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m Background

» Most breast cancers arise from cells that build the lining of the milk
ducts: ,Ductal Carcinoma in-situ”, ,DCIS*

* After some time, DCIS will break out of the milk
duct and become the actual invasive breast cance|

ﬁ Background: What are relevant types of DCIS ?
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} Background

« Mammographic screening has greatly improved the
diagnosis of DCIS (intraductal cancer):
Rate of DCIS of newly diagnosed cancers

- before mammographic screening: 3%
- with mammographic screening: >20%

« ,Overdiagnosis* of biologically inert (low grade) DCIS may
cause overtreatment

+ Morrow M. The certainties and the uncertainties of ductal carcinoma in situ. J Natl Cancer Inst. 2004;96:424-425

+ Roylance R, Gorman P, Hanby A, Tomlinson I: Allelic imbalance analysis of chromosome 16q shows that grade | and
grade lll invasive ductal breast cancers follow different genetic pathways. J Pathol 2002, 196:32-36.

« O'Connell P, Pekkel V, Fugua SA, Osborne CK, Clark GM, Allred DC: Analysis of loss of heterozygosity in 399
premalignant breast lesions at 15 genetic loci. J Natl Cancer Inst 1998, 90: 697-703

« Farabegoli F, Champeme MH, Bieche |, et. al. Genetic pathways in the evolution of breast ductal carcinoma in situ. J
Dathol 2002 105:280.2

Diagnosing DCIS by mammography: a success story...

+ Mammography is the mainstay for diagnosing (DCIS)
* MRl and ultrasound are considered inferior
+ Hallmark: clustered pleomorphic calcifications

« In typical findings (BI-RADS 5), the positive predictive value (PPV) is
high.

Diagnosing DCIS by mammography: ...and a pain...

« only“ 20% of cancers are diagnosed in the intra-ductal stage, also
in women who undergo annual mammographic screening —

since practically all invasive cancers progress through the
intra-ductal stage, we obviously fail to diagnose the majority
of DCIS !

« many false-positive diagnoses due to calcifications

mammography is an excellent tool —

but there seems to be room for improvement!
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» tip of iceberg“ phenomenon: clustered calcifications are a poor
indicator of the actual extent of disease

* repetitive re-excisions necessary to obtain clear margins

How do we diagnose DCIS
in MRI ?

Dynamic breast MRI yields information on:

morphology
(shape, margins, internal enhancement)

enhancement kinetics
(wash-in, wash-out)

tissue or lesion Sl in
. non-fat-suppressed pre-contrast T1
. non-fat-suppressed T2

MR BI-RADS: Diagnostic criteria in breast MRI

a. Morphology b. Enhancement kinetics
1. Lesion Type 1. Initial rise* (wash-in)

2. ,delayed phase enhancement

2. Shape (shape of the time/S| curve)

3. Margins

4. Distrbution c. Tissue S| pre-coomitezst

5. Internal enhancement 1. Slin non-fat-suppressed

6. Symmetry pre-contrast T1

2. Slin non-fat-suppressed T2




| MR BI-RADS: Diagnostic criteria in breast MRI

a. Morphology b. Enhancement kinetics

1. Lesion Type 1. Initial rise* (wash-in)
« mass like enhancement 2. ,delayed phase enhancement*

« non mass like enhancement (shape of the time/SI curve)

« focus
2. Shape c. Tissue Sl pre-contrast
3. Margins 1. Slin non-fat-suppressed

pre-contrast T1
4. Distribution
2. Slin non-fat-suppressed T2

5. Internal enhancement

6. Symmetry

Lesion types

Lesion type:
¢ "mass”

* has a correlate in pre-contrast T1-w or T2-w images
3-dimensional, "space occupying” lesion visible
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Lesion types

Lesion type:

* "non-mass-like enhancement”

* no correlate in pre-contrast images; normal appeari ng
parenchyma at the site of the enhancing lesion

Lesion types

Mass like enhancement: Differential diagnosis is between:
invasive breast cancer
or
benign tumor: fibroadenoma, papilloma, fat necrosis, hamartoma...

Non mass ike enhancement: Differential diagnosis is between
intraductal cancer (DCIS) or diffusely infiltrating (lobular) cancer
or
Adenosis / fibrocystic disease

non-mass like enhancement: Distribution

not following milk duct following milk duct

diffuse focal area linear
multiple regions regional

segmental ductal

malignant

mastopathic changes/
adenosis

MR BI-RADS: Diagnostic criteria in breast MRI

a. Morphology

1\
1. Lesion Type \
b B u‘,os“ —
« mass like enhancement e‘“\ﬁ ¥.ase enhancement*
. S i

« non mass like enhancement oV V=" rape of the time/Sl curve)

- focus -
2. Shape c. Tissue Sl pre-contrast
3. Margins 1. Slin non-fat-suppressed

B pre-contrast T1
4. Distribution X
2. Slin non-fat-suppressed T2

5. Internal enhancement

6. Symmetry




What is the
established role of MRI
for diagnosing DCIS ?

MR Imaging of Mammographically
Detected Clustered Microcalcifications: Is There
Any Value?
Westerhof et al. Radiology 1998

In determining benign from malignant breast disease in mammaographically
suspicious clustered microcalcifications, MR imaging is not reliable anchdbes
effect treatment.

Contrast-Enhanced Breast MRI in Patients with
Suspicious Microcalcifications on
Mammography: Results of a Multicenter Trial.
Bazzacchi, M., etal. AJR 2006

What stops us from using MRI to diagnose mammographically detected
microcalcifications , when applied to our interpretation criteria and imgagi
sequences, is its imperfect sensitivity (87%).

What is the problem with studies that evaluate MRI for DCIS ?

« DCIS is a ,mammographic disease“.

¢ Published studies that compared MRI with mammography included
only women with mammmographic signs of DCIS

strong selection bias towards mammography-visible DCIS

- Bluemke DA et al. MR Imaging Prior to Breast Biopsy. Results of the International Breast Magnetic Resonance Consortium

(IBMC) Trial. JAMA. 2004;292:2735-2742

« Fischer U. Duktale In-situ-Karzinom in der dynamischen MR-Mammographie bei 1,5 T. Fortschr Rontgenstr 164:290-204
+ Westerhof JP. MR imaging of mammogra-phi-cally detected clustered microcalcifications: is there any value? Radiology

1998;207:675-681

« Bazzocchi M, Zuiani C, Panizza P, et al.. Contrast-enhanced breast MRI in patients with suspicious microcalcifications on

mammography: results of a multicenter trial. Am J Roentgenol. 2006;186:1723-1732.

What is the potential role
of MRI
for diagnosing DCIS ?

The potential role of MRI for diagnosing DCIS

« improved mapping of local DCIS extent and of intrad  uctal
components around invasive breast cancers
avoid re-excisions to obtain free margins




* Prospective study on patients who underwent breast
MRI in addition to mammography for local staging of
a core biopsy-proven invasive breast cancer

* 90 patients had an intraductal component around an
invasive cancer (based on final surgical pathology)

Schrading S et al, RSNA 2006

Diagnosing intraductal components (IC) of invasive breast cancers
Results: Sensitivity

p<0.01

53%

Mx&MRI Bothfalse  OnlyMx  OnlyMRI
posiive  negative  posive posiive

The potential role of MRI for diagnosing DCIS

¢ improved mapping of DCIS extent and of intraductal
components around invasive cancers
avoid re-excisions to obtain free margins

« allow the diagnosis of DCIS that went undetected by
mammography

80% of breast cancers are diagnosed in the invasive stage — the
majority of intraductal stages are not visible my mammography!

Major Prospective Clinical Trials for MRI Surveilla  nce of Women at High Genetic Risk

Invasive DCIs

Major Prospective Clinical Trials for MRI Surveilla  nce of Women at High Genetic Risk

EVA-Trial:
MRI for screening women at moderately increased risk

27 cancers, of those:
« 11 DCIS (41 %)
« 16 invasive cancers (59%)

Objective: Prospective cohort study to compare
MRI with mammaography for diagnosis of pure DCIS

¢ What is the diagnostic accuracy of breast MRI vs.
mammography regarding the detection of pure DCIS in an
unselected cohort of women ?

* What are the biologic profiles of MRI-detected DCIS
versus mammography detected DCIS ?

¢ What are the risk profiles of women with MRI-only D CIS
versus women with mammography diagnosed DCIS ?




Materials and Methods

* Prospective study on 7319 women

« consecutive women: average risk screening, family h istory,

high risk screening, diagnostic cases

« All underwent both tests (mammography and breast MR 1)in
a single breast center

Patients

167 women with final surgical pathology diagnosis o f pure

DCIS
e 44 low grade
* 34 intermediate grade (non high grade with necrose  s)
* 89 high grade (with or without necroses)

low grade
26%

high grade
54%

intermediate grade
20%

Results: Sensitivity for DCIS

* Mammography: positive in 93 / 167 (56%)

* MRI

positive in 153 / 167 (92%)

(p<4.lelt)

Sensitivity of Mammography Sensitivity of MRI

Objective: Prospective cohort study to compare
MRI with mammaography for diagnosis of pure DCIS

* What is the diagnostic accuracy of breast MRI vs.
mammography regarding the detection of pure DCIS in
unselected cohort of women ?

*  What are the biologic profiles of MRI-detetect&IDCIS
versus mammography detected DCIS ?

e What are the risk profiles of women with MRI-only D CIS
versus women with mammography diagnosed DCIS ?

an

Mode of detection of DCIS by DCIS grading

Non high grade DCIS (n = 78) High grade (n = 89)

60%

60%
0% 50%
a0 40%

30% 20%

20% 20%

10% 10%

Mx & MRI Both false

Only Mx
negative positive positive

Mx & MRl Both false Only MRI

Only Mx
posive  negatve  posiive positive positive

Only MRI

Sensitivity of Mammography and MRI by DCIS grading

high grade high grade
without necroses

(n=44)

low grade
DCIs DCIs DCIs

intermediate grade

(n=44) (n=234) (n=89)




+,Mammography-only“ DCIS versus ,MRI-only“ DCIS:

Nuclear grading

only Mx detected only MRI detected
n=12 n=72

17%

83%

Objective: Prospective cohort study to compare

MRI with mammaography for diagnosis of pure DCIS

What is the diagnostic accuracy of breast MRI vs.
mammography regarding the detection of pure DCIS in an
unselected cohort of women ?

« What are the biologic profiles of MRI-detected DCIS

versus mammography detected DCIS ?

e What are the risk profiles of women with MRI-onlpnly DTS

versus women with mammography diagnosed DCIS ?

Breast density
(ACR 1 = fatty breast; ACR 4 = extremely dense breast)

Age distribution

women with Mammography-positive versus MRI-detected DCIS

Women with

Mx- DCIS

Women with
[positive |PCIS

age range 31-84 32-76

mean 543 11.0 537 10.4
pre vs. post 35% vs. 65 % 35% vs. 65 %
menopausal

Familial risk
women with Mammography-positive versus MRI-detected DCIS

Women with Women with
[positive JpCIS Mx- IREIY DCIS

none 70 (75 %) 50 (68%)

Personal history
women with Mammography-positive versus MRI-detected DCIS

Women with Women with
[positive JpCIS Mx- DCIS

personal history 25 (27 %) 21 (28%)
of breast cancer

personal history 17 (23%)

0,
benign breast bx 16 (17 %)




MRI should no longer be regarded as an adjunct to
Mammography but as a distinct method to detect breast
Cancer in its earliest stage.”

-The Lancet

The potential role of MRI for diagnosing DCIS

« improved mapping of DCIS extent and of intraductal
components around invasive cancers

avoid re-excisions to obtain free margins

« allow the diagnosis of DCIS that went undetected by
mammography

80% of breast cancers are diagnosed in the invasive stage — the
majority of intraductal stages are not visible my mammography!

« improve the triage of patients with calcifications
increase PPV of mammographic vacuum biopsy

avoid diagnostic delays in prognostically significant lesions (high
grade DCIS, invasive cancer)

reduce anxieties in patients who opt for follow-up

MRI to help triage patients with mammographic calci fications

negative

no time pressure !
follow-uparnazaeumibdxx

MRI to help triage patients with mammographic calci fications

negative positive
y

+ invasive cancer
highly unikely

« high grade DCIS
unlikely

+ low grade DCIS
possible

MRI to help triage patients with mammographic calci fications

negative positive

- invasive cancer \

|

highly unlikely minimal

« high grade DCIS i
unlikely sins

+ low grade DCIS 1

possible

« invasive cancer
unlikely
« DCIS possible

— vacuum or core biopsy
bracketing pre-operatively

MRI to help triage patients with mammographic calci fications

negative positive
highly unlikely minimal
« high grade DCIS signs bcis
unlikely
.k de DCIS
o e 1 :
* Invasive cancer * map DCIS extent
unlikely + identify additional
* high grade DCIS areas of DCIS
possible

vacuum or core biopsy
|vacuum biopsy | bracketing pre-operatively core biopsy




Issues regarding the diagnosis of DCIS

MRI diagnosis of DCIS
requires diagnostic criteria
different from those used for diagnosing
invasive breast cancer:

asymmetric
non mass like enhancement
that follows the distribution of the milk
ducts

Issues regarding the diagnosis of DCIS

Breast MRl is indeed
the most sensitive imaging technique
for diagnosing pure DCIS
as well as
DCIS components of invasive cancers

Issues regarding the diagnosis of DCIS

Sensitivity of Breast MRI
increases
with increasing nuclear grade
whereas that of mammography
decreases
with increasing nuclear grade

Issues regarding the diagnosis of DCIS

Breast MRI should have a key
role in the work up of
mammographic calcifications.

Issues regarding the diagnosis of DCIS

The time has come
to think about
a breast MRI screening trial
that includes women
at average risk

MR guided breast biopsy

Christiane Kuhl

Professor of Radiology
Department of Radiology
Bonn, Germany




MR-guided interventions on the breast: Introduction MR-guided interventions on the breast: Introduction

The "MR only" lesion is a frequent diagnostic problem:

If you offer breast MRI to a patient, the intent is to detect additional, ® additional, conventionally invisible malignant foci in
conventionally occult breast cancer 14 % of patients with conventionally solitary lesion
If you do breast MRI, but do not offer MR guidance to ensure adequate ® in 6 % of cases unsuspected contra-lateral disease
management of the lesions you identify -- this is a waste of time and . . .
effort another 20 % will have lesions that ultimately turn out to be
benign
(PPV about 50%)
MR-guided interventions on the breast: Introduction MR-qguided interventions on the breast: Introduction

How to deal with "MR only" lesions ?

1. second-look ultrasound: will identify about 30%-50% of "MR-only" lesion i .
2. MR-guided hook wire placement with excisional biopsy If the MRl-dIagnosed lesion has no clear correlate

3. direct MR-guided tissue sampling via core biopsy on conventional imaging (mammography,
ultrasound), an
MR-guided intervention is mandatory

MR-guided interventions on the breast MR-guided interventions on the breast

Wires:
. InVivo MR-compatible needle ,LeLoc” 20 G, 10 cm
. InVivo MR-compatible , Ariadne’s thread“ ,RepoLoc®, 10 cm

Biopsy systems:
. MRI Devices coaxial core biopsy system (MR compatible with 14 G needle) 1. MR-guided hook wire placement with excisional biopsy
. BARD VACORA automatic vacuum assisted biopsy hand-held gun, 10 G

*  ATEC SUROS Sapphire automatic vacuum assisted biopsy system, 9G 2. direct MR-guided tissue sampling via core biopsy or vacuum

. ) . assisted core biopsy
*  Marker Clips to be placed via the same coaxial sheeth




MR-guided interventions on the breast

Who receives needle loc ?

+ additional lesions identified by MRI that are
* MR-BI-RADS 5
+ and are diagnosed in patients who proceed to surgery anyway

+ lesions situated close to the chest wall difficult to reach for core biopsy

© N o o M 0N P

Positioning of the patient

Calibration of the biopsy system

Image the breast

Calculate target coordinates / needle trajector
place the needle

Image needle position

release the wire

Image the wire position

1. Positioning of the patient: medio-lateral compression just enough to
immobilize the breast

« avoid excessive breast compression
« avoid skin folds

« apply incision foil and skin desinfectant

Imaging:

« abridged dynamic series
* T2-weighted TSE

« NO FAT SUPPRESSION

Calculate the target coordinates / needle trajectory:
« by counting holes or

* by using software (DynaCad)

MR-guided interventions on the breast

How to deal with "MR only" lesions ?

1. MR-guided hook wire placement with excisional biopsy

2. direct MR-guided tissue sampling via core biopsy or vacuum
assisted core biopsy




MR-guided interventions on the breast

Technigues for MR-guided core biopsy

¢ 14G semi-automatic core biopsy

¢ vacuum biopsy
¢ 10G hand held system (VACORA)
¢ 9 G console system (ATEC SUROS)

MR-quided interventions on the breast

MR guided semi-automatic core biopsy

« only recommendable for larger areas of enhancement:
« differential diagnosis DCIS vs. hormonal stimulation of tissue
« diagnosis of large lobular invasive cancer

+ NOT recommended to clarify small masses or areas of non-mass-like
enhancement

MR-guided interventions on the breast

Techniques for MR-guided core biopsy

¢ 14G semi-automatic core biopsy

e vacuum biopsy
¢ 10G hand held system (VACORA)
¢ 9 G console system (ATEC SUROS)

Impact of two different VAB systems on patient management

Between January 2005 und December 2006 (24 months)

A total 5637 patients underwent breast MRI

222 patients underwent MR-guided biopsy for
262 MR-only lesions

Impact of two different VAB systems on patient management

Period A: 01/2005 to 07/2006 (19 months)
- Vacuum biopsy with the Vacora system: 49 lesions

- needle localization: 121 lesions

Period B: 08/2006 to 12/2006 (5 months)
- Vacuum biopsy with the ATEC SUROS system: 73 lesions
- needle localization: 18 lesions

Impact of two different VAB systems on patient management

Technical success rates

Period A (Vacora system)
- 98% (48/49)

biopsy in one patient yielded normal breast tissue. Biopsy
was repeated, then with the console system, and the
histology showed a juvenile fibroadenoma

- no false positive results

Period B (ATEC SUROS system)
-100% (73/73)

- no false positive results




Impact of two different VAB systems on patient management

Explanations for the difference of the average procedure time during both periods
(1)

* Continuous tissue sampling with the ATEC SUROS system

versus

* Manual removal of specimen after each biopsy pass with the Vacora system

Impact of two different VAB systems on patient management

Explanations for the difference of the average procedure time during both
periods (2):

* Evacuation of developing hematoma with the ATEC SUROS system
versus

* No evacuation of hematoma with the V

Impact of two different VAB systems on patient management

Explanations for the difference of the average procedure time during both
periods (3):

* Flushing of the biopsy cavity with saline solution with the ATEC SUROS
system

versus
* No flushing of the biopsy cavity with the Vacora system
Excellent delineation of the biopsy cavity with ATEC SUROS
system

versus

difficulties to delineate the biopsy cavity (and, thus, to control
the correctness of the biopsy site) with the Vacora system

Impact of two different VAB systems on patient management

1. To report our experiences with two different systems for
MR-guided VAB

Specific advantages and disadvantages

Overall accuracy

2. To analyse how the VAB systems influenced the management of patients
with MR-only lesions

Impact of two different VAB systems on patient management

Use of lesion localization versus vacuum biopsy

Monthly rates of MR-guided interventions on the breast
Before and after advent of the ATEC biopsy device

20
15 14,6
10
6
5
36
2,6
0 T

Period A Period B

[Dlesion localization @ vacuum biopsy |




MR-guided interventions on the breast

Conclusions

pre-operative lesion marking:

very simple, fast, reliable procedure
feasible also with very small lesions

routine diagnostic/therapeutic tool; integral part of clinical care of patients with
"MR-only" lesions

.

MR-guided interventions on the breast

Conclusions

MR-guided VACUUM core biopsies:

simple, straight forward technique
high diagnostic accuracy

VERY efficient strategy to improve patient management

MR-guided interventions on the breast

If you offer breast MRI to a patient, the intent is to detect additional,
conventionally occult breast cancer

If you do breast MRI, but do not offer MR guidance to ensure adequate
management of the lesions you identify -- this is a waste of time and
effort

* MR guided lesion localization is as easy as 1-2-3 !

* Modern MR guided vacuum biopsy systems make




