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Prospective Multicenter Cohort Study to Refine
Management Recommendations for Women at Elevated
Familial Risk of Breast Cancer: The EVA Trial
" Weigel, Simone Schrading, Birke Arand, Heribert Bieling, Roy Konig,

Leutner, Andrea Rieber-Brambs, Dennis Nordhoff, Walter Heindel,
ans H. Schild
torial on page 1441
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sspective contribution (in terms of cancer yield and stage at diagnosis) of

ion (CBE), , ultrasound, and qual d breast magnetic
31), used alone or in different combination, for screening women at elevated

observational cohort study. Six hundred eighty-seven asymptomatic women
0™ 07 02 03 04 05 05 07 0 08 1o = 20% lfetime) underwent 1,679 annual screening rounds consisting of CBE,
ind, and MR, read independently and in different combinations. In a subgroup
1al half-yearly ultrasound and CBE was performed more than 869 screening
aony: Us, ian follow-up was 29.18 and 29.09 months.
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_ A AL LikelihOOd Of Cancer
Category 0: Incomplete Recall for additional  N/A
ACR BI-RADS® A imaging
Breast Imaging Reporting and Dat; 9| Category 1: Negative Routine screening Essentially 0% likelihood of malignancy
2013 ) Category 2: Benign Routine screening Essentially 0% likelihood of malignancy
Category 3: Probably Benign Short-interval follow- > 0% but = 2% likelihood of
ACR BI-RADS® up or continued malignancy
~ Magnetic Resonance Imaging surveillance
(\J Category 4: Suspicious Tissue diagnosis > 2% but < 95% likelihood of
2013 malignancy
Elizabeth A. Morrs, MD, Chair Category 4A: Low > 0% but = 10% likelihood of
S st suspicion for malignancy malignancy
( : ) =B/ [H=A ) g Category 4B: Moderate > 10% but < 50% likelihood of
R == *ZR _'_/“Z suspicion for malignancy malignancy
= — > . — \ — - o o Fbal
@ Ffl’%‘u%/) L\j’L j] T O U _éj *E\ t %*‘LL\_ Catevgt')ry4c4 ngr? >SQabut<950I|keI|hood of
suspicion for malignancy malignancy
Category 5: Highly Suggestive Tissue diagnosis = 95% likelihood of malignancy
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of Malignancy
Category 6: Known Biopsy-  Surgical excision when N/A
Proven Malignancy clinically appropriate




‘Amount of ibroglandular tissue _a: Almost entirely fat ‘Associated features  Nipple retraction
(FoT) b: Scattered fibrogladular tissue Nipple invasion
c: Heterogenious fibroglandular tissue. Skin retraction
d: Extreme fibroglandulr tissue Skin thickening
Background parenchymal Level Minimal Skin invasion Directinvasion
enhancement (B°E) Mild Inflammatory cancer
Moderate Aillary adenopathy
Marked Pectoralis muscle invasion
Symmetric or asymmetric Symmetric Chestwallinvasion
Asymmetric Archtectral distortion
Forus Fat containing lesions _Lymph nodes Normal
Wasses Shape vl Abnormal
Round Fatnecrosis
Irregular Hamartoma
Margin Creumscribed Prospective seromajhematoma with fat
Not Circumscribed Tocation of lesion _ Location
- rregular Depth
Spiculated Kinetic curve Initial phase Sow
interal enhancement characteristics _ Homogeneous assessment Medium
Heterogeneous Fast
Rim enhancement Delayed phase persistent
Plateau
Non-mass enhancement (NVE) _ Distribution Focal Washout
Linear imelants Implant material and lumen Saline
Segmental type sicone
Regional Intact
Multple regions ~Ruptured
Diffuse Other implant material
nternal enhancement patterns Homogeneous Lumen type
Heterogeneous Implant location Retroglandular
Clumped Retropectoral
Clustered ing Abnormal implant contour  Focal bulge
node Intracapsular siicone  Radial folds
Skin lesion findings Subcapsular line
Wi Keyhole sign
st Linguine sign
Postoperative collections (hematoma/seroma) Exracapsularsilicone  Breast
Post-therapy skin thickening and trabecular thekening Lymph nodes
Non-enhancing mass Water droplets
Architectural distortion Perkimplant fluid
Signal void from foreign bodies, cips, etc.

Amount of fibroglandular tissue (FGT
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a: Almost entirely fat

b: Scattered fibrogladular tissue

c: Heterogeneous fibrogladular tissue

d: Extreme fibrogladular tissue
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Figure 1~ AMOUNT OF FIBROGLANDULAR TISSUE: Figure 3 - AMOUNT OF FIBROGLANDULAR
ALMOST ENTIRELY FAT. Fat-suppressed T1W image. TISSUE: HETEROGENEOUS FIBROGLANDULAR
TISSUE. Fatsuppressed TIW image.

Figure 2 AVOUNT OF FIBROGLANDULAR Figure 4 AMOUNT OF FIBROGLANDULAR

Background parenchymal enhancement (BPE)

s SEIDWEICL VERET 22 EABEBINE

+BPEICEBENTLESRENH S Z &L HEIR

*BPEADH B Z & A#FE L7 ETBPEEXFIaNDE H

DERBELESITEZMT D

ST L, ER R0 B DBERTITS

« Asymmetrick 22 H DI, A LA DIREBFHER %
FRERLTWS EEZBND

o MEHREEE TIIBPENMET T 5

TISSUE: SCATTERED FIBROGLANDULAR TISSUE: EXTREME FIBROGLANDULAR TISSUE.
TISSUE. Fat-suppressed TIW image. Fat-suppressed T1W image.
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Level Minimal Symmetric or Symmetric
i mmetri .
Mild asymmetric Asymmetric
Moderate

Marked

Figure 13 - LEVEL MODERATE BPE.

TiWimage.

Figure 7-LEVEL: MNMAL € Subtracton Figure 10 - LEVEL:MLD BFE Sublraction Figure 19 - LEVEL: MARKED BPE Subtraction
MPimage [t

Figure Festat.
suppressed postcontrast TIW image.

Figure 21 - SYMMETRIC OR ASYMMETRIC: SYMMETRIC. Figure 23 - SYMMETRIC OR ASYMMETRIC: ASYMMETRIC.
Moderate BPE TiWimage.

Fatsuppressed postcontrast TIW image.

Figure 22 - SYMMETRIC OR ASYMMETRIC: SYMMETRIC.

Moderate BPE. TIWimage. ASYMMETRIC.
Increased enhancement n the latera right breast.Fat-
suppressed postcontrast TIWimage. Pathology: ductal
carcinomain stu (DCIS).




Focus, Masses, Non-mass enhancement (NME)

Not BPE ¥ Shape
v’ Margin
enhancement
. v Internal enhancement
lesion v Kinetic analysis

v Distribution
v Internal enhancement
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Focus
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Figure 36 - FOCUS (arrow). This is a new finding increasing suspicion. Also note only slightly high signal intensity

of invasive cancer (not cyst-like) on T2W imaging (thick arrow), adding to lesion suspicion. Prior 1-year MIP (a;,TIW
imaging (b); subtraction (c) T2W imaging (d).
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« Shape(JZ1R), l\/largm(n_‘f‘%) NEBDIEEShE,
Kinetic Analysis(&82/8 % — ) DEHE % 1T 5
Shape Oval

Round . '

Irregular Oval Round Irregular
Margin Circumscribed
Not Circumscribed . .
- Irregular
- Spiculated Circumscribed  Irregular Spiculated
Internal Homogeneous

enhancement Heterogeneous
characteristics .
Rim enhancement
Dark internal septations  Homo Hetero Rim  Darkinternal

septations
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Figure 40 - SHAPE: OVAL. Mass with Figure 47 - SHAPE: ROUND. Not

- sed
frstpostcontrast TIWimage.Pathalogy: enhancement Fat-suppressed i
fbroadenoma postcontasTIWimage. Pahcogy- invasive
ductal arcinom.

Figure 105 - INTERNAL ENHANCEMENT
CHARACTERISTICS: DARK INTERNAL
SEPTATIONS. Oval, circumscribed,

Figure 52 -SHAPE: RREGULAR.Not Figure s - ARG NOT CROUNSCREED homogeneously enhancing mass with
mass with SPICULATED DARKINTERNAL SEPTATIONS (arrow).First
Fatsuppressed frst postcontrastTIW image. e b fat-suppressed postcontrast TIW image.
postcontrast TIW image. Pathology: invasive Pathology: fibroadenoma

lobula carcinoma.
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Kinetic curve Initial phase  Slow

assessment Medium
Fast
Delayed phase Persistent
Plateau
Washout
§ Initial phase Delayed phase
X Persistent > +10%
3 O
& KS
v X
=~ >
g < o
= 5
9 Qo p> Washout < -10%
g
a
1-2min 5-7 min

Time

Figure 227 - INTIAL PHASE: SLOW. Left breast TIW fat.saturated precontrastaxial.

PHASE:FAST.
Grapho! inital

hyperplasia,

inital (>

(Type3 curve).Pathology: invasive ductal carcnoma.
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Non-mass enhancement (NME)
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- DISTRIBUTION: FOCAL FOCAL Figure 110 - DISTRIBUTION: LINEAR LINEAR non-mass re 116 - DISTRIBUTION: SEGMENTAL

i SEEMENTAL o s eohancement P
Fat. st postcontrast TIW image. TIW image.
Patrology du pekplarmsira postcontrast T1Wimage. Pathol

iwasive ductal crcinoma,

Figur REGIONAL postcontrast TIW image
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— » S Figure 132 INTERNAL ENHANCEMENT
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Figure 129 -DISTRIBUTION: DFFUSE Non- Figure 140 - INTERNAL ENHANCEMENT
PAIT

ductal carcinom.

TiWimage.Pathology:ductal

Implant (Silicone)

Implant®FHMIC ILBE OBRES — 7~ XA,
> Silicone excitation image
ERETHILICKLY, VU A VORBEOBERIAS

S. Juanpere, Insights Imaging (2011)
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Effect of the Cycle on Backg; P E SLTALLTICLERTEE
in Breast MR Imagin
Mariko Kasnara™, Mariko Goto?, Yukari H -
Setsuko Kaoku!, Eiichi Konisur, and ’:. A — "
o = ™
Departments of 'Radiology and *Su Kyoto Breg - s I I
98 itaki marked
Departments g s modecste
Kyoto Prefect iversity H - - mild
(Received April 3, 2012; Accepted October 31, 2012;| § minimal
Pu ¢ assessed the influence of the menstru; o ™
enhai (BPE) of the breast in the early and d| T et weekz weeka Wkt ekt Wz Weskd | Veokd |
resonance (MR) imaging and the optimal timing of b
wom
Material and Methods: We reviewed dynamic MR Fig. 3. Qualitati sment of background parenchymal enhancement: 512X 394malr)
with regular menstrual cycles and divided the womer]  comparison among menstrual cycle weeks. (a) Early phase, (b) delayed phase. 202375 Ny .
oscalan 20 = *P<0.05, **P<0.01 (Kruskal-Wallis test and Steel-Dwass test). Kuhl, Radiology, 2009
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u Positioning in Breast MR Imaging
BN RGN ERIS A BE

to Optimize Image Quality’

ReE

7

i e ——rm— « FIHALLE DRt = BEHEOER Y 1 XEL
igure 2. Guiding the patient into the coil. As the

patient positions herself in the coil, the technologist’s
hand over the patient’s back guides the patient into
the coil while the other hand smooths out inferior
breast skin folds by pulling downward toward the pa-
tient’s feet (arrow), maintaining tension as the breast
drops into the coil.
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Intraoperative Supine Breast
MR Imaging to Quantify Tumor
Deformation and Detection

of Residual Breast Cancer:
Preliminary Results’

Radiology
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Purpose: T

Changes in MRI
Volume (%) 23.8 +49.9
Surface area (%) 6.5 % 29.2

Maximum 3D

7.1+
diameter (%) 71+£257
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Active or Passive Fat Suppression?

Active Fat Suppression
« CHESS, SPAIR, Water excitation& DRF/%/L X %
AW BRI BRI S L
- fERRINGICIR A EY S
s BiH DA —(1255

Passive Fat Suppression
» Subtractioni%
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T1FS pre T1FS 1st phase

MIP pre MIP subtraction

mAZAaban

MRIZEE : MAGNETOM Skyra, Prisma fit (3T)
a4 )L : Dedicated 18ch Breast coil
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mAZakran

T2WI FS axi

HASTE axi

T1WI noFS axi (dual FA GRE, T1 Map)
DWI axi { High Reso DWI (RESOLVE) sag }
Dynamic FS axi

GOtec 15qsec
| Pre | 1st I 2nd IHigh ResolutioncorIDelayI

I Imin  2min Q 4.5min

Injection *MPR sag
MIP

SRR A

Kyoto University Hospital 2016.11.02 F21RA — 4 Lt I F—

T2WI FS and noFS

* T2EESREDER!

AEARY > /H
T2FS1

Kyoto University Hospital 2016.11.02 #21[B1A — X Ltz T F—

T1 noFS

* @ERIE

A\ 4 I

T1FS delay

Kyoto University Hospital 2016.11.02 F21RA — 2 Lt I F—

FEMRICHEITZHE Y FF—

A S NIREED L
>BHISRE KBy 7, YL —HD
BF/BFOME

EEFNAEZ AR VERN(T L L F —, BHEEERT)
*BPEICEEINTLX S HFEDBRERER
s BWMABIE

Kyoto University Hospital 2016.11.02 F21[B1A — X Lt T F—




ERRIDER L VERF IS L T

AEREMRITAFZ 4>
OILEGRRERDEBERIIBDO 5N D D7
VIS L — | Cl BIEHIRILE 4 L A R I HE SR
VEEISEENE C RHICRL TERERRV
VIRBERES, T—F 770 b, EHHRERL
vADCIEIC & 2 REMDERIFATEETH 21, BB YUY H
Y, REVE SN

o BUEHEIGR % B 0 T IREFZMRIC L 5 FHEMRI
R —ZvTi3BHonsn?
VRS L — | C2 BEBPHIRILE A <, Th AW E S
Boons

Kyoto University Hospital 2016.11.02 F21RA — 4 Lt I F—

T2 axi
& o
§ ~f
i oy
\

T1 axi

i Wash-Out Map
RESOLVE DWI sag CET1 MPR sag

IntraVoxel Incoherent Motion (IVIM)
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S — Bi-exponential fitting
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Semi-automated Quantitative Intravoxel
Incoherent Motion Analysis and Its
Implementation in Breast Diffusion-

Weighted Imaging

MD, PhD,'?
jnappel, MD, PhD,*

ROC i training group
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CEST Imaging

Neuro-Oncology

&
e

2013

Amide proton transfer imaging of adult diffuse gliomas: correlation
with histopathological grades

kuchi, Yuriko Suzuki,
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A New Contrast in MR Mammography by Means of
Chemical Exchange Saturation Transfer (CEST) Imaging
at 3 Tesla: Preliminary Results

Ein neuer Kontrast in der MR-Mammografie durch Chemical-Exchange-Saturation-
Transfer(CEST)-Bildgebung bei 3 Tesla: erste Ergebnisse

Autoren B. Schmitt'-%, P. Zamecnik’, M. ZaiR?, E. Rerich’, L. Schuster?, P. Bachert’, H.-P. Schlemmer”

Institute Center for High Field MR, Medical University of Vienna
2 Abteilung Radiologie, Deutsches Krebsforschungszentrum
* Abteilung Medizinische Physik in der Radiologie, Deutsches Krebsforschungszentrum
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Quantitative Kinetic Analysis
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Compressed Sensing MRI

Sampling Recovery
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multi-slice 2D Cartesian ~ Nyquist low.
sampling configuration sampling samplmg
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Abbreviated Breast Magnetic Resonance Imaging
(MRI): First Postcontrast Subtracted Images and
Maximum-Intensity Projection—A Novel Approach to
Breast Cancer Screening With MRI

Christiane K. Kuhl, Simone Schrading, Kevin Strobel, Hans H. Schild, Ralf-Dieter Hilgers,
and Heribert B. Bieling

See accompanying editorial on page 2281
A B S TRATCT

Purpose
We investigated whether an abbreviated protacol (AP), consisting of only one pre- and one
postcontrast acquisition and their derived images (first postcontrast subtracted [FAST] and
maximumv-intensity projection [MIP] images), was suitable for breast magnetic resonance imaging
(MRI) screening.

Methods

We conducted a prospective observational reader study in 443 women at mildly to moderately
increased risk who underwent 606 screening MRIs. Eligible women had normal or benign digital
mammograms and for those with heterogeneously dense or extremely dense breasts (n = 427)
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Concept of Abbreviated MRI

IV contrast Full Diagnostic Protocol
12 3 1 5 6 7 8 9 10 11
§§ Dyn0 Dyn1 Dyn2 Dyn3 Dyn4 Dynb T2TSE T1TSE coronal
&

IV contrast Abridged Protocol
12 3 5 7 8 9 10 11
55 Dyn0 Dynl Dyn2 Dyn3 Dyn4 Dynb T2 TSE T1TSE coronal
s=




Results:
Diagnostic accuracy of MIP, FAST, Abbreviated Breast MRI for screening
and Full Protocol

100 AB-MRI may be the ideal screening tool for women:
80 * Conceivable to conduct on a population-wide scale
o0 * High sensitivity for biologically relevant cancers, over
40 10-fold higher added cancer yield compared to DBT
20 * High diagnostic accuracy - PPV equivalent to that of
0 I Digital Mammo
Sensitivity  Specificity PPV NPV * No breast compression, no radiation involved.

mMIP mFAST Full Diagnostic Protocol

Positioning in Breast MR Imaging

Use of Dedicated Breast
MR Imaging Technologists
Dedicated breast MR imaging technologists, either

with prior mammography technologist experience Tel::c.hmg
or a strong interest in breast imaging, are more olnt

likely to be successful in obtaining consistent and
optimal breast MR images. Trained motivated

technologists are more likely to pay attention to
details, ask pertinent questions, and understand
the patient issues that can affect positioning. Dedi-
cated breast MR imaging technologists will benefit
from the high volume of breast-specific experi-
ence. Owing to the similarities in positioning for
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