dashed line), mass lesions (dark grey
line), and nonmass lesions (light grey line). This plot demonstrates improved diagnostic
performance of SER in mass compared with nonmass and focus lesions.
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Table 1

Imaging systems and acquisition parameters used and total number of lesions.

System A System B System C

Magnet 1.5T GE Genesis Signa 1.5T GE Signa Excite 1.5T Philips Achieva

Acquisition plane Coronal Axial Axial

Pulse sequence 3D SPGR 3D FGRE 3D FFE

TR/TE (ms) 7.7/4.2 4.3/2.0 7.9/3.9

Flip angle (degree) 30 10 10

Slice thickness (mm) 3.00 2.00 2.00

In plane resolution (mm) 1.4 0.82 0.94

Temporal resolution (s) 68 58 55

# of post-contrast 3 or 5a 4 or 6 4 or 6 b

Fat suppression (y/n) n y y

Parallel imaging (y/n) n y y

Total benign lesions (#mass, #nonmass, #focus) 171 (109, 37, 25) 33 (22,7,4) 31 (25,5,1)

Total malignant lesions (#mass, #nonmass, #focus) 403 (251,145,7) 99 (69,28,2) 115 (76,39,0)

a
The first two post-contrast images were acquired every 68 seconds. For the five point dynamic protocol, the remaining three images were acquired

with 68 second resolution. For the three point dynamic protocol, the first two post-contrast acquisitions were followed by acquisition of high spatial
resolution sagittal images for 128 seconds, and returning to a final dynamic, 68 second, acquisition.

b
For Systems B and C, the first post-contrast acquisition was again started 20 seconds after contrast injection and the first three post-contrast

images were acquired every 55–58 seconds. For the six point dynamic protocol, the remaining three images were acquired with 55–58 second
resolution. For the four point dynamic protocol, the first two post-contrast acquisitions were followed by acquisition of high spatial resolution
sagittal images and returning to a final dynamic acquisition.
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Table 4

Diagnostic performance of the quantitative kinetic parameters E1, Epeak, SER and Tpeak. Area under the
curve (Az) values, calculated from generated ROC curves, are displayed with 95% confidence intervals in
parentheses.

Overall Mass Nonmass Focus

E1 (%) 0.65 (0.59, 0.70) 0.66 (0.60, 0.73) 0.61 (0.49,0.72) 0.49 (0.27,0.70)

Epeak (%) 0.56 (0.50,0.62) 0.54 (0.47, 0.61) 0.60 (0.48,0.72) 0.47 (0.26, 0.68)

Tpeak (sec) 0.67 (0.61,0.72) 0.72 (0.65, 0.78) 0.58 (0.44,0.70) 0.53 (0.25,0.79)

SER 0.71 (0.66,0.76) 0.75 (0.69,0.81) 0.670.55,0.76) 0.48(0.27,0.70)
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