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Abstract. An assessment is ongoing of the ability of dual energy contrast-
enhanced digital breast tomosynthesis (CE-DBT) to depict the morphologic and
vascular characteristics of breast cancer in comparison with breast MRI and
digital mammography (DM). Eight patients with newly diagnosed breast cancer
were imaged with an automated dual-energy CE-DBT system. High energy/low
energy image pairs of the index breast were obtained at 1 pre- and 3 post-
contrast timepoints. Post-contrast images were obtained after intravenous ad-
ministration of Visipaque (1 mL/kg). Anatomic images were reconstructed us-
ing filtered backprojection, and contrast-enhanced images were generated using
simple backprojection followed by temporal or dual-energy subtraction. Dual-
energy CE-DBT was able to demonstrate the index malignant lesion in 7 of 8
patients (9 of 10 lesions). Morphologic characteristics including margin detail
and associated microcalcifications were qualitatively concordant with DM.
Vascular characteristics were identifiable qualitatively on post-processed im-
ages in some cases, and judged to be qualitative concordant with breast MRI.

1 Introduction

On imaging, malignant breast lesions are characterized by both structural and func-
tional features[1-4]. Currently, multimodality imaging provides complementary in-
formation that is useful in the assessment and staging of breast cancer. However,
while MRI can provide vascular information about breast lesions [5-6], it has lower
spatial resolution than digital mammography and microcalcifications are not directly
visible on MRI. Conversely, projection digital mammography can demonstrate mor-
phology with high spatial resolution, but is susceptible to artifacts from superimposed
tissues and does not provide functional information about breast lesions.

CE-DBT can potentially integrate into one breast imaging tool many of the strengths
of existing multimodality imaging while also avoiding some limitations of existing
modalities. The unique combination into a single imaging modality of the ability to
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acquire functional characteristics of breast lesions together with high spatial resolution
similar to digital mammography results in a potentially powerful breast imaging tool.
An additional strength of CE-DBT lies in the underlying technology of digital breast
tomosynthesis (DBT), which circumvents the limitations of two-dimensional projection
mammography. DBT is an emerging x-ray based breast imaging technique in which
high resolution tomographic images of the breast are obtained at a dose comparable to
projection mammography [11, 12]. In clinical trials, DBT provides improved sensitivity
and specificity relative to projection mammography[12].

Thus, the purpose of this study was to assess the ability of dual-energy CE-DBT to
demonstrate morphologic and vascular characteristics of breast cancer in comparison
with breast MRI and digital mammography. Our hypothesis is that these features of
breast cancers will be demonstrable on CE-DBT images.

2 Methods

2.1  Acquisition Protocol

This prospective research study received IRB approval and is HIPAA compliant.
After informed consent was obtained, 8 patients (age range 48 — 68 years) with newly
diagnosed breast cancer were imaged with an automated dual-energy CE-DBT system
(Hologic, Bedford MA). High energy/Low energy image pairs of the index breast
were obtained at 1 pre and 3 post-contrast timepoints. Dynamic post-contrast images
were obtained after intravenous administration of Visipaque (1 mL/kg) using a power
injector (2-3 ml/sec). Images were reconstructed using backprojection (Figure 1).
Subtraction images were generated and reviewed (dual energy and temporal). In this
preliminary study, no motion correction processing was applied. Qualitative compar-
ison with breast MRI and DM in each case was performed.

DM: DM was obtained as part of the standard clinical workup, prior to diagnosis.

MRI: The breast MRI was performed either before or after the CE-DBT exam (6 on
the same day, 1 the day after MRI, and one 12 days after MRI.) MRI was performed
with the patient prone in a 1.5-T scanner (Siemens) with a dedicated surface breast
coil array. For contrast imaging, a rapid bolus injection of 0.1 mmol/kg gadobenate
dimeglumine (MulitHance, Bracco Diagnostics Inc, Princeton, NJ) followed by a
saline flush was administered (via peripheral intravenous access). The clinical breast
MRI protocol includes the following series: pre-contrast T1-weighted, pre-contrast
T2-weighted fat suppressed, pre-contrast T1-weighted fat suppressed, dynamic post-
contrast T1-weighted fat suppressed (3 timepoints, 90 second intervals), delayed axial
T1-weighted fat suppressed. Sagittal subtraction images are generated.

CE-DBT: Each patient underwent unilateral CE-DBT using the Hologic Selenia Di-
mensions CE-DBT prototype system (Table 1). Patients were seated for the duration
of the exam. Initial pre-contrast DBT high and low energy pair in the MLO projection
(or optimal projection for visualization of the index lesion) was obtained
(7 MLO, 1 XCCL). The low energy series was used as an unenhanced anatomic
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baseline for tomographic assessment of microcalcifications and margin analysis. The
high energy series was used as the tomographic mask for temporal subtraction. The
breast remained in this compression for the remainder of the study. Then, a contrast
injection of 1ml/kg iodixanol (Visipaque-320,GE Healthcare Inc., Princeton, NJ) was
made(via peripheral intravenous access) using a power injector followed by a saline
flush. Three post-contrast high energy/low energy (HE/LE) image sets were obtained
(20 seconds, 1 minute 25 seconds, and 3 minutes 25 seconds after injection com-
mencement.) The timing of the post-injection CE-DBT images is based on prior work
for breast MRI with multiple post-contrast time points [10]. The breast with the index
lesion was then decompressed. Our current technique results in a mean glandular dose
of approximately 3.0 mGy per HE/LE image set for a 4.5 cm breast. Current total
procedure time is less than 8 minutes.

Table 1. Hologic Prototype CE-DBT system

Target w

kVp 49 (HE) / 32 (LE)

Filter Cu (HE) / Al (LE)

SID 70 cm

Detector 3 fps, 2x2 binning

Angular Range 15°

Scan Time 7.3 seconds

Projections 22, 11(HE), 11(LE) interleaved

DE tomo scan

11 LE, gain corr. 11 HE, gain corr.

BP recon

FBP Recon

Normal LE slices Filtering an_d e Normal HE slices
processing

DE sub slices

Fig. 1. Dual Energy Processing. FBP = Filtered Back Projection, BP = Back Projection. Source
DE tomosynthesis images were post processed per this schematic to create the images for clini-
cal interpretation.
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2.2  Image Interpretation

Images were reviewed by a fellowship-trained breast imager. The size of the in-
dex lesion (at least the greatest linear dimension) was measured. Findings regard-
ing the margins of the index lesion were recorded using descriptors in the ACR
BIRADS lexicon. Vascular enhancement kinetics were assessed and characterized
as Persistent, Plateau, or Washout for the index lesion (as per the BI-RADS lex-
icon[1]).

Ratings on a 10-point scale (10 = best, equivalent to DM) of the conspicuity of
margins on CE-DBT relative to DM and on MRI relative to DM were recorded. Simi-
larly, the visibility of any associated microcalcifications on CE-DBT and MRI were
separately evaluated relative to DM and recorded.

3 Results

Dual-energy CE-DBT was able to demonstrate the index malignant lesion in 7 of 8
patients (9 of 10 lesions). The one lesion in one patient that was not demonstrated was
secondary to a far posterior location of the tumor, which was not an area that could be
imaged mammographically (the finding had been detected on physical exam and eva-
luated with ultrasound).

Morphologic characteristics including margin detail were visualized on CE-DBT.
Presence of associated microcalcifications were visualized on CE-DBT processed
images in 4/4 lesions with associated microcalcifications. Benign microcalcifications
away from the index lesion were visualized and characterized as benign on tomosyn-
thesis images in 1 case. Qualitative concordance with digital mammography was
judged to be achieved. Vascular characteristics were identifiable qualitatively on post-
processed dual energy subtraction images in 4 cases. Qualitative concordance with
breast MRI was judged to be achieved in those cases. (Table 2) (Figures 2 and 3)

4 Discussion

CE-DBT can potentially integrate into one breast imaging tool many of the strengths
of existing multimodality imaging while also avoiding some limitations of existing
modalities. The unique combination into a single imaging modality of the ability to
acquire functional characteristics of breast lesions together with high spatial resolu-
tion similar to digital mammography results in a potentially powerful breast imaging
tool. An additional strength of CE-DBT lies in the underlying technology of digital
breast tomosynthesis (DBT), which circumvents the limitations of two-dimensional
projection mammography. DBT is an emerging x-ray based breast imaging technique
in which high resolution tomographic images of the breast are obtained at a dose
comparable to projection mammography [11, 12]. In clinical trials, DBT provides
improved sensitivity and specificity relative to projection mammography[12].



S. Gavenonis et al.

36

noysem

- - L o1 pidey prdey JenSoxy pae[nordg sTxee 1€X 02 8
pauodax
10)d119Sap ON
- - 3 oL ‘quesald u00s JON - Tejngowry vLX6 4
papodar sSupuy
103dLI0S3p ON. oq
1 01 - - ‘quesard U338 JONL V/N suoneoHIEe) 8€ X 88 LTx8 I L
OI] SSEW-U0u
Juo)sisIod Jua)sisiod PoJRIOOSSE (xopur)
- - 8 o1 ‘pidey ‘prdey ‘pare[nordg paenordg dv st £ 2374 9
91| SSew-uou
pajeIOOSSe Ie[nSa1m
1 8 01 01 Py U33s JON. “remBory ounspuy 01 €1 X9 4
pauodax
10)d119s3p ON
1 8 - - Juesarg u2as JON Teaury Ieoury 6 T1X9 I S
pauodax Joursod
10311959 ON @ st Iy 00}
- - L - ‘yuosard U335 10N JemSowy - x(IS) €1 ‘B398 JON. 14
pauodax
(uSaq) 10)d11953p ON. @av)
1 6 8 or Juasard u33s JON poyenordg pare[nordg €1 x(I8) ST €
oY SSew-uou aYI] SSeW-Uou @v)
1 6 - - Ju)SISIOg W3)SIsIg [eyuemsag TejuswBeg @v)os 6sx7s) e 4
Te[n3a1x
- - 9 L JusysisIog JuysIsISg TepnSawy ‘Youysipuy @v) vi 9XGX6 I
RIN  19d-HD RIN 1dddd RN 14a-20 AN 19a-d40 RIN 190-340
Na o124y 21qIAD fi
-va4 Anordsuod A 01 2av)24 A1 (519v10AD ) dV IS T uols
uonvIdWooLIN  -1no1dsuod urSiop SONULY JUDWSOUDYUTT suBivpy (ww) 2218 27 251D

N 031 JusreAInbo 459q = (0 ‘sO[eOS [BOLIOWNY 10 “ATeWwWng Jse)) 7 AL



Initial Experience with Dual-Energy CE-DBT 37

Fig. 2. DCIS. Segmental clumped enhancement in the upper breast. From left to right: Pre-
contrast low energy DBT, Post-contrast DE subtraction at 20 s, Post-contrast DE subtraction at
3 m 25 s, and subtraction image from breast MRI at 3 min. Clip at site of prior biopsy.

Fig. 3. Invasive ductal carcinoma. Irregular enhancing mass in the upper breast, with washout
kinetics. From left to right: Pre-contrast low energy DBT, Post-contrast DE subtraction at 20 s,
Post-contrast DE subtraction at 3 m 25 s, and (bottom) subtraction MRI at 3 min.
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Early preliminary studies’ have demonstrated that CE-DBT using an iodinated vas-
cular contrast agent has the potential to demonstrate morphology and vascular en-
hancement information of malignant breast lesions concordant with that of MRI. A
temporal subtraction CE-DBT technique was performed in 13 patients, where one
pre- and one or more post-contrast tomosynthesis time-points are acquired using a
spectrum beyond the K-edge of iodine (32.3 keV). Logarithmic subtraction yields
iodine-enhanced images. In this early pilot group, 11 of 13 patients had malignancy [6
invasive ductal carcinoma; 4 DCIS; and 1 invasive lobular carcinoma]. Suspicious
enhancing lesions were demonstrated in 10 of 11 cases of pathology proven breast
cancer using this temporal subtraction CE-DBT technique. Also, when present, spicu-
lated margins were more conspicuous on CE-DBT than on breast MRI. Furthermore,
one case of breast cancer was initially detected by CE-DBT, and was only demon-
strated on MRI on repeat imaging.

Additional early investigations into a dual-energy technique for CE-DBT have
been performed[8]. At each time point, iodine-enhanced images are calculated by
weighted logarithmic subtraction of the low-energy and high-energy (LE and HE)
images[9, 10, 13, 14]. In a pilot study of one patient[8] with a known malignancy, a
combined temporal and dual-energy CEDBT technique was performed with a total
mean glandular radiation dose within prescribed limits for x-ray breast imaging
(6.48mSv for this patient with a breast thickness of 5 cm in compression). In addition
to providing morphologic and vascular information about the malignant lesion, dual
energy CE-DBT also appeared more resilient to motion artifacts when compared with
temporal subtraction CE-DBT in this one case.

Thus, the purpose of the current study was to assess more fully the ability of dual-
energy CE-DBT to demonstrate morphologic and vascular characteristics of breast
cancer in comparison with breast MRI and digital mammography. Our hypothesis
that these features of breast cancers will be demonstrable on CE-DBT images is sup-
ported by the qualitative results obtained to date.

One of the technical factors that may have led to nonvisualization of the index le-
sion is the location of the finding. In one case, the finding was far posterior and could
not be visualized on mammographic techniques, as the region could not be included
in the image. This is not a limitation that is unique to tomosynthesis or CE-DBT.

Another factor that may have influenced contrast agent uptake is that in this current
series, the breast remained in compression for the injection in order to allow for tem-
poral subtraction of the pre image from the post images. This compression force may
have impeded vascular flow through the breast and to the lesion. This factor is under
consideration as further studies are planned. Thus, future work would include opti-
mizing the compression force used (if any) during contrast injection.

In addition, visualization of uptake may be affected by the timing of image acquisi-
tion post-contrast. Either imaging too early or too late could affect this. Future work
also includes optimizing the image acquisition timing post contrast injection.

If there were associated microcalcifications, these findings were very well demon-
strated on the CE-DBT study. In future work, if vascular enhancement visualization
can be optimized, then this would facilitate correlation of any visualized enhancement
with the calcifications.
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Significance and Future Directions

The results from this pilot study support the hypothesis that CE-DBT can demonstrate
both high-resolution morphologic features of breast cancers (including microcalcifica-
tions) and vascular characteristics that are qualitatively concordant with DM and
breast MRI. Additional reader studies are planned. Furthermore, CE-DBT may also
theoretically offer quantitative evaluation of contrast uptake and perfusion given the
linear relationship between attenuation and contrast-agent concentration. Additional
work in this exciting direction is also planned.

This work is supported in part by Grant IRG-78-002-31 from the American Cancer

Society, and Grant ULIRR024134 from the National Center For Research Resources.
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