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Abstract
Purpose—The objective of this study was to determine the ability of breast imaging with 99mTc-
sestamibi and a direct conversion–molecular breast imaging (MBI) system to predict early
response to neoadjuvant chemotherapy (NAC).

Methods—Patients undergoing NAC for breast cancer were imaged with a direct conversion–
MBI system before (baseline), at 3 to 5 weeks after onset, and after completion of NAC. Tumor
size and tumor-to-background (T/B) uptake ratio measured from MBI images were compared with
extent of residual disease at surgery using the residual cancer burden.

Results—Nineteen patients completed imaging and proceeded to surgical resection after NAC.
Mean reduction in T/B ratio from baseline to 3 to 5 weeks for patients classified as RCB-0 (no
residual disease), RCB-1 and RCB-2 combined, and RCB-3 (extensive residual disease) was 56%
(SD, 0.20), 28% (SD, 0.20), and 4% (SD, 0.15), respectively. The reduction in the RCB-0 group
was significantly greater than in RCB-1/2 (P = 0.036) and RCB-3 (P = 0.001) groups. The area
under the receiver operator characteristic curve for determining the presence or absence of residual
disease was 0.88. Using a threshold of 50% reduction in T/B ratio at 3 to 5 weeks, MBI predicted
presence of residual disease at surgery with a diagnostic accuracy of 89.5% (95% confidence
interval [CI], 0.64%–0.99%), sensitivity of 92.3% (95% CI, 0.74%–0.99%), and specificity of
83.3% (95% CI, 0.44%–0.99%). The reduction in tumor size at 3 to 5 weeks was not statistically
different between RCB groups.

Conclusions—Changes in T/B ratio on MBI images performed at 3 to 5 weeks following
initiation of NAC were accurate at predicting the presence or absence of residual disease at NAC
completion.
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For patients with locally advanced breast cancer, neoadjuvant chemotherapy (NAC) is a
reasonable alternative to adjuvant chemotherapy and has been shown to increase the rates of
breast-conserving surgery1-3 and decrease the need for complete axillary lymph node
dissection.4-6 Use of NAC offers investigators the ability to rapidly evaluate new therapeutic
agents7 and can help accelerate approval of agents in a cost-effective manner.8,9

Early prediction of response to NAC offers a potential opportunity to change treatment
strategy in cases of inadequate response. Clinical examination, mammography, and
ultrasound provide only a modest correlation between tumor size and response to NAC.10

Further work is needed to establish the value of MRI for NAC response evaluation, because
of heterogeneity in study design of investigations performed thus far.11 Several studies using
FDG-PET have shown a correlation between the SUVmax after 1 or 2 courses of
chemotherapy and final pathological response.12,13 However, as with MRI, differences in
study design have made it difficult to clearly define its role in monitoring response to
NAC.14

An alternative functional imaging method for evaluation of response is the use of single-
photon imaging techniques using markers such as 99mTc-sestamibi. Early work by Mankoff
et al15 showed that breast tumor uptake of sestamibi using a conventional gamma camera
could accurately assess the response to NAC. A subsequent study by Tiling et al16

concluded that sestamibi may be as useful as FDG-PET for the monitoring of tumor
response to NAC. One important limitation in the use of conventional gamma cameras for
breast imaging is their inability to be easily positioned close to the breast, resulting in poor
spatial resolution and inability to detect small tumors and/or small changes in tumor
function. Over the last 15 years, several types of compact gamma camera system have been
developed that are more optimal for this task. The first generation of dedicated systems
utilized a pixelated array of sodium iodide, or cesium iodide crystals, in a small detector and
was known as breast-specific gamma imaging (BSGI) systems.17 In the last 5 years, a new
generation of dual detector compact gamma cameras has become commercially available.
These systems perform a direct conversion (DC) (nonscintillating) of gamma ray energy to
electronic signal using semiconductor detectors and yield improved spatial and energy
resolution compared with BSGI systems.18,19 An additional advantage is that these systems
require administered doses of 99mTc-sestamibi that are 2 to 3 times lower than those
required by the older BSGI systems.17,20

In this preliminary study, we investigated the application of a DC–molecular breast imaging
(MBI) system and 99mTc-sestamibi to evaluate tumor response to NAC. We determined
whether changes in tumor uptake of 99mTc-sestamibi on MBI performed at 3 to 5 weeks
after onset of NAC could predict final pathological tumor response in women with breast
cancer.

PATIENTS AND MATERIALS
Patient Eligibility and Enrollment

This was a prospective study of patients with newly diagnosed biopsy-proven breast cancer
in whom NAC was planned. Women who were pregnant or lactating were excluded. Written
informed consent was obtained from all participants as part of an institutional review board–
approved protocol.

Study Design
Each participant underwent 3 MBI studies: a baseline study before initiation of NAC, a
second study at 3 to 5 weeks after initiation of NAC, and a third study after completion of
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NAC but before surgical resection. The treating oncologist determined the chemotherapy
regimen for each patient, and the primary team managed all other aspects of patient care.

Direct Conversion Molecular Breast Imaging
All imaging studies were performed on 1 of 2 DC-MBI imaging systems: the LumaGem
3200s system (Gamma Medica, Northridge, Calif) or the Discovery NM 750b system
(General Electric Medical Systems, Haifa, Israel). Both systems have been described
previously in detail and comprise dual-head semiconductor-based detectors21,22 that allow
the breast to be imaged in orientations comparable to mammography. Both systems have
been previously shown to have comparable image quality21 and have been used
interchangeable in our laboratory over the last 5 years. To ensure more accurate quantitative
analysis, all imaging studies in a given patient were always performed on the same DC-MBI
system.

All image acquisitions commenced ~5 minutes after intravenous injection of 300 MBq (8
mCi) 99mTc-sestamibi. 99mTc-sestamibi has a propensity to adhere to the plastic walls of
some types of syringes, and up to 30% residual activity can remain in the syringe.23 In our
laboratory, average residual activity in the injection syringes is 20%. Hence, average
administered dose was estimated to be 240 MBq (6.5 mCi), giving an effective radiation
dose to the body of 1.9 mSv. Bilateral craniocaudal (CC) and mediolateral oblique (MLO)
views were obtained for 10 minutes per view. Molecular breast imaging studies were first
interpreted in the course of routine clinical practice by radiologists specializing in breast
imaging and according to a validated MBI lexicon.24

Assessment of Tumor Response Using MBI
Following completion of all imaging studies, the MBI images acquired at baseline, 3 to 5
weeks, and at completion of NAC were analyzed by a single breast radiologist (K.N.J.)
blinded to patient identity, results from any other imaging modality, and final pathology
results that indicated residual disease status. The location of the index tumor was identified
in each image. The radiologist measured index tumor size in both views (CC and MLO), and
its longest dimension on either view was considered tumor extent.

Quantitative assessment of 99mTc-sestamibi uptake was performed using region of interest
(ROI) analysis. The MBI image of the breast (CC or MLO), which best demonstrated the
greatest extent of the index tumor, was selected for analysis. A tumor ROI was defined to
include all pixels with intensities greater than 50% of maximum tumor intensity. An
adjacent area of normal breast tissue was selected to represent background activity. The
background ROI was placed in an area that was the same distance from the chest wall as the
tumor to minimize variance in uptake related to scattered counts from uptake in organs in
the chest (eg, heart, liver). If the breast exhibited diffuse tumor uptake suggestive of
multifocal or multicentric disease, then the background ROI was placed within normal
breast tissue of the contralateral breast.

The tumor-to-background (T/B) ratio was calculated from (mean counts per pixel in the
tumor ROI)/(mean counts per pixel in the background ROI). The percentage change in T/B
ratio from baseline to 3 to 5 weeks and baseline to post-NAC was calculated.

Assessment of Pathological Tumor Response
The reference standard for determining residual disease status was pathological examination
of resected surgical specimens, specifically evidence of residual invasive disease or
carcinoma in situ. Per routine clinical practice, pathology slides were reviewed and reported
with particular reference to bidimensional tumor bed area, overall cancer cellularity,
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percentage of in situ disease, number of positive lymph nodes, and diameter of largest tumor
mass.

If residual invasive disease was present, tumor extent was measured as the longest
dimension of contiguous tumor cells. If only microscopic foci of invasive disease were seen,
the longest dimension of the fibrotic bed or distribution of tumor cells was measured.
Pathological complete response (pCR) was defined as the absence of invasive disease in the
breast, with or without the presence of ductal carcinoma in situ (DCIS).

The MD Anderson Residual Cancer Burden Calculator,25 which incorporates pathological
tumor size, overall cancer cellularity, and lymph node status to estimate residual cancer
burden (RCB), was used to categorize cancer burden. This is a continuous scale that can be
further categorized into the following classes: RCB-0 (no residual disease in breast or in
lymph nodes), RCB-1 (minimal residual disease), RCB-2 (moderate residual disease), or
RCB-3 (extensive residual disease). Because of the small number of patients in this study,
we combined data from classes 1 and 2 to give 3 classes: no residual disease (RCB-0),
minimal/moderate residual disease (RCB-1/2), and extensive residual disease (RCB-3).

Assessment of Tumor Response Using Clinical Assessment and Other Imaging Modalities
Measurements of tumor size from physician-performed clinical examination at the time of
each MBI study were abstracted from medical records; the largest dimension was recorded
for each examination. Clinical response groupings were defined according to Response
Evaluation Criteria In Solid Tumors (RECIST).26 Radiological measurements of tumor size
on mammography and ultrasound were obtained from imaging reports, where available, as
the greatest extent of the index tumor measured in any dimension.

Statistical Analysis
The mean T/B ratio at each time point and the mean percentage reduction in T/B ratio from
baseline at 3 to 5 weeks and post-NAC were calculated and compared between each of the
partial/nonresponder groups (RCB-1/2 and RCB-3) with the complete-responder group
(RCB-0) using the Tukey-Kramer method and analysis of variance for data analysis. A
similar analysis was performed on results for tumor size. Ninety-five percent confidence
intervals (CIs) and 2-sided P values were reported, where P < 0.05 was considered to
indicate statistical significance.

To evaluate the ability of a change in T/B ratio from baseline to 3 to 5 weeks to discriminate
between RCB-1/2/3 and RCB-0 at completion of NAC, receiver operator characteristic
(ROC) analysis was performed using the sensitivity and specificity obtained as a function of
a threshold for percent reduction in T/B ratio. The area under the ROC curve (AUC) was
calculated as an overall measure of the predictive power for MBI. A similar analysis was
then performed for T/B ratio percent reduction from baseline to post-NAC. The optimal
threshold that gave the highest accuracy in discriminating between the RCB-1/2/3 and
RCB-0 groups was determined. The sensitivity and specificity at this threshold were
calculated for the 3-to 5-week MBI and post-NAC MBI.

Pathological tumor size at surgery was compared with post-NAC tumor size on MBI,
mammography, ultrasound, and clinical examination, and correlation coefficients were
calculated. Fisher r-to-z transformation was used to compare correlation coefficients.
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RESULTS
Patients

Twenty patients who planned to undergo NAC treatment for breast cancer were
prospectively enrolled. One patient voluntarily dropped out and was excluded from further
analysis. The remaining 19 patients completed all 3 MBI studies and NAC and underwent
surgical resection to negative margins. Patient characteristics are shown in Table 1.

Pathological Outcomes
At surgery, 8 (42%) of 19 patients had pCR. Of these 8 patients, 3 had residual DCIS with
pathological extent of 1.2 and 0.9 cm and microscopic disease.

Eleven (58%) of 19 patients had pathological evidence of residual invasive disease. Six
patients had invasive foci of more than 1 cm in extent, 3 patients had subcentimeter foci of
invasive disease, and 2 patients had microscopic foci of invasive disease distributed sparsely
over fibrotic tumor beds measuring 4.8 and 1.1 cm.

Six patients were classified as RCB-0, one of whom had subcentimeter DCIS at surgery.
The discrepancy in the number of patients with RCB-0 (6 patients) and pCR (8 patients) is
due to 2 patients with no residual disease in the breast (pCR) but positive lymph nodes (not
RCB-0).

Three patients were classified as RCB-1, comprising 1 patient with a single focus of 0.5-cm
invasive disease, 1 patient with microscopic DCIS and positive lymph node, and 1 patient
with microscopic invasive disease over an 11-cm fibrotic bed. Five patients were classified
as RCB-2, and 5 patients were classified as RCB-3.

Clinical Outcomes
Based on RECIST, 11 (58%) of 19 patients achieved complete clinical response, that is, no
palpable disease. This overestimates the true number of complete responders based on
pathological examination. In the remaining 8 patients, 3 demonstrated a partial clinical
response, 3 had stable disease, 1 had progressive disease, and 1 had missing clinical data
before surgical resection.

MBI T/B Ratio and Tumor Size Results
A summary of the absolute T/B ratio and change in T/B ratio at each time point is shown in
Table 2. A trend of higher T/B ratio at baseline in the RCB-0 group compared with other
groups was observed, but this association did not reach statistical significance. At 3 to 5
weeks, T/B ratio was lower in the RCB-0 group compared with the RCB-3 group (1.48 vs
2.36, P = 0.043). At post-NAC, T/B ratio of the RCB-0 group was lower than that of both
the RCB-1/2 and RCB-3 groups (1.01 vs 1.3 [P = 0.041] and 1.01 vs 3.75 [P = 0.002],
respectively).

Figure 1 shows the changes in T/B ratio over the 3 time points for each RCB group. The
decrease in T/B ratio from baseline to 3 to 5 weeks was significantly greater for the RCB-0
group compared with the RCB-1/2 group (56% vs 28%, P = 0.036) and RCB-3 group (56%
vs 4%, P = 0.0001). Likewise, the decrease in T/B ratio from baseline to post-NAC was
significantly greater in the RCB-0 group compared with both RCB-1/2 (70% vs 55%, P =
0.016) and RCB-3 (70% vs −7%, P = 0.005) groups.

At 3 to 5 weeks, a trend in greater reduction in tumor size on MBI was noted in the RCB-0
group compared with RCB-1/2 and RCB-1/2 compared with RCB-3, but this association did
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not reach statistical significance. After NAC, reductions in MBI-measured tumor size from
baseline were nearly significant for the RCB-0 group compared with RCB-1/2 (100% vs
85%, P = 0.055) and significant for the RCB-0 group compared with the RCB-3 group
(100% vs 20%, P = 0.001).

A difference in the pattern of change in tumor uptake was evident when the groups were
divided by RCB classes (Fig. 1). The RCB-0 group showed a large initial drop in T/B ratio
at 3 to 5 weeks, which contrasts sharply with the RCB-3 group, which showed minimal
change in T/B ratio with NAC. In 2 of 5 women in the RCB-3 group, there was an increase
in T/B ratio at 3 to 5 weeks. Figure 2 shows examples of MBI images at each of the time
points for patients classified as RCB-0 and RCB-3.

Figure 3 illustrates the changes of T/B ratio from baseline to 3 to 5 weeks according to RCB
groupings. The optimal threshold that gave the highest accuracy in discriminating between
the RCB-1/2/3 and RCB-0 groups at 3 to 5 weeks was greater than 50% reduction in T/B
ratio. Using this threshold to predict response, T/B ratio at 3 to 5 weeks demonstrated a
diagnostic accuracy of 89.5% (95% CI, 0.64%–0.99%) in determining those in group RCB-0
versus those in groups RCB-1/2/3. The corresponding sensitivity and specificity were 92.3%
(95% CI, 0.74%–0.99%) and 83.3% (95% CI, 0.44%–0.99%).

The 2 outliers in Figure 3 both demonstrated a marked change in the pattern of uptake
between the 3- to 5-week and the final MBI studies. The first outlier was a patient who had
estrogen receptor/progesterone receptor-positive, HER-2–negative infiltrating ductal
carcinoma with extensive axillary disease at the time of diagnosis and was receiving
sequential ACT (doxorubicin and cyclophosphamide followed by paclitaxel). There was an
early 66% reduction of T/B ratio from baseline to 3 to 5 weeks but a 24% increase in T/B
ratio from 3 to 5 weeks to completion of NAC. At surgery, she was found to have moderate
residual disease (RCB-2).

The second outlier was a patient with triple negative infiltrating ductal carcinoma with
axillary involvement who also received sequential ACT. At 3 to 5 weeks, T/B ratio
demonstrated a poor response to NAC (17% reduction in uptake), but subsequently
demonstrated a 59% reduction in T/B ratio between the last 2 MBI time points with no
detectable disease on final MBI and no pathological evidence of residual disease at surgery
(RCB-0). This may reflect a greater response to the second half of her chemotherapy, when
she was switched from doxorubicin and cyclophosphamide to paclitaxel.

The AUC of the ROCs for reduction in T/B ratio at 3 to 5 weeks was 0.88, whereas the
corresponding AUC for reduction in tumor size was 0.76 (Fig. 4). Post-NAC, the AUCs for
T/B ratio and tumor size were 0.92 and 0.85, respectively. The correlation coefficient
between MBI tumor size post-NAC and pathological tumor size was 0.95. All of the 8
patients with pCR had a corresponding post-NAC MBI study, which correctly demonstrated
no abnormal uptake.

MBI Comparison to Clinical Assessment and Other Tests
Seventeen of 19 patients had mammography and ultrasound performed post-NAC, and 18 of
19 patients had clinical examination performed post-NAC. In the 8 patients with pCR (no
residual in-breast disease), post-NAC MBI was negative in all 8; post-NAC mammography
was performed in 7 patients and negative in 6 of 7 patients; post-NAC ultrasound was
negative in 2 of 8 patients, and clinical examination was negative in 6 of 8 patients.

Post-NAC MBI demonstrated better correlation with pathological size compared with
correlations of post-NAC mammography (0.95 vs 0.79, P = 0.0375), ultrasound (0.95 vs
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0.54, P = 0.0008), and clinical examination (0.95 vs 0.75, P = 0.0168) with pathological
size.

DISCUSSION
This study demonstrates that dedicated breast imaging with 99mTc-sestamibi may have value
in monitoring the response of tumors to NAC. A reduction in T/B ratio of greater than 50%
demonstrated the ability to differentiate responders from nonresponders with an accuracy of
89.5% as early as 3 to 5 weeks after the initiation of NAC. These findings are similar to
those of Mankoff et al,15 who found a greater than 40% reduction in tumor uptake of 99mTc-
sestamibi after 8 weeks of NAC to be predictive of pathologic complete response. The use
of a higher threshold in this study is most likely due to the better energy resolution of ~5%
and consequently the lower scatter content of images acquired on the DC-MBI systems
compared with conventional gamma cameras (energy resolution ~10%) or BSGI systems
(energy resolution ~15%).18

The AUC for determining the presence or absence of residual disease using T/B ratio change
at 3 to 5 weeks was 0.88. This is comparable to the value of 0.82 reported by Duch et al12

using FDG-PET, using a greater than 40% reduction in SUV from baseline to midcycle
NAC. Results from the ACRIN 6657 trial using changes in tumor size on MRI achieved an
AUC of ~0.70.27 In this study, changes in tumor size between responders and nonresponders
were not significantly different at 3 to 5 weeks, but changes in T/B ratio were. These
findings suggest that when using functional imaging, changes in tumor function may be
more useful than changes in tumor size in the prediction of pathological residual disease.

An intriguing finding in this study is shown in Figure 1, where a number of patients
exhibited unexpected changes in the pattern of uptake between the 3-to 5-week and the post-
NAC images. In 4 cases, an initial reduction in uptake at 3 to 5 weeks was followed by a
subsequent increase in uptake and a single case where the opposite pattern occurred. Four of
these 5 patients had received sequential ACT. This was a 24-week regimen in which a
doxorubicin/cyclophosphamide combination was administered before and separately from a
taxane, which was introduced in the latter cycles. How breast cancer responds to NAC is
complex and multifactorial. Breast cancer is not a single entity and consists of different
molecular breast cancer subtypes (luminal A, luminal B, HER-2, triple negative, etc), all
differing in terms of their response to a given chemotherapeutic agent.28 It is likely that the
response of these different subtypes will vary over time and may explain the change in
response to change in the chemotherapeutic agents. Attempting to utilize a single time point
in the treatment cycle to predict response may not be the ideal, and repeating the MBI
shortly after switching to the second chemotherapeutic agent may be worth evaluating. A
cost-effectiveness model reported by Schegerin et al29 showed that even a small
improvement in cure rate with NAC would generally outweigh the cost of prognostic
imaging. Direct conversion–MBI is a relatively inexpensive imaging procedure
(approximately 1.5 times that of digital mammography). Hence, more frequent imaging with
DC-MBI during the course of NAC should both be cost-effective and enable better
management of the disease.

There is a need to standardize response to NAC seen on functional imaging. Response
classifications such as the RECIST, which are based on anatomic measurements of tumor
size, are not well suited to functional imaging techniques such as MBI or PET/CT. We are
not aware of any prior work on assessing changes in T/B ratio using dedicated gamma
imaging of the breast; however, Tiling et al16 showed an excellent correlation (R = 0.86)
between tumor-to-lung ratio assessed with sestamibi and SUVmax and concluded that both
FDG and sestamibi were equivalent for monitoring the response to NAC. With the reduced
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scatter content of images acquired using DC-MBI, we would anticipate that this technology
will enable more accurate and reproducible estimation of tumor uptake than previously
possible with BSGI or conventional gamma camera systems.

One benefit of MBI compared with PET/CT derives from the behavior of the 2
radiopharmaceuticals used. 99mTc-sestamibi has the advantage of rapid uptake in breast
tissue with minimal redistribution over the first hour after injection.20 By comparison, the
uptake of FDG in tumors is dependent on blood glucose levels and increases with time,
making it critical that FDG studies adhere to a consistent time interval between injection and
imaging for reproducibility.

Estimation of tumor size post-NAC from MBI appears to correlate better with pathological
tumor size than mammography, ultrasound, or clinical assessment. We have not compared
estimation of tumor size from MBI with that from MRI, but would anticipate that it would
be comparable in accuracy.

A limitation of MBI is its inability to depict axillary node involvement and potentially to
visualize tumors close to the chest wall. Larger studies evaluating MBI in monitoring
response to NAC are needed to confirm the findings reported here.

CONCLUSIONS
In our study, quantitative assessment of tumor uptake of 99mTc-sestamibi with a DC-MBI
system demonstrated the ability to differentiate between pathological responders and
nonresponders as early as 3 to 5 weeks after initiation of NAC. As a summary statistic for
determining the presence or absence of residual disease, the AUC using differing thresholds
of T/B ratio change at 3 to 5 weeks was 0.88. Taking a threshold of 50% reduction in T/B
ratio at 3 to 5 weeks, MBI had an accuracy of 89.5% for predicting the presence or absence
of residual disease at surgical resection. Early MBI at 3 to 5 weeks demonstrated statistically
significant differences in the mean changes of T/B ratio between RCB groupings. Tumor
size post-NAC from MBI correlated better with pathological tumor size than
mammography, ultrasound, or clinical assessment. Our results are promising, but larger
studies evaluating the use of 99mTc-sestamibi and dedicated gamma cameras are needed to
support these findings.
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FIGURE 1.
Tumor-to-background ratio obtained at baseline, 3 to 5 weeks into NAC, and post-NAC for
the 19 patients in (A) RCB-0, (B) RCB-1/2, and (C) RCB-3 groups.
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FIGURE 2.
Molecular breast imaging images acquired pre-NAC, at 3 to 5 weeks and after completion of
NAC. A, Left CC MBI images in a patient classified as a responder (RCB-0). B, left MLO
MBI images in a patient classified as a nonresponder (RCB-3). Note the relative increase in
uptake from the second to the third image.
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FIGURE 3.
Percent changes in the MBI T/B ratio from baseline to 3 to 5 weeks for the 19 patients
divided into RCB groupings. The 2 outliers in RCB-0 and RCB-1, RCB-2 are circled.
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FIGURE 4.
Receiver operator characteristic curves for distinguishing patients with RCB category
RCB-0 from RCB-1/2/3 groups using the T/B ratio from the (A) 3- to 5-week and (B) post-
NAC MBI studies. Comparable curves are shown using tumor size ratio from the (C) 3- to
5-week and (D) post-NAC MBI studies.
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TABLE 1

Characteristics of 19 Study Participants Who Underwent NAC for Breast Cancer

Characteristics Characteristic Subtype Value

Age Median (Range) 48 (36–73)

Mean (SD) 49.7 (9.9)

Race or ethnicity White 18 (95%)

Black or African American 1 (5%)

Hispanic or Latina 0

Asian 0

Other 0

Unknown 0

Menopausal status Premenopausal 8 (42%)

Perimenopausal 4 (21%)

Postmenopausal 7 (37%)

BI-RADS breast density
 category Entirely fat 0

Scattered fibroglandular
 densities 11 (58%)

Heterogeneously dense 7 (37%)

Extremely dense 1 (5%)

Receptor status Hormone receptor positive/
HER-2 negative 9 (47%)

HER-2 positive 4 (21%)

Triple negative (ER/PR/HER-2
negative) 6 (32%)

Tumor histology Invasive ductal carcinoma 17 (89%)

Invasive lobular carcinoma 0

Mixed invasive ductal/lobular
carcinoma 2 (11%)

Inflammatory breast
 cancer 2 (11%)

Multifocal/multicentric
disease 4 (21%)

Contralateral/bilateral
breast cancer 0

Tumor size, pretreatment
(clinical), mm Median (Range) 40 (0–80)

Mean (SD) 39.2 (21.3)

Tumor size, pretreatment
(MRI) Median (Range) 37 (22–98)

Mean (SD) 42.5 (19.3)

Lymph node status
at diagnosis Positive 10 (53%)

Negative 9 (47%)

Metastatic status
at diagnosis Distant metastasis 0

Neoadjuvant therapy Doxorubicin/cyclophosphamide/
Paclitaxel 7 (37%)
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Characteristics Characteristic Subtype Value

Carboplatin/paclitaxel 7 (37%)

Doxorubicin/cyclophosphamide 2 (11%)

Paclitaxel alone 2 (11%)

5-Fluorouracil/epirubicin/
cyclophosphamide 1 (5%)

Hormonal/biotherapy Trastuzumab 4 (21%)

Hormonal therapy 0

Surgical treatment Lumpectomy 5 (26%)

Unilateral mastectomy 2 (11%)

Bilateral mastectomy 12 (63%)

Clinical response Clinical complete response 11 (58%)

Partial response 3 (16%)

Stable disease 3 (16%)

Progressive disease 1 (5%)

Missing data 1 (5%)

Pathological response in
the breast Complete response 8 (42%)

Residual invasive disease 11 (58%)

RCB class RCB-0 6 (32%)

RCB-1 3 (16%)

RCB-2 5 (26%)

RCB-3 5 (26%)

BI-RADS indicates Breast Imaging-Reporting and Data System; HER-2, Human Epidermal Growth Factor Receptor 2; ER/PR, estrogen receptor/
progesterone receptor.
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TABLE 2

Mean T/B Ratios and Tumor Size Measured by MBI Compared With Pathological Tumor Response

Tumor/Background Uptake Ratio Category Subcategory RCB-0 RCB-1/2 RCB-3

Baseline MBI T/B ratio Mean T/B ratio (95% CI) 3.44 (2.95–3.93) 2.98 (2.02–3.94) 2.58 (1.70–3.46)

Comparison to RCB-0 (P) 0.705 0.131

3- to 5-wk MBI T/B ratio Mean T/B ratio (95% CI) 1.48 (1.02–1.94) 2.08 (1.38–2.78) 2.36 (2.07–2.65)

Comparison to RCB-0 (P) 0.093 0.043

Post-NAC MBI T/B ratio Mean T/B ratio (95% CI) 1.01 (0.91–1.11) 1.3 (1.01–1.59) 3.75 (3.13–4.37)

Comparison to RCB-0 (P) 0.041 0.002

Baseline vs 3- to 5-wk MBI T/B ratio Mean % decrease (95% CI) 0.56 (0.40–0.72) 0.28 (0.13–0.43) 0.04 (−0.08–0.16)

Comparison to RCB-0 (P) 0.036 0.001

Baseline vs post-NAC MBI T/B ratio Mean % decrease (95% CI) 0.7 (0.66–0.74) 0.55 (0.45–0.65) −0.07 (−0.48–0.34)

Comparison to RCB-0 (P) 0.016 0.005

Tumor Size Category Subcategory RCB-0 RCB-1/2 RCB-3

Baseline MBI size Mean size (95% CI), cm 3.82 (2.28–5.36) 5.15 (3.09–7.21) 4.64 (3.06–6.22)

Comparison to RCB-0 (P) 0.308 0.502

3- to 5-wk MBI size Mean size (95% CI), cm 2.05 (0.47–3.63) 3.4 (1.86–4.94) 3.82 (2.53–5.11)

Comparison to RCB-0 (P) 0.223 0.143

Post-NAC MBI size Mean size (95% CI), cm 0 (0) 0.74 (0–1.48) 3.78 (2.39–5.17)

Comparison to RCB-0 (P) 0.077 <0.001

Baseline vs 3- to 5-wk MBI size Mean % decrease (95% CI) 0.53 (0.23–0.83) 0.35 (0.25–0.45) 0.18 (0.11–0.25)

Comparison to RCB-0 (P) 0.223 0.69

Baseline vs post-NAC MBI size Mean % decrease (95% CI) 1 (1) 0.85 (0.71–0.99) 0.2 (0.09–0.31)

Comparison to RCB-0 (P) 0.055 <0.001
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