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Is there a role for contrast-enhanced
ultrasound in the detection and biopsy
of MRI only visible breast lesions?
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Background. This study aimed to evaluate the feasibility of contrast-enhanced ultrasound (CEUS) and CEUS-guided
interventions in the diagnostics of MRI visible fargeted US occult breast lesions.

Patients and methods. This retrospective study examined 10 females with 10 occult, MRI only detected breast
lesions between July 2014 and April 2017. Targeted second look US followed by CEUS with 2.4 ml of SonoVue® were
performed for all of the lesions. After positive CEUS localization the same dose was repeated for confirmation and
CEUS-guided interventions were performed.

Results. MRI revealed 8 mass lesions with a mean size of 9 mm (range 5-16 mm) and 2 non-mass enhancing lesions
of 10 and 20 mm in largest diameters. Targeted US revealed no morphological correlate for the lesions. Five out of 10
lesions (50%) were visible on CEUS. CEUS-guided core biopsy was performed on 4 lesions and 1 was marked with a clip
for later surgical removal. Histopathological analysis confirmed 4 of them to be malignant. Three out of 5 nonvisible
lesions on CEUS underwent MRI-guided inferventions, 1 lesion was scheduled for follow-up as it was non-amenable for
MRI biopsy, and 1 lesion was biopsied under US-guidance. Three of these nonvisible lesions on CEUS were confirmed
fo be malignant.

Conclusions. Based on our preliminary results, CEUS is a feasible tool for detecting many MRI only visible breast le-
sions, resulfing in a more cost effective and less time-consuming practice. It is a more convenient alternative than
MRI guided biopsy and has the potential fo be included in the diagnostic algorithm which evaluates MRI only visible
breast lesions.

Key words: additional lesions; MRI; MRI-guided interventions; contrast-enhanced ultrasound; CEUS; CEUS-guided in-
terventions

Introduction MRI detects additional lesions in 16% (range 11%—

24%) of patients in the ipsilateral breast and 9.3%

Breast magnetic resonance imaging (MRI) has
emerged as the most sensitive imaging modality
in the detection and evaluation of breast lesions.
One of the major indications for breast MRI is the
preoperative local staging of breast cancer and de-
spite controversies about its benefits, the number
of preoperatively imaged women has increased.!?
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(95% confidence interval, 5.8%-14.7%) in the con-
tralateral breast, depending on the patient popu-
lation and the definition criteria.>> MRI-detected
primarily mammographically and sonographically
(US) occult lesions have been shown to rarely dis-
play features that are suggestive of malignancy.®
Therefore, it is important to characterize and man-
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age these breast lesions correctly, because if these
additional lesions are malignant, this can alter the
surgical treatment protocol.?

Additional MRI-detected lesions are character-
ized and evaluated using the BI-RADS® lexicon.
Lesions categorized as suspicious for malignancy
(e.g. BI-RADS® 4 or 5) need to undergo a second
look targeted ultrasound’, and when visible, their
nature should be verified histologically with core
biopsy (CB) under US guidance whenever possible.
A recent meta-analysis of 17 articles that included
benign and malignant lesions revealed that the sec-
ond look ultrasound had a pooled detection rate
of 57.5% (range 22.6-82.1%) in the MRI suspicious
additional lesions.” The second look ultrasound
is able to observe mass lesions and malignant le-
sions better than non-mass-enhancing (NME) or
benign lesions.*” The additional lesions that have
no morphological correlate on targeted ultrasound
should then undergo further MRI-guided vacuum
assisted biopsy (VAB). Nevertheless, MRI-guided
biopsy is a time consuming, expensive and occa-
sionally, challenging procedure. Furthermore, not
all MRI only detected lesions are accessible for MRI
biopsy.!® Therefore, other, more practical, methods
to aid in the evaluation of additional MRI-detected
lesions are needed.

Contrast-enhanced ultrasound (CEUS) is a non-
invasive non-nephrotoxic technique that does not
subject the patient to ionizing radiation. The meth-
od utilizes microbubble contrast agents, blood flow
and tissue perfusion specific imaging.!! Tissue
perfusion is correlated to microvascular density
(MVD)213 and angiogenic factor expression!* are
analogous in CEUS and contrast-enhanced MRI
(CE-MRI)."* MRI contrast agents additionally ex-
travasate to the extracellular matrix due to the
increased permeability of the microvessels.!>!
However, the microbubbles in CEUS contrast agent
do not extravasate; thus it is the contrast agent ac-
cumulating in the intravascular, not in the extracel-
lular space, that is detected in the angiogenetic le-
sions.” CEUS can be administered intravenously to
differentiate benign and malignant breast lesions'®,
to assess the disease extent!” and to monitor the tu-
mour response to neoadjuvant chemotherapy.?’?!

The utility of CEUS to detect MRI only visible
lesions has not been previously reported, yet it is
an attractive additional tool to be incorporated into
the routine clinical practise, because when the tar-
geted US fails, the patients are already in the US
investigation position while rescheduling for MRI-
guided biopsy will inevitably delay treatment deci-
sions. In our institution, CEUS is a routine practice

for various indications; in breast diagnostics it is
occasionally applied to characterize breast lesions
or to identify the sentinel axillary lymph nodes in
appropriate situations.?? The aim of this retrospec-
tive study is to report the feasibility of CEUS and
CEUS-guided interventions in the detection of US
occult MRI visible breast lesions.

Patients and methods
Study design and patients

Patients with malignant or suspicious breast find-
ings are referred to our tertiary hospital (catch-
ment area 260,000 inhabitants) for consultation
and further management. All patients undergo a
full mammography as well as a clinical and bilat-
eral breast US evaluation upon referral. Patients
are referred to breast MRI according to national
guidelines which are in concordance with those
issued by the European Society of Breast Cancer
Specialists working group (EUSOMA).? Annually,
approximately 200 breast MRI examinations are
performed for various indications. For the purpos-
es of the present study patients with MRI-detected
additional lesions that were investigated with
CEUS were retrospectively retrieved from the local
picture archiving and communication system. The
local chair of the hospital district waived the need
for written informed consent from the patients.

Between July 2014 and April 2017, a total of 10
patients fulfilling the following inclusion criteria
were evaluated: 1) bilateral mammograms and
breast US performed by a breast radiologist; 2)
breast MRI according to a structured protocol; 3)
an occult, MRI only detected lesion found on MRI
that might alter the surgical plan; the lesion had
not been evident initially in mammography, US
or clinical examination, 4) no morphological cor-
relate of the lesion found during the targeted US
performed by a breast radiologist.

Breast MRI protocol and image analysis

MRI examinations in 8 patients were performed
at our institution in the prone position with a
seven element, phased-array coil dedicated to
breast imaging (Philips Achieva 3.0 T TX, Philips
N.V., Eindhoven, The Netherlands). The structural
breast MRI protocol consisted of five sequences as
seen in Table 1.

Breast radiologists (with > 20 years of experi-
ence in breast radiology) primarily evaluated the
morphological and kinetic features of MRI findings
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TABLE 1. Breast MRI protocol

Sequence ng resi:I;ﬁiIg:?nm Slice(mirtrz‘l)(ness Scanning time
T1-FFE 4.57/2.3 0.48%0.48 0.7 6min11s
T2-TSE 5000/120 0.6x0.6 2 3min20s
STIR 5000 /60 1x1 2 5min 40 s
T1 dynamic* 4.67/ 2.31 0.96x0.96 1 58.5s
DWI# 7168 /95 1.15x1.15 4 min 8's

#DWI = Diffusion weighted echo planar imaging with five respective b factors (0, 200, 400, 600 and
800 s/mm?2); *eTHRIVE spectrally adiabatic inversion recovery (SPAIR) fat suppression; pre-contrast
and six phases after the gadoterate meglumine (0.2 ml/kg, 3 ml/s) injection followed by a saline
chaser; FFE = fast field echo; STIR = Short tau inversion recovery; TSE = turbo spin echo

together with mammograms and US examinations
guided by the BI-RADS® lexicon. Two patients
were referred to our university hospital from two
central hospitals for MRI-guided interventions be-
cause of MRI only visible lesions. These patients
were scanned with 1.5 T scanners yet with a simi-
lar structured MRI protocol. MRI-guided interven-
tions were performed with automated 10 gauge (G)
vacuum assisted biopsy device (EnCore Enspire
Breast Biopsy System, C.R. Bard Inc., Tempe, AZ,
USA).

Second look targeted US examination

Patients were meticulously scanned with both grey
scale and Doppler US. For MRI lesions detected in
the lateral part of the breast, patients were scanned
in the opposite lateral decubitus position and con-
sequently in the ipsilateral oblique position for
medial lesions in an attempt to simulate the MRI
position of the breast. If no morphologically con-
cordant lesions were detected in targeted US, then
a CEUS examination was considered.

CEUS procedures

The purpose and nature of the CEUS procedure
was discussed with the patient and all patients pro-
vided verbal consent. Nonlinear harmonic imaging
using an Esaote MyLabClassC ultrasound scanner
(Esaote S.p.A., Genova, Italy) equipped with a
7-13 MHz linear array transducer was performed
at baseline with a low mechanical index (MI) of
0.08 in three patients. The remaining examinations
were performed using Logiq E9 class US scanner
(GE, Wauwatosa, Wisconsin, USA) with a low MI
of 0.11. A microbubble contrast agent (SonoVue®,
Bracco S.p.A., Milan, Italy) was used for localizing
occult lesions. The contrast agent was adminis-
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tered according to the guidelines of the manufac-
turer: microbubble dispersion was prepared before
use by injecting through the septum the contents
of the vial a total of 5 ml of sodium chloride 9 mg/
ml (0.9%) solution for injection. The vial was then
shaken vigorously for a few seconds until the ly-
ophilisate was completely dissolved. A standard
dose of 2.4 ml of dispersion was drawn into a sy-
ringe and administered intravenously via an 18-G
cannula placed in a cubital vein. Injections were
flushed with 5 ml of sodium chloride 9 mg/ml
(0.9%) solution.

After contrast agent administration, the sus-
pected area was scanned to detect enhancements
morphologically concordant with the MRI find-
ing. If the lesion was identified, then the skin area
was ink-marked and sterilized. The marked area
was confirmed with another SonoVue injection
and thereafter, without moving the US probe, the
breast area was anesthetized and an incision was
made to collect the biopsy. Histopathological CB
samples were obtained using 14-G core needle tar-
geted at the area of interest. After the CB, the tar-
geted area was marked with a coil. Both gray scale
targeted US and CEUS breast examination were
performed in all cases by or under the direct su-
pervision of a breast radiologist with over 20 years
of experience in multimodality breast imaging. All
interventions were performed by the same senior
breast radiologist.

Histopathological analysis

CB specimens were placed into 10% formalin and
embedded in paraffin after fixation. The samples
were cut into 5 um slices at four different levels
and stained with haematoxylin and eosin. Biopsy
samples were evaluated by two pathologists, first
at the time of diagnosis, and then at a multidisci-
plinary meeting. Diagnosis was confirmed from
final surgical specimens when indicated. Both non-
invasive and invasive carcinomas were considered
malignant.

Results

MRI detected 8 mass lesions with a mean size of
9 mm (range 5-16 mm) and 2 non-mass enhance-
ment of 10 and 20 mm in largest diameters. Five of
these lesions were CEUS positive, of which 4 un-
derwent CEUS-guided CB (Figure 1) and one was
primarily marked with a clip for later surgical re-
moval. Of these 5 lesions, 4 proved to be malignant.
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FIGURE 1. 53 year old female patient with invasive carcinoma
of the right breast. MRI detected an occult, BI-RADS 5,
oval, 20x16 mm irregular mass lesion in the lower medial
quadrant of the left breast (not shown). Targeted US (A) was
negative. Confrast-enhanced ultrasound (B) revealed a 21
mm enhancement. Core biopsies were obtained from the
enhancement area (C, ARROW) showing the core biopsy
needle’s position). Both core biopsy and final histology showed
high grade invasive carcinoma.

In one of these patients, CEUS showed a round 5
mm lesion which was evaluated to be low grade
ductal carcinoma in situ (DCIS) at CB. At final his-
tology, a low grade invasive carcinoma was found
in the continuation of the DCIS. It is presumed that
the CEUS showed only the DCIS component which
was also carefully targeted (Figure 2).

Of the 5 CEUS negative patients, 2 underwent
MRI-guided vacuum assisted biopsy and 1 was
subjected to MRI-guided coil localization. One pa-
tient had a non-mass lesion close to the chest wall
deemed non-amenable to MRI-guided biopsy. The
patient’s preference was follow-up with MRI and
mammography. The lesion remained stable after 2
rounds of breast MRI at 6 and 14 months. In one
CEUS negative patient, targeted US had revealed
only a slight nonspecific architectural distortion
at the site of MRI enhancement not deemed to
be morphologically concordant with confidence.
Nonetheless, it was biopsied and coil marked after
the negative CEUS and subsequently proved to be
malignant. More detailed patient and lesion char-
acteristics are presented in Table 2.

After coiling, a mammogram was acquired in
two orthogonal views to confirm the localization
of the coil. Seven coil-marked lesions were surgi-
cally removed after stereotactic or US-guidance
wire localization of the coil. One patient with
negative CEUS and malignant MRI-guided vacu-
um biopsy is treated in another hospital and her

medical records on final treatment decisions are
not available.

Discussion

MRI-detected primarily occult additional lesions
are small, have few specific suspicious features,
and are therefore challenging to characterize.®
When imaged by US, these lesions are usually sub-
tle and appear as nonspecific findings.?* Searching
for such lesions can therefore be challenging and
time consuming even in the hands of experienced
breast radiologists. Our findings indicate that
CEUS and CEUS-guided interventions are feasi-
ble in the evaluation of half of the MRI only visible
lesions and represent a practicable alternative for
MRI-guided biopsy in these situations.

In general, CEUS is known to be a safe, rapid,
cost-effective and less time-consuming procedure
for both the clinician and the patient.® In our
study, half of the CEUS studies were, however,
negative, meaning that there were some additional
contrast agent costs. Nevertheless, these costs are
less than the savings made when MRI-guidance
is avoided. In our institution, the basic list price
of CEUS and CEUS-guided biopsy and coil place-
ment is 313 € compared to 1167 € for MRI-guided
biopsy. Furthermore, patients can be evaluated
and managed immediately in positive cases, thus
eliminating the need for rescheduling for MRI-
guided intervention.
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FIGURE 2. 60 year old female patient with invasive carcinoma of no specific type
(NST) of the left breast (not shown). MRI detected an occult BI-RADS 4 oval, 7x5
mm mass lesion in the upper medial quadrant of the right breast (A-C) thin slice
multiplanar reconstruction in axial, coronal and sagittal orientations). Targeted US
was negative (D). Contrast-enhanced ultrasound (E, ARROW) revealed a 5 mm
round enhancement. Low grade ductal carcinoma in situ (DCIS) was diagnosed in
the core biopsy of the enhanced lesion. The final histology was both DCIS (6x4 mm)

and low grade invasive carcinoma NST (6x5 mm) in close vicinity.
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TABLE 2. Patients, indications for MRI and MRI-only detected lesions’ characteristics, interventions and histopathological diagnosis

o Age Indication for 0cculi-le§|qn Oc'culi . C:.EUS o Reveniion C'B and flnal hlstopuiholgglcal
yrs MRI characteristics on MRI lesion size visualization diagnosis and size of lesion
1 71 Preoperative Mass, round, 6 mm Positive CEUS- CB: Low grade DCIS
local staging circumscribed, washout guided CB Final: Low grade DCIS. 3 mm
kinetic curve
2 78 Problem Mass, oval, circumscribed, 7 mm Negative MRI-guided Final: Papilloma. 5 mm
solving washout kinetic curve localization
3 64 Incidental NME, focal, 20 mm Negative US-guided CB CB: high grade DCIS.
breast lesion heterogeneous Final: high grade DCIS.16 mm
on CT
4 54 Preoperative Mass, round, 7 mm Positive CEUS-guided Final: Intermediate grade IC
local staging circumscribed, clip placement NST. 5 mm
heterogeneous, washout
kinetic curve
5 54 Axillary Mass, irregular, not 12 mm Negative MRI-guided CB VAB: Carcinoma with
metastasis circumscribed, plateau medullary feature
from an occult kinetic curve Final: Carcinoma with
breast cancer medullary feature and high
grade DCIS.10 mm
6 66 Problem Mass, round, 5 mm Positive CEUS-guided CB: Fibrocystic lesion,
solving circumscribed, ring like CB. liponecrosis
enhancement, persistent Follow-up
kinetic curve
7 30 Problem NME, focal, 10 mm Negative Follow-up --
solving heterogeneous
8 61 Preoperative Mass, oval, irregular, 10 mm Positive CEUS- CB: Low grade DCIS
local staging washout kinetic curve guided CB Final: low grade IC NST 6 mm
and Low grade DCIS 5mm
9 53 Preoperative Mass, oval, irregular, 16 mm Positive CEUS- CB: High grade IC NST
local staging washout kinetic curve guided CB Final: High grade IC NST.
13 mm
10 65 Axillary Mass, oval, circumscribed, 9 mm Negative MRI-guided VAB: High grade DCIS +
recurrence homogeneous, persistent VAB suspected microinvasion

kinefic curve

CB = Core biopsy; CEUS = Contrast-enhanced ultrasound; CT = Computed tomography; DCIS = Ductal carcinoma in situ; IC NST = Invasive carcinoma no special type; MRI =
Magnetic resonance imaging; NME = Non-mass-enhancing; US = Ultrasound; VAB = Vacuum assisted biopsy

Tumor-induced angiogenesis results in imma-
ture and dysfunctional vessels with different levels
of vascular permeabilities and these are also visual-
ized in dynamic gadolinium enhanced breast MRIL
Microvascular density is linked to tumor growth
and prognosis. As MRI contrast readily leaks out
of the vasculature especially in malignant tumors,
it obscures the structures of possible microvessels
and complicates the assessment of their density.
Nevertheless, it is believed permissible to link the
morphology of MRI enhancement to the microvas-
cularity pattern.?” Furthermore, according to an an-
imal model study conducted by Jansen et al., it has
been speculated that gadolinium penetrates and
collects inside the dilated DCIS ducts i.e. gadolin-
ium accumulation was observed within the intra-
ductal neoplastic space 2 minutes after the admin-
istration of the contrast agent. In contrast, CEUS
specifically reveals only the microvascular struc-
tures without any interfering leakage. Intuitively,
it can be assumed that invasive cancers have a
denser microvascular network and are thus more
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amenable to CEUS visualization. Interestingly, in
our study, we were not able to visualize some of
the more aggressive DCIS and invasive lesions, in-
dicating that the vascular density of a malignant le-
sion is not necessarily related to either lesion mor-
phology or histopathology. Therefore, a negative
CEUS cannot be used to rule out malignancy and
further evaluation with MRI-guided interventions
should be deemed necessary. This observation will
need to be confirmed in a larger patient popula-
tion.

The use of CEUS also requires experience and
state of the art US scanners with contrast applica-
tions. Biopsy and clip-marking of CEUS visualized
lesions, although feasible as demonstrated in our
study, can prove to be a challenging procedure.
It could therefore be speculated that in cases of
negative second look targeted US, MRI-guided
biopsy would be a straightforward next step pro-
cedure. Nevertheless, non-visualization after
contrast agent administration does occur also on
MRI-guided biopsy in about 8-13% cases requiring
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short term follow-up.?® Furthermore, the technical
aspects of MRI-guidance have additional weak-
nesses including the use of a compression grid
system which limits access to areas between grid
holes and makes it difficult to localize lesions in
the retromamillary region, near the chest wall and
in axillary tail. Even though compression grid free
freehand MRI biopsy technique is not subject to
localization limitations, it might prolong examina-
tion time due to repeated imaging to confirm prop-
er needle placement.”” Nonetheless, regardless of
all the previously mentioned difficulties, we be-
lieve that CEUS confers considerable added value
in the immediate evaluation of occult lesions and
therefore more investigations into its applicability
are warranted.

The small number of patients in this study is a
major limitation and therefore no definitive solid
conclusions can be made about the diagnostic per-
formance and cost-effectiveness of CEUS in this
indication. Nevertheless, our study can be consid-
ered as a pilot report, clearly showing that some
small US occult lesions do enhance with CEUS and
therefore this procedure is feasible and further in-
vestigations on this issue are well-founded.

In conclusion, CEUS is a feasible and more con-
venient alternative to MRI-guided biopsy for some
MRI only visible lesions, resulting in a more cost-
effective and less time-consuming practice. CEUS
has the potential to be included in the diagnostic
algorithm for the evaluation of MRI only visible
breast lesions. Based on our initial experience, fur-
ther studies are warranted to confirm our findings
and possibly to define which lesions benefit most
from this technique.
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