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Diagnostic Performance of Combined Single Photon Emission Computed
Tomographic Scintimammography and Ultrasonography Based on
Computer-Aided Diagnosis for Breast Cancer
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Purpose: We investigated whether the diagnostic performance of SPECT scintimammography (SMM) can be
improved by adding computer-aided diagnosis (CAD) of ultrasonography (US). Materials and methods: We
reviewed breast SPECT SMM images and corresponding US images from 40 patients with breast masses (21
malignant and 19 benign tumors). The quantitative data of SPECT SMM were obtained as the uptake ratio of
lesion to contralateral normal breast. The morphologic features of the breast lesions on US were extracted and
quantitated using the automated CAD software program. The diagnostic performance of SPECT SMM and CAD of
US alone was determined using receiver operating characteristic ROC) curve analysis. The best discriminating
parameter (D-value) combining SPECT SMM and the CAD of US was created. The sensitivity, specificity and
accuracy of combined two diagnostic modalities were compared to those of a single one. Results: Both SPECT
SMM and CAD of US showed a relatively good diagnostic performance (area under curve = 0.846 and 0.831,
respectively)l. Combining the results of SPECT SMM and CAD of US resulted in improved diagnostic performance
(area under curve =0.860), but there was no statistical differerence in sensitivity, specificity and accuracy between
the combined method and a single modality. Conclusion: It seems that combining the results of SPECT SMM and
CAD of breast US do not significantly improve the diagnostic performance for diagnosis of breast cancer,
compared with that of SPECT SMM alone. However, SPECT SMM and CAD of US may complement each other in
differential diagnosis of breast cancer. (Nucl Med Mol Imaging 2007:41(3):201-208)

Key Words: single photon emission computed tomography (SPECT), computer aided diagnosis (CAD), ultrasono-
graphy (US), scintimammography {SMM), breast cancer

Introduction

Breast cancer is the second in the prevalence rate of
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cancer among women in Korea" and it has recently
become the first in incidence rate. One out of nine women
gets breast cancer during her lifetime in the developed
countries.”

Standard breast diagnosis is based on mammography
and ultrasonography (US). Many lesions found turn out to
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Table 1. Age and Histologic Diagnosis of Study Populations

Malignant Benign Total
Number 21 19 40
Age (Years) 49.8+9.9 38.3+9.6 4434112
Histology IDC (20) Fibroadenoma (6)

ocist (1) Fiorocystic disease (5)

Phylloides tumor (1)
Granuloma (1)

F/U Confirm ©)

*IDC: invasive ductal carcinoma
'DCIS: ductal carcinoma in situ

be benign up to about 70~85%. US is known to provide
radiologists with an ability to better differentiate benign
lesions from malignant ones that may be suggestive of
cancer. However, mammography is characterized by a low
specificity and a low positive predictability.g) US can only
slightly increase the specificity and is operator-dependent.
Single Photon Emission Computed Tomographic (SPECT)
Scintimammography (SMM) using radio-pharmaceuticals
shows the overall high diagnostic accuracy, but it has a
limitation in spatial resolution for small lesions.” Recently,
in order to minimize the effect of the operator-dependent
nature inherent in US, many computerized approaches
have been performed to differentiate between benign and
malignant breast lesions.>®

We applied new US computer-aided diagnosis (CAD)
algorithm for breast mass fo provide the likelihood of
malignancy and investigated whether the diagnostic
performance of SPECT SMM can be improved by adding

this CAD analysis of US.

Materials and Methods

1. Patients

A total of 40 SPECT SMM images and corresponding
breast US images from 40 patients presented with breast
masses (21 malignant and 19 benign tumors) were
investigated (mean age of 44.3 vear, range 17-72 : Table
1). Diagnosis was confirmed by histopathology or clinical
follow-up of more than 12 months (Table 1).

2. SMM acquisition

SMM was obtained using #mTc-tetrofosmin as planar

and SPECT images. Five minutes after injection of

202

3
#
“

Fig. 1. Tc-99m tetrofosmin SPECT SMM shows a focal increased
uptake in breast cancer (arrow).

1,110MBq of 9m e -tetrofosmin, prone lateral, supine
anferior planar scans and supine SPECT were performed
(MULTISPECT?, Siemens, Erlangen, Germany). Planar
images were acquired with a 128 X128 ‘matrix size, an
acquisition time of 5 minutes per view and a zoom factor
of 145 SPECT images were acquired with a 128X128
matrix size, 90 projection frames and an acquisition time of
20 seconds per projection. Reconstruction was done using
Butterworth filter (cut-off: 038, order: 1). From the
SPECT images (Fig. 1), the uptake ratio of the lesion to
the contralateral normal breast tissue (L/N ratio) was
calculated using the same-sized rectangular ROI (region of
interest) on the transverse image and the uptake in the
mid chest wall was used for the reference of normal
breast uptake (Fig. 2).

3. Breast ultrasonography
US was performed for the breast lesion and contralateral
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Fig. 2. The uptake ratio of the lesion fo the confralateral normal
breast tissue (/N rafio was calculated using the some-sized
rectangular ROI on the transverse image of SPECT SMM. (ROIT:
breast lesion, ROI2: contralateral normal breast fissue and ROI3:
mid chest wall for reference)

breast using US instrument with 5-10 MHz linear probe
(ATL HDI-3000, Massachusetts, USA). The acquired
images were digitalized to DICOM images and stored on
PACS.

4. CAD method
We used commercially developed breast CAD software
SonoEye (CAD Impact, Inc) to determine the likelihood of

malignancy for US.

1) ROl (region of interest) selection on US
On US, the ROI was selected in minimum rectangular
shape to contact the boundary of breast mass (Fig. 3).

2) Decision support by similar-cases retrieval on breast US
In the preprocessing stage, median and homomorphic
filtering were used for noise reduction and order statistic
filtering was used for image enhancement.” After that,
Otsu thresholding was applied for the lesion segmentation.g)
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Fig. 3. ROl was selected as a minimal rectangle on breast US.

The algorithm used a breast ultrasound image retrieval
system for the decision support of classification of breast
lesions on US, Biopsy-proven direct-digital 1,034 data were
used to construct the main database (DB) engine and the
image database was constructed by 1,034 cases (Malignant
cases are 411. Benign cases are 623). All of the cases were
biopsy-proven. Two kinds of retrieval images of full size
image and ROI image were executed.

Computer-generated malignant likelihood was calculated
based on the retrieved images in the range from 0 to 1.0
(1.0: highly suggestive of malignancy, 0: lowly suggestive
of malignancy).

3) Analysis aigorithm

CAD algorithm used shape-emphasized features and
texture-emphasized features. Shaped-emphasized features
were characterized by a depth-to-width ratio and Hu
moment.” Texture-emphasized features related to echo-
pattern and margin were characterized by relative variance

ratios computed from various regions dividing RoOL”
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(Area under curve = 0.82)

Fig. 4. ROC analysis of CAD of US algorithm trained for 1,034
cases was done.

These sonographic features were merged through order
statistic filtering analysis to yield an estimate of the final
malignant score. The above algorithms were trained for
1,034 cases (Fig. 4) and proved to be robust to brightness
and contrast'”

5. Quantitative analysis and combination of the

results of SPECT SMM and CAD of US
The results of SPECT SMM were expressed as L/N

Table 2. Breast Mass Sizes and maging Results

ratio and those of CAD of US as percentage of malignancy
likelihood, Receiver operating characteristic (ROC) curve
analyses were performed to determine the optimal cut-off
values of L/N ratio (SPECT SMM) and malignancy
(CAD of US), based on the
confirmed diagnosis for the breast lesions (MedCalc version

likelihood percentage

6.0). The sensitivity, specificity and accuracy of SPECT
SMM and CAD of US were determined from these optimal
cut-off values from ROC curve analyses. The best
discriminating new parameter (D-value) combining the
SPECT SMM uptake value and the CAD results of US
was created using linear discriminant analysis (SPSS
version 100 for windows, SPSS inc.). The sensitivity,
specificity and accuracy of were also calculated for this
D-value and compared to those of SPECT SMM and CAD
of US Statistical
significance was established at a p-value of <0.05,

alone using McNemar's x’-test.

Results

Results according to the breast mass size are depicted on
Table 2. SPECT SMM seems to show a limitation for small
breast lesions less than 1 cm. SPECT SMM and CAD of US
demonstrated high diagnostic agreement (94%) In negative-
confirmed cases, however, in positive-confirmed cases, they

showed disagreement in 43% of cases (Table. 3).

Brest mass size No. of cases SPECT SMM CAD of US

<1cm 7 Sen* (1/2), SpeT (6/5) Sen (2/2), Spe (5/5)
1-2 cm 17 Sen (7/10), Spe (7/7) Sen (7/10), Spe (7/7)
2~3 cm 8 Sen (4/6), Spe (2/2) Sen (4/6), Spe (2/2)
>3 cm 6 Sen (3/3). Spe (1/3) sen (1/3), Spe (1/3)

size information was not available in 2 cases. Average size of overall, malignant and benign breast masses: 2.1 cm

*Sen: sensifivity
TSpe: specificity

Table 3. Diagnostic Agreement between SPECT SMM and CAD of US

CAD of US
Positive Negative
SPECT SMM Positive 107/ 21 5/1
Negative 4/0 2/ 16

*Number of Positive-confirmed cases / TNumber of Negative-confimed cases
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Fig. 5. ROC analysis of SPECT SMM showed a good diagnostic performance.
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Fig. 7. ROC analysis of combining SPECT SMM and CAD of US
revealed better diagnostic performance
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Fig. 6. ROC analysis of CAD of US also demonstrated a good
diagnostic performance.

Ninty percent of positive-confirmed cases were positive on
either of them. Both SPECT SMM and CAD of US
showed a relatively good diagnostic accuracy (area under
curve=0846 and 0831; Fig. 5 and Fig. 6). The best
discriminating formula combining the SPECT SMM value
and the results of CAD of US was obtained as follows:
D-value = 0559 L/N ratio (SMM) + 0706 Malignancy
Likelihood (CAD of US). Combining SPECT SMM and
CAD of US also resulted in a good diagnostic accuracy
(area under curve =0.860: Fig. 7). The distribution of
each parameters in breast lesions was displayed according
to the imaging methods (Fig. 8).

The optimal cut-off values of L/N ratio on SPECT
SMM, malignancy likelihood on CAD of US and D-value
were 2.02, 0.82 and 0.6843, respectively from ROC curve, In
sensitivily, specificity and accuracy determined from the
optimal cut-off values, there was no statistically significant
differerence between combined SPECT/US and US alone,
and no difference between SPECT/US and SPECT only
for diagnosis of breast cancer (Table. 4).
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Table 4. Overall Diagnostic Accuracy
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Fig 8. Distribution of parameters are displayed for A) L/N ratio
on SMM SPECT B) Malignancy likelihood on US C) D-value in
combination,

Diagnostic method Sensifivity (%)

Specificity (%)

Accuracy (%) Area under curve

(ROC curve)
SPECT SMM 71 89 80 0.846
CAD of Us 67 84 75 0.831
Combined SPECT+US 71 89 80 0.860
p-value N.S.* N.S. N.S.

*N.S.: not significant

Discussion

In the evaluation of breast lesions, detection and
diagnosis are the most important steps. Breast US is
routinely used as an adjunct to help to differentiate benign
from malignant lesions. However, the overall accuracy of
US in the diagnosis of breast cancer is not high enough.m

Recently, CAD has become one of the major research
subjects In medical imaging and diagnostic radiology.lz‘m

There have been many attempts to apply various CAD
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algorithms to differentiating between benign and malignant
breast nodules. Although the idea of CAD application is
promising, the results have been variable depending on the

study population and the used algorithms.M'15

' There are
possibilities of overlapped region of benign and malignant
characteristics in the lesion morphology and the US images
are partly operator-dependent.

Tc-99m tetrofosmin has been known to accumulate in
various tumors and used to differentiate malignant from

benign breast nodules with high speciﬁcity.m'm Therefore,
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we expected better diagnostic performance combining the
results of breast CAD of US (morphological analysis) and
SMM using Tc-99m tetrofosmin (functional analysis).
The results of SMM and CAD of US alone showed fair
diagnostic accuracy and the suggested methods using
special features extracted from fwo modalities improved
diagnostic performance in this study. However, statistical
results were not significant, and it is probably because most
false CAD negative breast cancers shows low to
intermediate Tc-99m tetrofosmin uptake on SMM and vice
versa. Therefore, combining SPECT SMM and CAD of US
using linear discriminant analysis could not improve
differential power in these lesions of intermediate gray
zone. Improvement of diagnostic performance by combining
SMM and mammography is variable in other reports.w'lg)
There are some limitations in this study. First, Tc-99m
tetrofosmin uptake depends on the tumor pathology:
however, further detailed pathologic correlation was not
performed. Second, because the study population was
relatively small, the comparison using area under the ROC
curve could not be done. Thus, further study including
more population is recommended. Third, only linear
discriminant analysis was used to combine the results of
SMM and those of CAD of US. A variety of update
analysis tools such as SVM (support vector machine).
ANN (artificial neural network), and Bayesian neural
network™ methods were not fully used in our study.

Texture-emphasized  features and  shape-emphasized
features are known to be helpful to classify benign and
malignant tumor on US and it is possible to obtain better
results using other methods for combining two results,
Finally, the two-dimensional US display is incomplete in
describing the nodule morphology. Thus, future study
should use the three-dimensional US images of breast
nodules including volume parameters, clinical features from
electronic medical records (EMR) and more advanced
nuclear medicine devices such as positron emission
tomography.

In conclusion, the diagnostic performance of SMM in
the differential diagnosis of the breast mass was not
significantly improved by adding CAD of breast US.
However, SMM and CAD of US may complement each

other in differential diagnosis of breast cancer. Further
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studies including a larger population with more advanced

imaging technology and analysis tools would be needed.
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