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Werner A. Kaiser, MD « Eberhard Zeitler, MD

Breast Imaging

Heywang SH

MR Imaging of the Breast: Fast Imaging
Kaiser WA Sequences with and without Gd-DTPA

Preliminary Observations!
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Breast Imaging

LT T ————

MR Imaging of the Breast: Fast Imaging
Sequences with and without Gd-DTPA

Preliminary Observations

100

min

Figure 5. (a) Axial three-dimensional FLASH images before, 30 seconds after, and every
minute after intravenous injection of 0.1 mmol/kg of Gd-DTPA (same section position).

(b) Percentage increase in signal intensity (I) after injection of 0.1 mmol/kg Gd-DTPA in dif-
ferent breast tissues from those in a. CA = carcinoma, M = muscle, P = normal parenchyma,

F = fat.
FLARMRI D FE 52
Dynamic MRI
Heywang SH
Kaiser WA
1988 2013
I e e e e s I
L L L L L L L L L L L
1990 2000 2010

Breast cancers showed a sudden increase within the first 2 min.
Rapid contrast uptake is very important.

Time of acquisition 1 min
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Dynamic MRI

Heywang SH

Kaiser WA

3D High-resolution MRI

FLIRMRI D FE 5

W. Bradley Pierce, MD + Steven E. Harms, MD * Duane P. Flamig, MD * Richard H. Griffey, PhD
W. Phil Evans, MD ¢ James E. Hagans, MD

Heywang SH
Three-dimensional Gadolinium-enhanced MR

| Imaging of the Breast: Pulse Sequence with Fat
Kai¢| sSuppression and Magnetization Transfer Contrast

Work in Progress’

Harms SE  Orel SG

3D High-resolution MRI
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W. Bradley Pierce, MD * Steven E. Harms, MD + Duane P. Flamig, MD + Richard H. Griffey, PhD
W. Phil Evans, MD « James E. Hagans, MD

Three-dimensional Gadolini h d MR
Imaging of the Breast: Pulse Sequence with Fat
Suppression and Magnetization Transfer Contrast
Work in Progress’

POST-CONTRAST

a. c.

Figure 11. Patient 10. Fat necrosis. () Mammogram demonstrates spiculated mass (arrow)
with central area of decreased opacity at site of biopsy performed 6 years prior to examina-
tion, (b) Pre- and (c) postcontrast MT-FATS MR images show nonenhancing mass (arrow)

with central area of low signal intensity corresponding to central area of decreased opacity
seen on mammogram.

FLIRMRI D FE 5

Dynamlc MRI Dynamic MRIZHHTH 5.
Heywang SH
R 95%
FEE. 53 Y%
Kaiser WA i k
Boetes C '
1988 g
I B
rrrrmmm
1990
L3

Harms SE  Orel SG

a d. e
Figure 1. Invasive ductal carcinoma of the right breast. (a) Mammogram shows possibly malignant lesion in upper half of right breast

(b-¢) Dynamic TurboFLASH subtracted MR images show enhancement of the lesion (arrow) at (b) 4.6 seconds, (c) 9.2 seconds, (d) 11.5 seconds,
and (e) 23 seconds following aortic opacification (true-positive diagnosis).
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Dynamic MRI

Kuh!l CK  Fischer U
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Dynamic MRI

Heywang SH

Practical CK  Fischer U

MR Mammography
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Fischer’s score

# Thieme

YLERMRI D R B

New BI-RADS-MRI

Dynamic MRI

ACRBI-RADS® ATLAS

Heywang SH
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BI-RADS-MRI

3D MRI
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BI-RADS-MRI Lexicon ; 2003ACR

Non-Mass-Like Enhancement

Distribution Linear / Ductal /
Focal area / Regional / Segmental
Multiple regions / Diffuse

Internal enhancement Homogeneous, Heterogeneous,
Stippled, punctate
Clumped
Reticular, dendric

Non-Mass-Like Enhancement

|1. Distribution Pattern

NR Tozaki M. 2006 Single Quadrant Multiquadrant

sdltnry Lesion Gmuped Lesion

High-Spatial-Resolution MRI Lm, Sogmenat ';a,g:' Roglonsi 5 LR

of Non-Masslike Breast Lesions: AN
Interpretation Model Based on @ @ . . . ’
BI-RADS MRI Descriptors

LZ Evaluation of the Ductal Pattern ]

1 1

Linear- Linear- Non-
Ductal Branching-Ductal branching

C € € ¢

| 3. Internal Enhancement |

Homogeneous
Homogeneous Clumped  Stippled
Clumped Clumped
Heterogeneous

Going JJ, et al. Es
clinical and biolog
mammary duct an
J Pathol, 2004

4. Evaluation of the Clustered Ring Enh

13
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“ Ductal ” enhancement ?

Ductal enhancement on MR imaging of the breast

cluster of cysts with apocrine
metaplasia

Liberman L: Ductal enhancement on MR imaging of the breast. AJR, 2003

14
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Ductal enhancement was deleted

Other questions arose regarding the terms “LINEAR,”
“‘DUCTAL,” and “SEGMENTAL.”

As “DUCTAL” enhancement is by definition linear
there was confusion over the differentiation of these
terms.

As “DUCTAL” describes a pathological finding and not
a radiographic finding, the term “LINEAR” is favored
to describe enhancement in a line, whether it is
suspected to be in a duct or not.

Afocal area of abnormal enhancement encompasses less than 25% of a
breast quadrant volume, and comprises a single abnormal enhancement
pattern.

Linear enhancement is enhancement in a line and may branch and
correspond to one or more ducts in orientation, usually radiating toward the
nipple, and is suspicious for carcinoma.

Segmental refers to enhancement that is triangular or cone-like in shape
with the apex at the nipple and is suspicious for carcinoma within a single
branching duct system.

Regional enhancement encompasses a broader area than a single duct
system, may be geographic, and lacks convex borders. Regional typically
spans most of a quadrant or more than a quadrant

Multiple regions describe enhancemn Lmear segmnm Foclares Regional  Mulipleregons  Diffse

separated by normal tissue or fat. @ @@
¥

Diffuse enhancement describes wide|
similar-appearing enhancement throu

~ ~

2015%4H18H
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BI-RADS-MRI Lexicon ; 2013ACR

Nonmass like enhancement (NMLE)

* Focal

* Linear or linear branching

* segmental | —

. R e gi onal Linear Segmental  Focal area Regional gMulﬁp]ereginns Diffuse

: Il\D/Ii;Il'ijele regions @ @ @ @ @

* Ductal removes as describes an anatomic
structure — linear preferred

BI-RADS-MRI Lexicon ; 2013ACR

NMLE (internal characteristics)

* Homogeneous
* Heterogeneous
* Clumped

* Clustered ring

» Stippled removed as this is a type of BPE

* Clustered ring added as seen more now at high
resolution

2015%4H18H
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“ Clustered Ring Enhancement ”

Both “LINEAR” and “SEGMENTAL” enhancement
represent enhancement in ductal structures, however,
the morphologic appearance of the ductal system on
MRI depends on spatial resolution as well as the
orientation of the viewing plane.

As resolution has increased, enhancement of the

periductal stroma has been noted and described as
“CLUSTERED RING ENHANCEMENT”.

“ Clustered Ring Enhancement ”

Tozaki M: Breast MR imaging using the VIBE sequence: Clustered ring enhancement in
the differential diagnosis of lesions showing non-mass-like enhancement. AJR, 2006

17
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“ Clustered Ring Enhancement

Non-Mass-Like Enhancement

1. Distribution Pattern

High-Spatial-Resolution MRI Single Quadrant Multiquadrant
of Non-Masslike Breast Lesions: | "/ esion Growpediesion

Interpretation Mode.l Based on incar sognertat S8 rogonar | MO L
BI-RADS MRI Descriptors » A\ @ T . :.4..

34

B 2. Evaluation of the Ductal Pattern
A R Tozaki M. 2006
WO MEN'S
‘‘‘‘‘‘‘ Linear- Linear- " MNon-
Ductal Brfm:hlng-l.'.ﬁ.lclal hlancﬁing

p b . R
3. Internal Enhancement

Homogeneous
Homogeneous Clumped  Stippled
Clumped Clumped
Heterogeneous

¥
_4. Evaluation of the Clustered Ring Enhancement

18
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Non-Mass-Like Enhancement

2. Evaluation of the Ductal Pattern
High-Spatial-Resolution MRI _ _

of Non-Masslike Breast Lesions: |iowcnc  ouwea  Pencinsducsl o0l
Interpretation Model Based on f\/:" ¢ <‘ A’- (

. - p -

BI-RADS MRI DeSCI"IPtOI"S _3. Internal Enhancement
N R Tozaki M. 2006

Distribution

Linear / Focal area / Regional / Segmental
Multiple regions / Diffuse

Internal enhancement
Homogeneous, Heterogeneous,
Clumped, Clustered ring

“Branching” I3EEO HFETH D ! !

2. Evaluation of the Ductal Pattern
High-Spatial-Resolution MRI _ .

of Non-Masslike Breast Lesions: |uowpecne  boew  Breretingouwa o il
Interpretation Model Based on ~ § <“ Af- (

. e —
BI-RADS MRI Descr|pt°rs _3. Internal Enhancement
N R Tozaki M. 2006 L
Distribution

Linear / Focal area / Regional / Segmental
Multiple regions / Diffuse

Internal enhancement ;
Homogeneous, Heterogeneous, Branchi ng

Clumped, Clustered ring

19
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“Branching” I3JEREDO HFETH D ! !

E. NON-MASS ENHANCEMENT (NME)
1. DISTRIBUTION

b. Linear

Enhancement arrayed in a line (not necessarily a straight line) or a line that branches. This
distribution may elevate suspicion for malignancy as it suggests enhancement within or
around a duct.

Figure 120 - DISTRIBUTION: LINEAR. LINEAR non-mass Figure 121 - DISTRIBUTION: LINEAR. LINEAR
enhancement (arrows) extending from a postoperative non-mass enhancement (arrows) extending
collection toward the nipple. Fat-suppressed first from a postoperative collection toward the
postcontrast TIW image. Pathology: ductal carcinoma in nipple. Fat-suppressed first postcontrast TIW
situ.

image. Pathology: ductal carcdinoma in situ.

“Branching” IZTEREOHFETH D ! !

Figure122 - DISTRIBUTION: LINEAR. LINEAR Figure 123 - DISTRIBUTION: LINEAR.
non-mass enhancement. Fat-suppressed first LINEAR {arrow) non-mass enhancement.
postcontrast TIW image. Pathology: ductal Fat-suppressed first postcontrast TIW image.
carcinoma in situ. Pathology: ductal carcinoma in situ.

20
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“Branching” I3 EO HFETH D ! !

http:/ fwww.rsna.org/rsnarights

Two Distinct Types of Linear
Distribution in Nonmass
Enhancement at Breast MR
Imaging: Difference in Positive
Predictive Value between Linear and
Branching Patterns’

Youichi Machida, MD, PhD

PO R Purpose: To compare positive predictive values (PPVs) of linearly
Mitsuiniro Tozaki, MD, PhD distributed nonmass enhancement (NME) with linear and
Akiko Shimauchi, MD, PhD

' " branching patterns and to identify imaging characteristics
Tamikn Yoshida, MD of NME that would enable classification as Breast Imaging

Reporting and Data System category 3 lesions

“Branching” IZTEREOHFETH D ! !
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PPVs for Malignancy in Linearly Distributed NME according to Lesion Pattern and

Extent
No. of Benign ~ No. of Malignant
Variable Lesions Lesions PPV (%)* PValue
Initial interpretation

Linear pattern 56 5 8.2(1.3,15.1) <.0001
Branching pattern 24 71 74.7 (66.0, 83.5)
NME <1 cm 33 3 8.3(0.0,17.4) <.0001
NME =1 cm 47 73 60.8 (52.1, 69.6)
Linear pattern and NME <1 cm 30 0 0.0 (0.0,0.0) .05
Linear pattern and NME =1 cm 26 B 16.1 (3.2, 29.1)
Branching pattern and NME <1cm 3 3 50.0 (10.0, 90.0) A7
Branching pattern and NME =1¢cm 21 68 76.4 (67.6, 85.2)

Conclusion

Branching pattern was a significantly stronger predictor of malignancy than

linear pattern.

NME with linear pattern and <1 cm could be managed by follow-up examination.

DCISZ Ht v & < B85% : Overdiagnosis

2015%4H18H
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Effect of Three Decades of Screening
Mammography on Breast-Cancer Incidence

Archie Bleyer, M.D., and H. Gilbert Welch, M.D., M.P.H.

From the Quality Department, St. Charles BACKGROUND
Health System, Central Oregon, and the To reduce mortality, screening must detect life-threatening disease at an earlier, more

Department of Radiation Medicine, Ore- ) . . N
gon Health and Science University, Port- curable stage. Effective cancer-screening programs therefore both increase the in-

land (A.B.); the University of Texas Medi- cidence of cancer detected at an early stage and decrease the incidence of cancer
cal School at Houston, Houston (A.B.) H

' N resenting at a late stage.
and the Dartmouth Institute for Health P & g
Policy and Clinical Practice, Geisel School
of Medicine at Dartmouth, Hanover, NH

(H.G.W.). Address reprint requests to Dr. METHODS

Bleyer at 2500 NE Neff Rd., Bend, OR We used Surveillance, Epidemiology, and End Results data to examine trends from
97701 or at ableyer@gmail com. 1976 through 2008 in the incidence of early-stage breast cancer (ductal carcinoma in
N Engl] Med 2012;367:1998-2005. situ and localized disease) and late-stage breast cancer (regional and distant disease)

DOI: 10.1056/NEJMoal 206809

among women 40 years of age or older.
Copyright @ 2012 Massachusetts Medical Socicty.

Table 2. Four Estimates of the Excess Detection (Overdiagnosis) of Breast Cancer Associated with Three Decades of Screening Mammography,
1979-2008.
Surplus in Diagnoses  Reduction in Diagnoses
Assumption Regarding Underlying Incidence of Early-Stage of Late-Stage Excess
Estimate of Breast Cancer Disease Disease Detection
number of women

Base case It was constant 1,585,000 67,000 1,518,000
Best guess Itincreased at a rate of 0.25% jyr¥ 1,507,000 138,000 1,369,000
Extreme assumption Itincreased at a rate of 0.5%/yr{ 1,426,000 213,000 1,213,000
Very extreme assumption  Itincreased at a rate of 0.5%/yr and baseline 1,426,000 410,000 1,016,000

incidence of late-stage disease was the

highest ever observeds

* This increase in incidence was observed among women younger than 40 years of age.
i This increase in incidence was twice that observed among women younger than 40 years of age.
i The peak in the incidence of late-stage breast cancer was 113 cases per 100,000 women in 1985.

reduction in late-stage cancers. This imbalance
indicates a considerable amount of overdiagnosis
involving more than 1 million women in the past
three decades — and, according to our best-guess
estimate, mg han 70,000 women in 2008 (ac-
counting f¢ Jf all breast cancers diagnosed
in women 4% of age or older).
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(LORIS)

ﬁ’ A Phase III trial of surgery versus active
LORIS monitoring for LOw RISk Ductal Carcinoma in situ
s The Low Risk DCIS Trial

Professor Lesley Fallowfield, Dr Val Jenkins

Lucy Matthews, Kathryn Monson
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American

/\/f ]) xﬁﬁ‘l‘ﬂi&l%j‘ﬂgé J, cancer
MRIX& 1 —:»‘/7‘\ % Society®

- vl ZE =

No. of centers 6 9
Mo. of women 1909 236 649 524 390 105
Age range 25-70 25-65 3549 =30 =25 =25
No. of cancers 50 22 35 43 4 8
Sensitivity (%)

___MRI 80 17 i 9 100 100
Mammogram 13 36 40 1 25 16
Uitrasound nia 1 nia 40 nia 16

Spesificity (%)
MRI ] 95 81 a7 % 99
Mammagram 95 =09 9 a7 % 0
Ultrasound nia 96 nia N nia 0

nfa = not applicable.

MMG us MRI
NABRHEE 16-40 % 16-40 % 77-100 %

FRHRIZRTER  H
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Breast MRI: guidelines from the European
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DCIS: 70-90%

iil)m:@ HMRIJTAR A (L00JE B DFE )

StUdy - n SR g Compllcatlon
gauge success rate

Viehweg, et al: o 99%
S001 Mam: 11g 26% (72/280) NR —— NR
. _ .
'z‘g)%%rma”’ el ATEC:9g 27 | 22% (6/27) NR 7% (2/27) (29‘73/2"8) 4% (1/27)
'z'ggTa“' el ATEC:9g 38 | 37% (14/38) NR 8% (3/38) 100% 0
. . 0
;(')%%rma”' etal ATEC:og 95 | 25% (24/95) | 9% (9/95) 4% (4/95) (3; /308) 6% (6/98)
Orel, etal: 2005  ATEC:9g 85 | 61%(52/85) | 2% (2/85) 7% (6/85) N/A 0
_ , 95%
Ghate, etal: 2006 Vacora:10g 19 | 5% (1/20) 0 5% (1/20) ) 10% (2/20)
_ _ 96%
Perlet, etal: 2006  Mam: 11g 517 |27% (138/517) NR 29% (9/517) 1538 | 7% (B5/517)
2"0%';"”9" i EnCor:10g 55 | 18% (10/55) | 5% (3/55) 7% (4/55) 100% 4% (2/55)
Tozaki, et al:2010 V’\::c::alllgg 100 | 33% (34/102) 0 5% (5/102) 100% 0
. -/

EnCor : EnCor MR Mam : Mammotome
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EUSOBI: European Society of Breast Imaging

['he evaluation of therapy response in the neoadjuvant
chemotherapy setting
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T'he evaluation of therapy response in the neoadjuvant
chemotherapy setting
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MRA~Z7 fu A=zt —, FDG-PET

Monitoring of Early Response to Neoadjuvant
Chemotherapy in Stage Il and III Breast Cancer by
["*F]Fluorodeoxyglucose Positron Emission Tomography

Physical samination
us

PET-FDG

Basclne
Physsl examinaton
L

us
Mammography
PET-FDG

Rousseau C.
(n=64)

JCO, 2006

1 Global P <.0001

* % < 0.00001
| §§8§<0.00

T
1
No. of PET Scans
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Breast MRS

Intraductal papilloma

Tozaki M: AJR, 2009

'H MR Spectroscopy of Invasive
Ductal Carcinoma: Correlations
With FDG PET and Histologic

Prognostic Factors

AR

2015%4H18H

R=0.52, p<0.0001

Tozaki M: AJR, 2010
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Variables Average of lesion p-value Normalized Cho * p-value Peak SUV*

size (em) on MR spectroscopy on PET/CT

Nuclear Grade
1 (n=15) i 0.48 £ 0.49
2(n=12) 2.3 0.88 +0.56
3(n=23) 22 1.5£0.92

Nuclear Grade: ER positive

1 (n=14) 9 0.47+0.51
2(n=10) 2 0.87 +0.61
3(n=12) . 14+1.0

Estrogen receptor (ER)

ER positive (n=36) 2 0.90 +0.83
ER negative (n=14) K 1.5+ 0.80

Progesterone receptor (PR)
PR positive (n=25) 22 1.0 £ 0.90
PR negative (n=25) 22 1.1+£0.84
HER2

positive (n=6) 2. 0.82 +0.47
negative (n=44) 22 1.1£0.90

Triple negative
Triple negative group (n=9) 2. 1.9£0.76
Non Triple negative group (n=41) 1 0.89+0.78

*Data are mean + SD
"Kruskal-Wallis test.
*Mann-Whitney U-test test.
n.s. = not significant

MRS vs. FDG-PET/CT

Monitoring of Early Response to Neoadjuvant
Chemotherapy in Breast Cancer with "H MR
Spectroscopy: Comparison to Sequential 2-[18F]-
Fluorodeoxyglucose Positron Emission Tomography
Mitsuhiro Tozaki, MD,'* Masaaki Sakamoto, MD,! Yu Oyama, MD,2

Toshihiro O'uchi, MD,? Naoko Kawano, MD,! Takako Suzuki, MD,' Norie Yamashiro, MD,!

Shinji Ozaki, MD,! Naomi Sakamoto, MD,* Kuniki Higa, MD,* Satoko Abe, MD,*
Tomoko Ogawa, MD,! and Eisuke Fukuma, MD*

Conclusion: A change in the Cho integral value is well
correlated with that of peak SUV in the time course of
neoadjuvant chemotherapy; thus, breast 'H MRS is
thought to be an alternative to sequential '*F-FDG PET.
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Predicting Response after the 2nd cycle

Predicting Pathological Response to Neoadjuvant
Chemotherapy in Breast Cancer With Quantitative
'H MR Spectroscopy using the External

Standard Method

| Conclusion: The changes in Cho after the second cycle of
chemotherapy as determined by quantitative MRS may be
more sensitive than changes in the tumor size to predict

B [oyZ-UCH\Y BN\ I2{ MVI0KKOM the pathological response.
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