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Abstract

Purpose To evaluate the distribution pattern of kinetic

parameters in breast cancers with various molecular

subtypes.

Materials and methods This study was approved by

institutional review board and was compliant with HIPAA.

We classified 192 invasive breast cancers of 186 patients

into four molecular subtypes using hormone receptor (HR)

and human epidermal growth factor receptor 2 (HER2)

results and evaluated the distribution pattern of kinetic

parameters (percent volume of kinetic types relative to the

tumor volume) in the molecular subtypes.

Results In the delayed phase, all three types of kinetic

parameter (persistent, plateau, and washout pattern) were

observed in each molecular subtype without any dominant

type of kinetic parameter. The percentages of washout

pattern in the HR? and HER2- type and triple negative

(TN) cancers tended to be lower than those in the other

molecular subtype cancers.

Conclusion Each molecular subtype of invasive breast

cancer showed a heterogeneous kinetic pattern in dynamic-

contrast magnetic resonance imaging (MRI). The HR?/

HER2- cancers and the TN cancers had relatively lower

percentages of washout pattern. When a manual assessment

of the kinetic parameters is performed, close attention

should be paid in order to identify the malignant washout

kinetic pattern, particularly in HR?/HER2- cancer and

TN cancer.

Keywords Breast � MRI � Molecular subtype � Dynamic

contrast-enhanced study � Kinetic pattern

Introduction

Breast cancer is a heterogeneous disease. Several studies

using microarray technology and cluster analyses of gene

profiling have provided a new classification of breast

cancer: the molecular subtype [1–4]. These studies have

shown that several breast cancer subtypes that vary in gene

expression and clinical course are identifiable [1–4]. In this

classification, at least four major subtypes are identified:

Luminal A type, Luminal B type, HER2 (human epidermal

growth factor receptor 2) type, and Basal cell type [1–4].

Immunohistochemical (IHC) staining has been shown to be

a reliable surrogate for these subtypes [3–5]. Clinically, the

term ‘‘triple-negative cancer’’ (TN) has been used for the

Basal cell type as a surrogate.

The two Luminal subtypes are the most common sub-

types, and they are more often low-grade compared to the
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HER2 and Basal cell subtypes. Luminal subtypes carry a

relatively better prognosis than the others, but the Luminal

B type tends to be higher grade than the Luminal A type

and has a worse prognosis than Luminal A [3, 4]. The

HER2 type is more likely to be high-grade and poorly

differentiated [4]. The Basal cell type (triple-negative

cancer) has a high proliferation rate, is not amenable to

conventional target therapies, and has a poor prognosis [3,

4]. In addition, each breast cancer is unique in its appear-

ance, due not only to the difference in subtype, but also to

various components in the tumor such as necrosis, fibrosis,

hemorrhage, and mucin.

We speculated that when breast cancer contains such

components, the kinetic parameters obtained in a dynamic

study using post-contrast breast magnetic resonance

imaging (MRI) will be heterogeneous. The typical malig-

nant kinetic pattern shows a rapid uptake in the early phase

and a washout pattern in the delayed phase, but it is also

well known that the kinetic pattern is influenced by the

various histological subtypes and tumor components [6–

16]. In Japan, when we assess the kinetic parameters, the

region of interest (ROI) is usually placed manually.

CADstream, a dedicated breast MRI workstation, can

automatically assess the kinetic parameters in whole breast

lesions. With the CADstream, color-overlay (an angiomap)

shows the changes in signal intensity over time.

Some studies have shown the correlation of radiologic

findings with each molecular subtype of breast cancer [17–

22]. However, to the best of our knowledge, there has been

no study that evaluated the association between the distri-

bution of kinetic parameters and each molecular subtype of

breast cancer. If there are some associations, they may

indicate the molecular subtype, and this indication may be

useful for therapeutic planning for breast cancer. The

present study was conducted to clarify the distribution

patterns of kinetic parameters in regard to the molecular

subtypes of breast cancer.

Materials and methods

Patients

This retrospective study was approved by institutional

review board at the University of Chicago and was com-

pliant with HIPAA (the US Health Insurance Portability

and Accountability Act of 1996). Informed consent was

waived. Between January 2010 and August 2011, 236 cases

of breast cancer were proven by biopsy or surgery in 228

women (eight of the 228 women had bilateral breast can-

cers) who underwent breast MRI at the University of

Chicago. Of these 236 cancers, 34 were excluded from our

study because the final pathology was pure ductal

carcinoma in situ (DCIS), and 10 cancers were excluded

because the distribution of kinetic parameters was not

available. The exclusion of these 44 cancers left 192 cases

of invasive breast cancer from 186 women (range

23–87 years old, mean 58.1 years old) that comprised the

study population.

MRI technique

During the study period, we used two different MRI

techniques with a dedicated breast coil and the patient in

the prone position. In 97 patients, MR exams were per-

formed using a 1.5 Tesla system (Achieva 1.5T, Philips

Healthcare). The imaging protocol obtained axial, fast

spin-echo, T2-weighted images (TR/TE 2000/326, echo

train length 15, slice thickness 2 mm, matrix 480 9 480,

FOV 360 mm), and a dynamic contrast-enhanced study

was performed using one pre- and six post-contrast-

enhanced, axial, T1-weighted images with a 3D gradient-

echo sequence with fat suppression (5.5/2.7, flip angle 10�,
matrix 480 9 480, slice thickness 2 mm, FOV 360 mm,

acquisition time 75 s).

In 95 patients, MR exams were performed using a 3

Tesla system (Achieva 3T Tx, Philips Healthcare). The

image protocol obtained axial, fast spin-echo, T2-weighted

images (TR/TE 2000/270, echo train length 15, slice

thickness 1.6 mm, matrix 448 9 448, FOV 340 mm), and

a dynamic contrast-enhanced study was performed using

one pre- and five post-contrast-enhanced, axial, T1-

weighted images with a 3D gradient-echo sequence with

fat suppression (4.9/2.47, flip angle 10�, matrix 448 9 448,

slice thickness 1.6 mm, FOV 340 mm, acquisition time

65 s). The contrast material was injected intravenously

[0.1 mmol/kg of gadodiamide (Omniscan, GE Healthcare)]

and followed by a 20-mL saline flush at a rate of 2 mL/s. In

the dynamic contrast-enhanced study, the first post-contrast

phase was scanned just after the contrast material injection.

Postprocessing

All MRI scans were collected and sent to a dedicated

Breast MR workstation (CADstream, version 4.1.3, Merge

Healthcare, Chicago, IL). With the CADstream, a color

overlay (an angiomap) showing the changes in signal

intensity over time is automatically made in all slices using

a predefined minimum threshold (Figs. 1b, 2b). We defined

the minimum threshold as a 50 % increase in relative

enhancement in the initial phase of the enhancement (i.e.,

the first 2 min or the second phase of the dynamic contrast-

enhanced study). When the relative enhancement increase

was 50–100 % in the initial phase, we defined it as

‘‘medium uptake’’, and when it was more than 100 %, we

defined it as ‘‘rapid uptake’’. When the signal intensity
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continued to show an increase (10 % or more) at the

delayed phase of the enhancement (at 5 min after the

contrast injection), we defined it as ‘‘persistent’’, and when

the signal intensity remained constant at the delayed phase,

we defined it as a ‘‘plateau’’. When the signal intensity

showed a decrease (10 % or less) at delayed phase, it was

defined as a ‘‘washout’’.

By choosing the ‘‘volumes’’ option in the CADstream

and clicking on a voxel in the tumor, the CADstream

program automatically provides the 3D volume of the

tumor by segmenting continuous enhancing voxels.

Clicking on a voxel in the tumor was performed by one

radiologist (K.Y.). The CADstream also measures the

distribution of kinetic parameters in terms of percent vol-

ume for six kinetic types (medium-persistent, medium-

plateau, medium-washout, rapid-persistent, rapid-plateau,

and rapid-washout) relative to the segmented tumor

(Figs. 1b, 2b).

Fig. 1 Type 3 (ER-, PgR- and HER2?) invasive breast carcinoma

(invasive ductal carcinoma) in a 58-year-old patient. a A post-contrast

subtracted, fat-suppressed, axial, T1-weighted image shows an

enhancing mass with an irregular shape and margin. b In the color-

coded image, the mass appears heterogeneous and has a predominant

washout pattern (red washout pattern, yellow plateau pattern, blue

persistent pattern) (color figure online)

Fig. 2 Type 1 (ER?, PgR? and HER2-) breast carcinoma (invasive

lobular carcinoma) in a 62-year-old patient. a A post-contrast

subtracted, fat-suppressed, axial, T1-weighted image shows an

enhancing mass with an irregular shape and margin. b In the color-

coded image, the mass appears heterogeneous and has a predominant

persistent pattern (red washout pattern, yellow plateau pattern, blue

persistent pattern) (color figure online)
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All images were independently evaluated by two expe-

rienced radiologists (K.Y. and H.A.). The molecular sub-

type of each lesion was blinded during these evaluations. If

the patient had multiple lesions in the ipsilateral breast, the

largest lesion was used for the analysis as an index lesion.

If different assessments were assigned by the two radiol-

ogists, a consensus was reached after the findings were

discussed.

Pathology

All pathology data were based on pathological reports

collected from the electronic medical records of our insti-

tution. Of the 192 cases, there were 39 cases of invasive

ductal carcinoma (IDC), 110 cases of IDC with in situ

components, 34 cases of invasive lobular carcinoma (ILC)

or IDC with lobular components, six cases of mucinous

carcinoma or IDC with mucinous components, two cases of

metaplastic carcinoma, and one case of poorly differenti-

ated carcinoma. We classified these 192 invasive breast

cancers into four molecular subtypes.

At first, we tried to classify the subtypes according to the

St. Gallen International Expert Consensus 2010 [23], but

our data of the cell proliferation marker Ki67 were not

sufficient. Therefore, the classification of molecular sub-

types was only based on the results of IHC staining of

estrogen receptor (ER), progesterone receptor (PgR), and

human epidermal growth factor receptor 2 (HER2), and the

value of HER2/chromosome 17 fluorescence in situ

hybridization (FISH). The IHC staining of ER and PgR was

considered positive when the expression was 10 % or

greater. For the IHC staining of HER2, which was scored

from 0 to 3?, 3? was considered positive and 0 and 1?

were considered negative. If the staining was scored 2?,

greater than 2.2 in the value of FISH was considered

positive.

The classification of the four molecular subtypes was

performed as follows; type 1 ER? (positive) and/or PgR?

and HER2- (negative), type 2 ER? and/or PgR? and

HER2?, type 3 ER-, PgR- and HER2?, type 4 [triple-

negative (TN) cancers] negative for ER, PgR and HER2 [5,

23]. Of the 192 cases, 121 cases were classified as type 1,

21 cases were classified as type 2, 10 cases were classified

as type 3, and 40 cases were classified as TN cancer. The

pathology data are summarized in Table 1.

Statistical analysis

We performed a statistical evaluation of the differences in

median percentages of each kinetic parameter within the

molecular subtypes using the Kruskal–Wallis nonpara-

metric test; p values \0.05 were considered significant.

The PASW statistics 18 software package (SSPS Inc.,

Chicago, IL) was used for this analysis.

Results

The mean size of all lesions was 36.6 mm (range

3–121 mm). Of the 192 lesions, there were one focus

lesion, 150 mass lesions and 41 non-mass-like enhance-

ment lesions. In the manual assessment of kinetic

parameters in the initial phase, 14 lesions (nine type 1,

one type 2, zero type 3, and four type 4 lesions) were

identified as having the medium uptake pattern, and 178

lesions (112 type 1, 20 type 2, 10 type 3 and 36 type 4

lesions) had the rapid uptake pattern. In the manual

assessment of kinetic parameters in the delayed phase, 32

lesions (23 type 1, three type 2, zero type 3 and six type 4

lesions) were found to have the persistent pattern; 18

lesions (14 type 1, two type 2, three type 3, and zero type

4 lesions) had the plateau pattern and 142 lesions (84 type

1, 16 type 2, eight type 3, and 34 type 4 lesions) showed

the washout pattern.

The mean and median percentages of each kinetic

parameter according to molecular subtype are summarized

in Table 2. In the initial phase, the abundant rapid uptake

pattern was more common than the medium uptake pattern

in all four molecular subtypes. There were no significant

differences in the median percentages of medium uptake

and rapid uptake within the molecular subtypes (p = 0.201

and 0.202, respectively). In the delayed phase, each

molecular subtype appeared heterogeneous in terms of

kinetic distribution; all three types (persistent, plateau, and

washout pattern) of kinetic parameters were observed in

Table 1 Pathology results of 192 breast cancer cases and classifi-

cation based on molecular subtype

Type 1

(n = 121)

Type 2

(n = 21)

Type 3

(n = 10)

Type 4

(n = 40)

IDC 12 5 2 20

IDC with DCIS

components

75 10 8 17

ILC or IDC with

lobular components

28 5 0 1

Mucinous carcinoma

or IDC with

mucinous

components

5 1 0 0

Metaplastic carcinoma 1 0 0 1

Poorly differentiated

carcinoma

0 0 0 1

Type 1 ER? and/or PgR? and HER2-, type 2 ER? and/or PgR? and

HER2?, type 3 ER-, PgR- and HER2?, type 4 triple-negative [TN]

IDC invasive ductal carcinoma, DCIS ductal carcinoma in situ, ILC

invasive lobular carcinoma
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each molecular subtype without any type of dominant

kinetic parameter (Figs. 1, 2, 3).

The mean percentages of washout pattern in type 1, type

2, type 3, and type 4 were 24.15 (median 23.00) %, 37.52

(median 41.00) %, 38.00 (median 42.00) %, and 31.08

(33.50) %, respectively, and there was a significant dif-

ference in the median percentage of the washout pattern

within the molecular subtypes (p = 0.014). The mean and

median percentages of the washout pattern in type 1 and

type 4 were lower than those in type 2 and type 3 (Figs. 1,

2, 3). There were no significant differences in the median

percentages of the persistent pattern or plateau pattern

within the molecular subtypes (p = 0.121 and 0.991,

respectively).

Discussion

The results of the present study show that all four of the

breast cancer molecular subtypes we studied have internal

heterogeneity in the distribution of dynamic kinetic

parameters, and that the percentages of the washout pattern

Table 2 Mean and median percentages of kinetic parameters in 192 breast cancer cases categorized by molecular subtype

Type 1

(n = 121)

Type 2

(n = 21)

Type 3

(n = 10)

Type 4

(n = 40)

Medium uptake

p = 0.203

24.86 (10.00) %

(19.34–30.11)

14.48 (1.00) %

(2.61–21.35)

10.90 (1.50) %

(-2.49–24.29)

21.62 (4.00) %

(12.29–30.91)

Rapid uptake

p = 0.202

75.14 (90.00) %

(69.70–80.58)

85.52 (99.00) %

(73.65–97.39)

89.10 (98.50) %

(75.71–102.49)

78.38 (96.00) %

(69.06–87.69)

Persistent pattern

p = 0.121

38.88 (36.00) %

(33.34–43.74)

26.10 (18.00) %

(13.88–37.55)

23.60 (21.50) %

(12.54–34.66)

33.04 (24.50) %

(25.08–41.02)

Plateau pattern

p = 0.991

36.97 (37.00) %

(33.66–40.27)

36.38 (35.00) %

(29.14–43.62)

38.40 (37.50) %

(29.83–46.97)

35.88 (37.00) %

(31.72–40.03)

Washout pattern

p = 0.014

24.15 (23.00) %

(20.21–28.09)

37.52 (41.00) %

(25.33–49.71)

38.00 (42.00) %

(22.13–53.87)

31.08 (33.50) %

(24.84–37.31)

Type 1 ER? and/or PgR? and HER2-, type 2 ER? and/or PgR? and HER2?, type 3 ER-, PgR- and HER2?, type 4 triple-negative [TN]

The data in parentheses are the median percentage of kinetic parameters ? the 95 % confidence interval

Fig. 3 a A chart of kinetic parameters in the initial phase shows that

each molecular subtype has more of the rapid uptake pattern than the

medium uptake pattern. b A chart of kinetic parameters in the delayed

phase shows that each molecular subtype has internal heterogeneity of

kinetic parameters. The mean percentages of the washout pattern in

the type 1 (ER? and/or PgR? and HER2-) and type 4 (triple-

negative cancers) were lower than those in the type 2 (ER? and/or

PgR? and HER2?) and type 3 (ER-, PgR- and HER2?)
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in the type 1 [hormone receptor (HR)? and HER2-) and

type 4 (TN cancer) cancers tended to be lower than those in

the type 2 (HR? and HER2?) and type 3 (HR- and

HER2?) cancers. This tendency might have been caused

by the variety of histological components in each molec-

ular subtype.

Invasive breast cancers including lobular components

and mucinous components were most frequently seen in

the type 1 cancers (82 and 83 %, respectively).

In previous reports, large populations of invasive lobular

carcinoma and mucinous carcinoma were characterized as

HR? and HER2- (equal to our type 1) [24–29]. Invasive

lobular carcinoma tends to show a non-washout pattern

more often than invasive ductal carcinoma in dynamic

contrast MRI [12, 13]; this may be caused by the invasion

of cancer cells through fibrous connective tissue [25].

Mucinous carcinoma also tends to show a non-washout

pattern (particularly the persistent pattern) because of its

mucin component, which causes slow diffusion of the

contrast material [14, 15]. In addition, DCIS shows a var-

iable enhancement pattern from washout to persistent pat-

tern [16]. In our present study, DCIS was most frequently

associated with IDC in the type 1 cancers. We suspect that

these variable histological components in the type 1 can-

cers are the cause of its heterogeneity and less-frequent

washout pattern.

Here, the type 4 (TN cancer) cancers also tended to

show the washout pattern less frequently compared to the

type 2 and 3 cancers. TN cancer is highly associated with

central scarring and tumor necrosis [30, 31]. Uematsu et al.

[18] reported that TN cancer tends to show a persistent

pattern, possibly due to the presence of components such as

central scarring and tumor necrosis.

In our study, each molecular subtype appeared hetero-

geneous in terms of kinetic distribution. All three types of

delayed-phase kinetic parameters (persistent, plateau, and

washout pattern) were observed in each molecular subtype

without any type of dominant kinetic parameter. It is thus

difficult to suggest the molecular subtype from our results

using CADstream assessments. However, the CADstream

can automatically assess the kinetic parameters in whole

breast lesions, and we can more easily see the heteroge-

neous distribution of kinetic parameters and identify the

malignant washout pattern using the CADstream compared

to with manual assessment.

According to the American College of Radiology

Breast Imaging Reporting and Data System (BI-RADS),

in the kinetic curve assessment in MRI, the ROI should

be placed on the fastest-enhancing portion of the lesion

or the most suspicious washout curve pattern in the

lesion [10]. However, if the kinetic pattern is heteroge-

neous, and the percentage of washout parameter is rel-

atively lower within a cancer such as a type 1 (HR? and

HER2-) or TN cancer, the typical malignant washout

kinetic pattern may be missed. Thus, close attention

should be paid to identification of the malignant kinetic

pattern in cancers that have a heterogeneous kinetic

pattern, when the kinetic parameters must be obtained

through a manual assessment.

In the manual assessment of delayed-phase parameters,

we observed a predominant pattern: 37 of the 121 type 1

lesions were assessed as showing the non-washout pattern.

However, the lesions with the non-washout pattern that we

assessed manually may include a small amount of the true

washout pattern because of intratumoral heterogeneity.

When only manual assessments (without a color-coded

map) of internal heterogeneity are conducted, such dis-

crepancies may occur.

Our study has some limitations; one is that there was a

relatively small number of type 3 (HR- and HER?) cases

(n = 10) compared to the other subtypes. Further studies

with large numbers of cases are needed for more mean-

ingful results. Another limitation is the lack of comparison

with benign lesions. However, previous studies reported

that benign breast lesions mainly show homogeneous

enhancement in post-contrast MRI morphologically [9, 32].

On this basis, we suspect that many benign breast lesions

show a more homogeneous distribution pattern than breast

cancer in this kinetic analysis. Further comparison studies

of each molecular subtype of cancer and benign lesions

may help clarify this issue.

In conclusion, each of the four molecular subtypes of

invasive breast cancer studied here had particular hetero-

geneous kinetic parameters. The percentages of the wash-

out pattern in the type 1 (HR? and HER2-) and type 4

(TN) cancers tended to be lower than those in the type 2

(HR? and HER2-) and type 3 (HR- and HER2?) can-

cers. We should pay close attention to identification of the

malignant washout kinetic pattern in cancers that have a

heterogeneous kinetic pattern, particularly in type 1 and

TN cancers when a manual assessment of the kinetic

parameters is performed.
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