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A B S T R A C T

Background: Dynamic contrast enhanced (DCE) breast MRI is highly sensitive for breast cancer and requires
gadolinium-based contrast agents (GBCA)s, which have potential safety concerns.
Purpose: Test whether breast cancers imaged by 3T DCE breast MRI with 0.05 mmol/kg of gadobutrol are de-
tectable.
Methods: Analysis of 3T DCE breast MRIs with half dose of gadobutrol from patients included in an IRB-ap-
proved and HIPPA-compliant prospective study of breast PET/MRI. Between 11/7/2014 and 3/2/2018, 41
consecutive women with biopsy-proven breast cancer that was at least 2 cm, multi-focal or multi-centric, had
axillary metastasis, or had skin involvement who gave informed consent were included. Two breast radiologists
independently recorded lesion conspicuity on a 4-point scale (0 = not seen, 1 = questionably seen, 2 = ade-
quately seen, 3 = certainly seen), and measured the lesion. Size was compared between radiologists and with
size on available mammogram, ultrasound, MRI, and surgical pathology. Inter-reader agreement was assessed by
kappa coefficient for conspicuity. Lesion size comparisons were assessed using the Spearman rank correlation.
Results: In 40 patients (ages 28.4–80.5, 51.9 years), there were 49 cancers. 10.1% of lesions were 1 cm or less
and 26.5% of lesions were 2 cm or less. Each reader detected 49/49 cancers. Conspicuity scores ranged from 2 to
3, mean 2.9/3 for both readers (p = 0.47). Size on half-dose 3T DCE-MRI correlated with size on surgical pa-
thology (r = 0.6, p = 0.03) while size on mammogram and ultrasound did not (r = 0.25, p = 0.46; r = 0.25,
p = 0.42).
Conclusion: All breast cancers in this cohort, as small as 0.4 cm, were seen on 3T DCE breast MRI with
0.05 mmol/kg dose of gadobutrol.

1. Introduction

1.1. Breast cancer screening

Mammogram is the standard of care for breast cancer screening
[1,2]. However, DCE breast MRI is highly sensitive and has been shown
to double cancer detection over mammogram and ultrasound combined
in elevated risk women [3,4] and has shown to achieve incremental
cancer detection rates of up to 22.6 per 1000 MRIs in normal risk
women, with cancer yields among all four breast densities [5]. MRI
detects cancers of average smaller sizes and lower rates of nodal me-
tastases than cancers detected on physical exam, mammography, or

ultrasound [3–5]. These smaller, node-negative cancers are associated
with less invasive treatments and better long-term disease-free survival
rates [6,7]. DCE breast MRI screening is now indicated for breast cancer
screening in women with a 20% or greater lifetime risk of breast cancer
and in many women with a personal history of breast cancer [8–12].

1.2. Gadolinium

The need for gadolinium-based contrast agents (GBCA)s is one ob-
stacle to widespread screening with DCE-MRI. Other obstacles in-
cluding cost, availability, and imaging time are beginning be addressed
by recent studies showing that short DCE-MRI protocols including a
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single pre- and post-contrast T1-weighted image set have sensitivities
nearly equivalent to a full protocol breast MRI [13–15].

GBCAs render hypervascular tissues with increased vascular leaki-
ness (i.e. cancers) brighter on T1-weighted images than surrounding
less vascular tissues and are, at present, essential to breast MRI. In its
free form, gadolinium is toxic as it interferes with calcium channels and
protein binding sites [16,17]. Gadolinium ions are therefore chelated to
a conjugate base into linear or macrocylic GBCAs, which allow for renal
excretion. Recent studies have demonstrated gadolinium accumulation
in the brain and bone [18,19] with repeated administrations, although
no associated toxic effects have been shown. Accumulation appears to
be greater with linear as compared with macrocyclic contrast agents
[20,21], although with repeated administration, as is required for
screening, macrocyclic agents have also demonstrated brain accumu-
lation [19,22]. GBCAs may cause minor allergic and even rare ana-
phylactic reactions [23,24] and, in patients with renal failure (which
may be uncommon in a breast cancer screening population), gadoli-
nium administration may lead to nephrogenic systemic fibrosis [25].
Finally, increasing concentrations of excreted gadolinium have been
documented in environmental water including tap water, with con-
centrations highest in areas with robust medical imaging [26,27].

In light of potential adverse effects, deposition within the body, and
excretion into our environment, an as low as reasonably achievable
(ALARA) approach to imaging with gadolinium makes sense. Recent
studies have looked at reducing GBCA dose in MRI exams of the brain
[28], prostate [29], and heart [30]. In the breast, there are two older
studies looking at GBCA dose: one looked at multiple doses of linear
GBCAs [31] of variable relaxivities and another compared a 0.1 mmol
GBCA dose with a higher dose [32], but none have addressed a reduced
dose of a macrocyclic agent such as gadobutrol.

The purpose of this study was to determine whether breast cancers
are detectable on dynamic contrast enhanced (DCE) breast MRI at 3T
with a reduced, 0.05 mmol/kg, dose of gadobutrol.

2. Materials and methods

2.1. Study

This study was approved by our institutional review board and was
Health Insurance Portability and Accountability Act-compliant. Written
informed consent was provided by all study participants prior to par-
ticipation. Between 11/7/2014 and 3/2/2018 patients underwent a
breast MRI at 3T with a half dose (0.05 mmol/kg) of intravenous (IV)
gadobutrol (Gadavist, Bayer Healthcare Pharmaceuticals, Whippany,
NJ) as part of a study of breast and whole-body PET/MRI in breast
cancer patients. In this study, a half dose of gadobutrol was adminis-
tered for the breast PET/MRI, and a second half-dose was administered
later in the same day for the subsequently performed whole-body PET/
MRI, which is not analyzed in this manuscript.

2.2. Inclusion criteria

To be referred for this study, patients had to have a core biopsy-
proven, untreated breast cancer that: 1. measured at least 2 cm in
maximum diameter, 2. was multi-focal or multi-centric on conventional
imaging, 3. was associated with a biopsy proven ipsilateral axillary
nodal metastasis, or 4. involved the skin. Exclusion criteria included
failure to adhere to the exam protocol or a prior gadolinium injection
within 24 h of this exam to ensure that no residual gadolinium would
affect exam interpretation. [Gadobutrol has been shown to have a mean
terminal half-life of 1.8 h (90% CI 1.33–2.13 h) and to show 98% renal
excretion at 12 h after injection of 0.1 mmol/kg] [33].

To be included as a cancer, an index lesion needed to be verified by
core biopsy. In cases of additional ipsilateral cancers, lesions with a
positive fine needle aspiration biopsy or a decrease in size or dis-
appearance on follow-up 3T DCE-MRI in response to neoadjuvant

chemotherapy in parallel with the index lesion were included.

2.3. DCE-MRI

DCE-MRI was performed as part of a an 18F-fluorodeoxyglucose
(FDG) positron emission tomography (PET)/MRI breast exam on a 3T
mMR system (Biograph, Siemens Healthineers, Erlangen, Germany)
with a dedicated multi-channel breast coil (Noras, Wurzburg,
Germany), with the patient in prone position and the breasts in mild
compression. Data from the PET portion of this exam was not included
in this study. However, 555 MBq 18f-FDG was injected IV 45 min prior
to these examinations.

DCE-MRI data were acquired by two separate T1-weighted imaging
protocols during this study. The first 24 patients were imaged using a
prototype radial stack-of-stars 3D spoiled gradient echo pulse sequence
[34] with frequency-selective fat suppression, TR/TE = 3.27/1.39 ms,
flip angle = 12°, resolution = 1.4 × 1.4 × 2.5 mm3, image matrix
size = 256 × 256 × 80. A total of 1497 spokes (6:29 min) were ac-
quired to generate 5 frames of 3D images (78 s/frame using 299 spokes/
frame) using the online image reconstruction provided by the manu-
facturer. After baseline acquisition of 78 s (299 spokes), a single dose of
gadobutrol at 0.05 mM/kg body weight was injected at 2 mL/s, fol-
lowed by saline flush with a power injector (Medrad, Indianola, PA),
while the scan continued for another 5 min 11 s (1196 spokes). For the
first 6 patients, sagittal images were sent to PACS. In accordance with
an institutional change in scan orientation, axial images were sent to
PACS for the next 17 patients.

As initial exams appeared successful, the decision was made to
proceed with our clinical T1 sequence to provide more familiar images
that could also be useful as comparison exams for our clinical radi-
ologists. Thus, the 24th through 40st patients were imaged in the axial
plane by using a three-dimensional volume-interpolated breath-hold
examination (VIBE) sequence with repetition/echo times of 4.74/
1.79 ms and flip angle of 10 degrees for four frames with fat suppression
using spectral attenuated inversion recovery (SPAIR). The image matrix
size was 448 × 448 × 192 with the resolution of 0.8 × 0.8 × 1.1 mm3.
After the first frame, a single dose of gadobutrol at 0.05 mM/kg body
weight was injected at 2 mL/s, followed by saline flush with a power
injector (Medrad, Indianola, PA). The total duration of the scan was
6:20 min, with 1:35 min for each frame. Images were sent to PACS.

2.4. Image interpretation

Two breast radiologists, A.M. with 10 years of experience and E.M.
with one year of experience, independently reviewed each study, using
the third or fourth frame of the radial MRI dataset and the first or
second post-contrast VIBE dataset. Readers knew that each patient had
a breast cancer but were not aware of the laterality, location with the
breast, or whether there were additional cancers in the ipsilateral or
contralateral breast. Readers were blinded to each other, the patient's
pathology results, and prior imaging. Each radiologist recorded whe-
ther a lesion was detectable on a four-point scale (0 = not seen,
1 = questionably seen, 2 = adequately seen, 3 = certainly seen) and
lesion size by measurement of the greatest extent of abnormal en-
hancement. Lesion size was recorded as a surrogate marker of con-
fidence in that if both radiologists recorded similar measurements, it
would follow that the abnormal enhancement had a clearly perceivable
boundary. When a measurement discrepancy between readers changed
the category of mass size, the measurement by Reader 1 was used, as
reader one had many years more experience. Reader 1 also character-
ized each lesion as a mass, focus, or nonmass enhancement and graded
background parenchymal enhancement (BPE) and fibroglandular tissue
(FGT) on four-point scales as described in the BI-RADS lexicon [35]. In
cases of combined mass and nonmass enhancement, the lesion was
categorized as nonmass enhancement when the extent of nonmass en-
hancement was inclusive of the mass.
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2.5. Data collection

The electronic medical record (Epic, Madison, WI) was reviewed for
patient age, menopausal status, clinical history including breast cancer
risk factors and whether the breast cancer presented clinically, tumor
pathology including estrogen receptor (ER), progesterone receptor
(PR), and human epidermal growth factor receptor (HER) 2 status,
axillary nodal biopsy results, whether neoadjuvant therapy was given,
and surgical type and pathology results including tumor size. Prior
radiology studies including mammograms, ultrasounds, and MRIs were
reviewed, after data collection, for image interpretation. Dates of these
exams, whether breast cancers were seen, and sizes of the breast can-
cers that were seen were recorded.

2.6. Data analysis

Inter-reader agreement was assessed in terms of the size kappa
coefficient for the ordinal assessment of conspicuity and using the intra-
class correlation and concordance correlation for lesion size. Readers
were compared in terms of lesion conspicuity and size using a Wilcoxon
signed rank test. The comparisons were conducted using the sample as a
whole and stratified by tumor characteristics.

The comparison of scan types in terms of BPE was based on a Mann-
Whitney test without correction for age because according to a Mann-
Whitney test there was no significant difference between scan types in
terms of age.

The association of size from the half-dose study and size at surgical
pathology with each other and with size on mammogram, ultrasound,
and MRI was assessed using the Spearman rank correlation. Correlation
between conspicuity and tumor size and grade was assessed by the
Spearman rank correlation. The Fisher exact test was used to assess for
difference in conspicuity rating as a function or morphology and re-
ceptor type.

3. Results

3.1. Patient characteristics

41 patients (ages 28.4 years to 80.5 years, mean 52.5 years), all fe-
male, met inclusion criteria including a cancer that measured at least
2 cm on conventional imaging (n = 37), breast cancer that was multi-
focal or multi-centric on conventional imaging (n = 8), breast cancer
that was associated with a biopsy proven ipsilateral axillary nodal
metastasis (n = 22), or breast cancer that involved the skin (n = 2).
One patient (age 76.3 years) received a full dose of gadolinium and was
excluded from the study. The final patient population included 40 pa-
tients, (ages 28.4–80.5 years, mean 51.9 years). All included patients
had pathology records for the index lesion available. Patient char-
acteristics including menopausal status, risk factors, amount of FGT and
amount of BPE are listed in Table 1.

3.2. Cancer characteristics

There were 49 cancers in 40 breasts; 47 of these cancers were biopsy
proven (43 by core biopsy, four by fine needle aspiration biopsy with
real-time cytopathologist interpretation), and two responded in tandem
with the index lesion following neoadjuvant chemotherapy (Fig. 1).
Thirty-four patients had one cancer, four patients had two cancers each,
one patient had three cancers, and one patient had four cancers, all in
the ipsilateral breasts. Five cancers were 1 cm or less and 13 were 2 cm
or less. Thirteen cancers presented as nonmass enhancement and 1 as a
focus. Additional tumor characteristics are detailed in Table 2.

3.3. Lesion detection

All 49 cancers were seen by both readers, with an average

conspicuity score of 2.9 ± 0.3 for reader 1 and 2.9 ± 0.3 for reader 2
(p = 0.47). The kappa for conspicuity was 0.61, consistent with sub-
stantial inter-reader agreement. Reader 1 rated 44 cancers certainly
seen and 5 cancers adequately seen. Reader 2 rated 42 cancers certainly
seen and 7 cancers adequately seen. Neither reader 1 nor reader 2 rated
any cancers not seen or questionably seen.

None of the tumor characteristics assessed led to differences in
conspicuity and lesion size measurements were nearly equivalent be-
tween readers (mean 3.3 cm, range 0.4–9.2 cm) for each reader
(p = 0.43). The intra-class correlation was 1.0 and the concordance
correlation was 1.0, consistent with substantial inter-reader agreement.
(Table 3).

3.4. Differences between radial imaging and VIBE

Average BPE was not significantly higher in the group imaged with
VIBE as compared to the group imaged with the radial protocol
(1.71 ± 0.77 vs. 1.35 ± 0.49, p = 0.138).

3.5. Available mammography, ultrasound, full dose DCE-MRI, and surgical
pathology

Mammogram was available for 48 cancers and was performed be-
tween 0 days and 71 days (mean 25.0 days) prior to the study exam.
One patient refused mammography. Ultrasound was available for all 49
cancers and was performed between 0 days and 71 days (mean
24.8 days) prior to the study exam. Full dose DCE-MRI was available for
12 cancers and was performed between 2 days and 32 days from the
date of the study exam (mean 15.4 days). Surgical pathology was
available for 13 cancers, with operation dates between 3 days and
30 days (mean 17.9 days) after the study exam. Surgical pathology was
not available in 24 patients who underwent neoadjuvant chemotherapy
between imaging and surgical treatment, 7 patients who transferred
care, 3 patients who were not surgical candidates due to distant me-
tastatic disease, and 1 patient who refused treatment.

3.6. Modality performance

Of the 49 cancers, half-dose MRI, mammogram, ultrasound, and
full-dose MRI detected 100%, 68.8%, 98.0%, and 100%. No additional
cancers were seen on surgical pathological evaluation. Lesion size on
half-dose MRI (3.2 ± 2.0 cm) was similar on full-dose MRI
(3.2 ± 2.6 cm) (p = 0.73), and at surgical pathology (2.1 ± 0.8 cm

Table 1
Patient characteristics.

Patient characteristics Number (%)

Age in years 28.4–80.4, mean 51.9
Menopausal status Pre- 19 (47.5)

Post- 21 (52.5)
Risk None 22 (55.0)

BRCA 1 4 (10.0)
Personal history breast
cancer

2 (5.0)

Prior atypia 1 (2.5)
Family history breast
cancer

14 (35.0)

Family history ovarian
cancer

1 (2.5)

Fibroglandular tissue Almost entirely fat 5 (12.5)
Scattered 11 (27.5)
Heterogeneous 16 (40.0)
Extreme 8 (20.0)

Background parenchymal
enhancement

Minimal 23 (57.5)
Mild 14 (35.0)
Moderate 3 (7.5)
Marked 0 (0)
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vs. 1.9 ± 0.7 cm) (p = 0.56) for the subset of lesions imaged with full-
dose MRI or that had surgical pathology available, respectively. In
contrast, for lesions seen on mammogram or ultrasound, size on half-
dose MRI was significantly different from size on mammography
(3.4 ± 2.0 cm vs. 2.8 ± 1.8 cm) (p = 0.001) and size on ultrasound
(3.3 ± 2.0 vs. 2.6 ± 1.4 cm) (p < 0.001) (Fig. 2). Further, size on
half-dose MRI correlated with size on surgical pathology (r = 0.6,
p = 0.03) whereas size on mammogram and ultrasound did not. Cor-
relations for size on imaging with surgical pathology are presented in
Table 4.

For lesions with surgical pathology available, mammogram yielded
a smaller measurement than pathology in 8 cases (0.1 cm – 1.2 cm, 5%
-43%) and a larger measurement than pathology in 3 cases. (0.1 cm –
2.4 cm, 14% - 200%). In 2 cases, the cancer was not seen. Ultrasound
yielded a smaller measurement than pathology in 8 cases (0.1 cm –

1.5 cm, 5% - 46%), an equivalent measurement to pathology in 2 cases,
and a larger measurement than pathology in 3 cases (0.1 cm – 0.6 cm,
8% - 50%). Half-dose MRI yielded a smaller measurement than pa-
thology in 5 cases (0.1 cm – 0.4 cm, 5% - 14%), an equivalent mea-
surement to pathology in 3 cases, and a larger measurement than pa-
thology in 5 cases (0.1 cm – 0.6 cm, 4% - 50%).

4. Discussion

4.1. Half-dose MRI detects a range of cancers

This preliminary study is similar to early studies of DCE-MRI
[36,37], and recent early studies of abbreviated protocol breast MRI
[13,15] which also looked at the ability of MRI techniques to detect
known breast cancers and is important as it lays groundwork for testing
half-dose GBCA MRI in screening populations. Our detected cancers
ranged from 0.4 cm to 9.2 cm and included 13 areas of nonmass en-
hancement and a single focus, suggesting that although this study

Fig. 1. A 43 year old BRCA1+ woman with a family history
of breast cancer presented with a palpable mass in her left
breast. She had a negative mammogram and ultrasound six
months prior. She subsequently underwent core biopsy of the
largest mass of three masses seen on initial ultrasound, which
yielded high grade IDC. A second mass underwent find needle
aspiration biopsy and yielded adenocarcinoma. Pre-che-
motherapy half-dose DCE MRI demonstrates A. two hetero-
geneously enhancing masses (arrows) consistent with the
biopsy proven cancers and b) an additional 1.1 cm mass
(arrow) and c) and a 0.4 cm focus (arrow) that, on subsequent
full-dose DCE-MRI, e) decreased (arrow) f) or disappeared d)
in tandem with decrease in size in response to therapy of the
biopsy-proven cancers (arrows).

Table 2
Tumor characteristics.

Tumor characteristics Number (%)

Inclusion criteria Core biopsy 43 (87.8)
Fine needle aspiration biopsy 4 (8.2)
Response to therapy 2 (4.1)

Palpable Yes 36 (73.5)
No 16 (32.7)

Size on MRI 0.4 cm–9.2 cm, mean 3.3 cm, median 2.8 cm
Up to 1 cm 5 (10.2)
> 1 cm up to 2 cm 8 (16.3)
> 2 cm up to 5 cm 27 (55.1)
> 5 cm 9 (18.4)

Morphology Mass 35 (71.4)
Nonmass enhancement 13 (26.5)
Focus 1 (2.0)

Type DCIS 0 (0.0)
IDC 42 (85.7)
ILC 1 (2.0)
Adenocarcinoma NOSa 4 (8.2)
No information 2 (4.1)

Molecular grade Low 1 (2.0)
Intermediate 11 (22.4)
High 31 (63.3)
No information 6 (12.2)

Receptor status ER/PR+ 14 (28.6)
ER+; PR− or HER2+ 10 (20.4)
ER/PR− and HER2+ 8 (16.3)
ER/PR− and HER2− 9 (18.4)
No data 8 (16.3)

Axillary nodal metastasis Yes 27 (67.5)
No 13 (32.5)

a Results from fine needle aspiration biopsy.

Table 3
Lesion conspicuity and size per reader.

Conspicuity
Mean

Size in cm
Range, mean

Reader 1 Reader 2 Reader 1 Reader 2

All cancers (n = 49) 2.9 2.9 0.4–9.2, 3.3 0.4–9.2, 3.3

Size
Up to 1 cm (n = 5) 2.6 2.6 0.4–0.7, 0.6 0.4–0.8, 0.6
> 1 cm up to 2 cm (n = 8) 2.9 2.9 1.1–2.0, 1.7 1.2–2.2, 1.7
> 2 cm up to 5 cm (n = 27) 2.9 2.9 2.1–4.9, 3.1 1.8–5.0, 3.1
> 5 cm (n = 9) 3.0 2.8 5.1–9.2, 7.0 5.2–9.2, 7.0

Morphology
Mass (n = 35) 2.9 2.9 0.6–6.3, 2.7 0.6–6.4, 2.7
NMEa (n = 13) 2.9 2.8 0.7–9.2, 5.3 0.8–9.2, 5.3
Focus Not enough data

Molecular grade
Low Not enough data
Intermediate (n = 11) 2.9 2.9 1.2–6.3, 3.3 1.4–6.4, 3.3
High (n = 31) 2.9 2.9 0.7–9.2, 3.9 0.8–9.2, 3.9

Receptor status
ER/PR+ (n = 14) 3.0 3.0 0.7–9.2, 3.6 0.7–9.1, 3.5
ER+; PR− or HER2+

(n = 10)
2.8 2.8 1.8–8.1, 3.5 1.9–8.3, 3.5

ER/PR− and HER2+ (n = 8) 2.9 2.8 2.0–8.8, 4.1 2.0–9.2, 4.2
ER/PR− and HER2− (n = 9) 3.0 2.9 1.4–8.4, 4.1 1.4–8.0, 4.1

a Nonmass enhancement.
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included predominantly larger cancers, the sensitivity of a reduced dose
may not be limited by lesion size or morphology. Further, 2 readers
measured lesions nearly identically, suggesting that clear borders were
discernible with this reduced dose. It is possible that instead of pre-
ferring an exam generating the most conspicuity possible, radiologists
could focus on finding an exam that uses the fewest resources to provide
high detection.

4.2. Half-dose MRI appears to outperform mammogram and ultrasound

In the limited subset of patients with surgical pathologic correlation,
there was significant correlation between size on the half-dose MRI and
size at pathology, suggesting half-dose MRI accurately depicts tumor
margins. Importantly, significant correlations were not seen between
size on mammogram or ultrasound and size on pathology, suggesting
that, like full-dose MRI, half-dose MRI outperforms both mammogram
and ultrasound, even in this group of larger cancers. In Table 4, The full
dose MRI appears to have a higher, although not significant, correlation
with surgical pathology than the half-dose MRI. The authors believe
this data point to be due to an outlier- a single cancer presenting as
calcifications and nonmass enhancement which measured up to 3.6 cm
on half-dose MRI and mammogram, but only 1.2 cm on final pathology.
This cancer was not imaged with full dose MRI. Overall, these results
are promising and suggest that a reduction in gadolinium dose may be
possible without compromising cancer detection or evaluation of lesion
extent.

4.3. Comparison with other low-dose studies

Our results compare favorably with a study by He et al. in which a
low dose, 0.015 mmol/kg, of gadobentate demonstrated similar sensi-
tivity (50%) and conspicuity score as a near complete dose
(0.085 mmol/kg) for known prostate cancers [29]. Studies of the
myocardium [30] and pituitary gland [38] have also suggested a half

dose of gadolinium may be sufficient.

4.4. Limitations

There are several limitations to our study. The cancers in our study
were larger, more advanced, of overall higher grade, and more likely to
be triple negative or HER2 overexpressed than cancer in a screening
population [5,7]. Further, no isolated DCIS and only one invasive lob-
ular cancer was included.

Further, patients were referred to this study by their surgeon, who
may have been biased in patient selection. Our study was performed
with a relatively high relaxivity macrocylic GBCA and results may not
be applicable to all GBCAs. Our study was performed as part of a breast
PET/MRI on an integrated scanner, which is not usual for breast MRI.
Our study was performed at 3T, however this field strength should not
negatively affect applicability at 1.5T as gadolinium based contrast
agent relaxivities are greater at 1.5T than at 3T [39]. Our study utilized
a prototype radial scanning T1-weighted protocol for more than half of
the patients that, in spite of no significant detection in lesion con-
spicuity, may have altered detection. Our study was not able to directly
compare size on imaging with size on surgical pathology as most pa-
tients underwent neoadjuvant chemotherapy. Our study was also not
able to directly compare half dose DCE-MRI with full dose DCE-MRI as
most patients did not undergo full dose DCE-MRI.

5. Conclusion

This study demonstrates that breast cancers as small as 4 mm can be
well seen with half-dose gadobultrol DCE-MRI. Further study is war-
ranted to determine whether lower doses of GBCAs could be sufficient
for DCE-MRI exams in broader patient groups.
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Fig. 2. A 74 year old woman with a remote history of right
breast cancer presented with skin thickening and a palpable
area of concern in her left breast. Skin involvement was de-
monstrated by punch biopsy. a) Mammogram shows skin
thickening (arrow) best on the MLO view, without a dis-
cernable mass, b) ultrasound shows a 3.2 cm irregularly
shaped mass with indistinct margins, and c) half-dose MRI
demonstrates 8.2 cm of clumped and segmental nonmass en-
hancement (arrows) extending to and involving the nipple.

Table 4
Correlations between size at imaging and surgical pathology.

Measures correlated r p

Half-dose (n = 13) Surgical pathology 0.60 0.03
Mammogram (n = 11, 2 occult) Surgical pathology 0.25 0.46
Ultrasound (n = 13) Surgical pathology 0.25 0.42
MRI (n = 5) Surgical pathology 0.82 0.09
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