European Journal of Nuclear Medicine and Molecular Imaging (2019) 46:1672-1677
https://doi.org/10.1007/500259-019-04329-0

ORIGINAL ARTICLE m

Check for
updates

Ultrafast bone scintigraphy scan for detecting bone metastasis
using a CZT whole-body gamma camera

Tomohiko Yamane @ - Atsushi Kondo** - Masafumi Takahashi® - Yuuki Miyazaki® - Toshihiko Ehara* - Kenji Koga® -
Ichiei Kuji' - Ichiro Matsunari?

Received: 4 October 2018 /Accepted: 2 April 2019 /Published online: 1 May 2019
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract

Purpose To evaluate the feasibility of short whole-body bone scan acquisition times using a novel gamma camera with cadmium-
zinc-telluride (CZT) semiconductor detectors.

Methods We retrospectively enrolled 78 consecutive patients with prostate cancer who underwent bone scintigraphy using a
whole-body gamma camera with CZT detectors. After acquisition of list-mode data with 180 s per bed position, anterior and
posterior whole-body images were reconstructed using the first 5%, 10%, 25%, 50%, 75% and 100% of the list-mode data. Two
experienced nuclear medicine physicians interpreted the images, and interrater agreement and the diagnostic value of the images
were determined. Quantitative artificial neural network (ANN) values, bone scan indexes (BSI) and hotspot numbers (HsN) were
also calculated by automated diagnostic software.

Results Excellent interrater reliabilities of the visual assessments were obtained for the 100%, 75%, 50%, and 25% images (x =

0.88, 0.88, 0.88 and 0.88, respectively). The 5% images also showed high diagnostic value (sensitivity 0.94, specificity 0.84 and
accuracy 0.86). Intraclass correlation coefficients (ICC) between the 100% images and the reduced acquisition time images were
evaluated in quantitative analyses, and excellent correlations were observed for ANN value in the 75% images (ICC 0.77), for
BSI in all the reduced acquisition time images (75%, 50%, 25%, 10% and 5%; ICC 0.99, 0.99, 0.99, 0.96 and 0.75, respectively),
and for HsN in the 75%, 50%, 25% and 10% images (ICC 0.99, 0.99, 0.98 and 0.90, respectively).

Conclusion Whole-body gamma cameras with CZT detectors have the potential to reduce image acquisition times and the dose of
radioisotope injected for bone scans.

Keywords Bone scan - Cadmium-zinc-telluride (CZT) - Gamma camera - Bone metastasis of prostate cancer - Ultrafast scan

Introduction

>< Tomohiko Yamane

. . Recent advances including anticancer and radionuclide thera-
yamane t@saitama-med.ac.jp

py have provided many options for the treatment of bone
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bone activity, especially in patients with prostate cancer that
often leads to osteoblastic bone metastasis [2, 3].

In patients undergoing multiple bone scans, radiation ex-
posure should be minimized. In addition, shorter scan times
are preferable to allow facilities to deal with as many tasks as
possible with limited resources. Gamma cameras with semi-
conductor detectors, compared with conventional scintillation
detectors, have the potential to reduce acquisition times and
injection doses because of their high energy and spatial reso-
lution. Several studies have shown that SPECT with cadmium
zine telluride (CZT) semiconductor detectors, designed for
cardiac imaging, provides ultrafast data acquisition [7-10].
Recently, a new whole-body scanner with CZT semiconductor
detectors has become commercially available [11]. Although
this scanner also has the potential to reduce scan times and
injection doses, little has been reported on its clinical efficacy.

We hypothesized that the novel whole-body CZT gamma
camera may also be able to reduce the scan times or injection
doses of radiotracer. The aim of this study was to evaluate the
feasibility of whole-body bone scans with short acquisition times
using the gamma camera with CZT semiconductor detectors.

Materials and methods
Patients

The study was approved by the institutional review board and
the need for written informed consent for this retrospective
analysis was waived (registration number 18079.01). A total
of 78 consecutive male patients (age range 57 to 87 years,
median 73 years) who underwent bone scintigraphy for the
detection of bone metastasis from prostate cancer were en-
rolled from July 2017 to March 2018.

Bone scan

Approximately 3 h after intravenous injection of **™Tc-
methylene diphosphonate (*™Tc-MDP), bone scan images
were acquired using the novel whole-body SPECT/CT scan-
ner with CZT detectors (Discovery NM/CT 670 CZT; GE
Healthcare, Chicago, IL). The median activity of the injec-
tion was 759 MBq (range 652-893 MBq) and the median
time from injection to image acquisition was 180 min (range
120200 min). Patients were required to void just before
image acquisition. After acquisition of list-mode data with
180 s per bed position using a wide-energy high-resolution
collimator, anterior and posterior whole-body images were
reconstructed on the workstation (Xeleris 9.0; GE
Healthcare) using the first 5%, 10%, 25%, 50%, 75% and
100% of the list-mode data. The energy window for the
reconstructions was set at 140 keV +5.0%. No SPECT or
CT data were used in the present study.

Visual analysis

Images were visually dichotomized into positive or neg-
ative for metastasis as interpreted independently by two
experienced nuclear medicine physicians (T.Y. with
20 years of experience, and I.LM. with 32 years of ex-
perience). Cases in which the interpretations of the two
reviewers were different were discussed with another
experienced nuclear medicine physician (I.K. with
29 years of experience), and the final decisions were
made in consensus of the three physicians.

Quantitative analysis

For evaluating the images, artificial neural network (ANN)
values, bone scan indexes (BSI) and hotspot numbers (HsN)
were calculated using automated analysis software
(BONENAVI, version 2.1.7; FUJIFILM Toyama Chemical)
that uses the same algorithm, except for the database, as the
software EXINIbone®' (EXINI Diagnosis, Lund, Sweden)
[12]. The ANN value, an indicator of malignancy, is a value
between 0 and 1, with an ANN value of 1 indicating a high
probability of malignancy [13]. BSI is the bone metastasis
mass expressed as a percentage of the total tumour mass
[14]. A BSI of 0% indicates no malignant lesions. HsN is
the number of lesions considered to have a high probability
of metastasis by the software. The automated software ini-
tially performed the segmentation of the skeletons, and the
segmentation images are shown. The images were then eval-
uated visually to ensure that the segmentation had been cor-
rectly performed.

Statistics

For the visual analysis, interrater agreement between the
two interpreters was evaluated by Cohen’s kappa coef-
ficient (k). Based on the consensus read, sensitivities,
specificities and accuracies were calculated for the short
acquisition time images by setting the 100% images as
the reference. For the quantitative analysis, the correla-
tions for the ANN values, BSI and HsN between the
100% image and each of the time-reduced images were
statistically evaluated using the intraclass correlation co-
efficient (ICC). For interpretation of x and the ICC, the
following categories were used: <0.40, poor; 0.40 to
0.59, fair; 0.60 to 0.74, good; and 0.75 to 1.00, excel-
lent. Bland-Altman plots were also used to evaluate the
differences. Data were analysed using IBM SPSS
Statistics, version 25 (IBM, Armonk, NY, USA).
Values expressed with plus/minus indicate the means =+
standard deviation.
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Results

The average count of the anterior and posterior reconstructed
whole-body 100% images was 2.10+0.46 x 10°.
Representative cases are shown in Fig. 1.

Qualitative analysis
The results of the qualitative visual assessment are sum-

marized in Table 1. Excellent agreement between the in-
terpretations of the two experienced nuclear medicine
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1.00 for the 75% and 50% images, indicating that the
interpretations of these short-acquisition time images were
the same as those of the 100% images. Sensitivities were
0.94 for the 25%, 10% and 5% images. Specificities de-
creased gradually from 0.98 for the 25% images to 0.84
for the 5% images. Accuracy also decreased from 0.97 for
the 25% images to 0.86 for the 5% images.
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Fig. 1 Representative cases: a anterior images in a patient with
nondiffuse multiple bone metastases; b posterior images in a patient
without any bone metastasis; ¢ anterior images in a patient with diffuse
bone metastases (fop rows original images, bottom rows calculated
images constructed by the automated software). Major bones are
outlined in black for quality check. Uptake considered benign is
indicated in blue, uptake considered malignant is indicated in red. The

@ Springer

ANN value, BSI and HsN for each reconstructed image are also shown.
Asterisks indicate the images for which skeletal segmentation was not
successful (a, ¢ 10% images; all 5% images). Although the shorter
acquisition images are rougher, the diagnostic quality of the 25%
images appears to have been retained as well as the quantitative values.
ANN artificial neural network, BSI bone scan index, HsN hotspot number
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Table 1 Qualitative visual assessment of short-acquisition images
100% images 75% images 50% images 25% images 10% images 5% images

Rate of agreement (%)* 96.2 96.2 96.2 96.2 87.2 77.0

Kappa® 0.88 (0.76-1.00)  0.88 (076-1.00) 0.88 (0.76-1.00)  0.88 (0.76-1.00)  0.66 (0.47-0.84)  0.48 (0.30-0.66)
Sensitivity” - 1.00 (1.00-1.00)  1.00 (1.00-1.00)  0.94 (0.90-0.99)  0.94 (0.90-0.99)  0.94 (0.90-0.99)
Specificity” - 1.00 (1.00-1.00) ~ 1.00 (1.00-1.00)  0.98 (0.96-1.00)  0.95 (0.90-0.99)  0.84 (0.76-0.91)
Accuracy® - 1.00 (1.00-1.00) ~ 1.00 (1.00-1.00)  0.97 (0.94-1.00)  0.95 (0.91-0.99)  0.86 (0.79-0.93)

Values in parentheses are 95% confidence intervals

?Rate of agreement and kappa index are based on the interpretations of two independent readers

® Sensitivity, specificity and accuracy are based on a consensus read.

Quantitative analysis

For the 100% images, the average ANN value, BSI and
HsN were 0.33+0.37, 1.01+2.35 and 10.2+25.9.
Although all the quantitative values could be calculated
for all the reconstructed images in all cases, segmenta-
tion mismatches or deficits of parts of the image in the
image reports of the automated software were observed
in 17 out of 78 cases for the 10% images (21.8%) and
in all the cases for the 5% images (100%).

The Bland-Altman plots of the ANN value, BSI and
HsN are shown in Fig. 2. For the ANN value, excellent
correlations were observed between the 100% images
and the 75% images, and good correlations were ob-
served between the 100% images and the 50%, 25%
and 10% images. For BSI, all the ICCs, including those
between the 100% images and the 5% images, showed
excellent correlations. For the HsN, excellent correla-
tions were observed between the 100% images and the
75%, 50%, 25% and 10% images.
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Fig.2 Bland-Altman plots of ANN values (a), BSI (b) and HsN (¢). ICCs
are shown together with 95% confidence intervals in parentheses. The
averages and the differences between the 100% images and the short-
acquisition time images are shown. The red horizontal dotted lines indi-
cate the upper and lower 95% limits of agreement. Some systematic linear
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relationships in the clusters of points in the bottom left of the plots indi-
cate cases in which the whole value of the 100% images is zero and
another value in a reduced acquisition time image is relatively high.
ANN attificial neural network, BS/ bone scan index, HsN: hotspot num-
ber, ICC intraclass correlation coefficient
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Discussion

This study evaluated the feasibility of whole-body bone scans
with short acquisition times using a novel gamma camera with
CZT semiconductor detectors. In the visual evaluation, excel-
lent interrater agreements were observed for the 25% images
and even the 5% images showed high diagnostic value. In the
quantitative analysis, BSI showed excellent correlations be-
tween the original 100% images and the short acquisition time
images, including the 5% images. Therefore, whole-body
bone scanning with a CZT camera has the potential to reduce
scan times and the dose of radioisotope injected for bone scin-
tigraphy. In the automated software analysis, segmentation
mismatches or deficits in parts of the images were observed
in 21.8% of the 10% images and in 100% of the 5% images.
These images must be considered to lack credibility even
though their quantitative values could be calculated.
Therefore, a scan time of approximately 25% can be consid-
ered as the minimum. This percentage indicates a radioactivity
dose of 190 MBgq, or an acquisition time per bed position of
45 s (i.e. 3.75 min for the five bed positions to the cover whole
body).

We focused on patients with prostate cancer in this study.
Bone metastasis of prostate cancer is unique because the
resulting tumours tend to be osteoblastic rather than osteolytic
[15], and the uptake observed on bone scintigraphy tends to
increase significantly [16]. The characteristics of bone scans
and their quantitative values are known to be different among
different types of primary malignancies [17]. Therefore, fur-
ther research is needed before this method can be used in the
other conditions.

Although ultrashort acquisitions provided images of high
diagnostic value by visual assessment, ultrashort acquisitions
may not be appropriate for initial diagnosis. While the ANN
value is an indicator of malignancy [13], the concordance for
the ANN value is generally lower than that for the BSI. Using
an ANN of 0.5 or more to define malignancy has been shown
to provide a sensitivity of 82% and a specificity of 83% in the
detection of bone metastasis [18]. Variation in the ANN value
can reduce its high diagnostic value. The ANN values for the
100% and 75% images showed excellent agreement (ICC
0.77). However, lower agreements were observed for the
shorter acquisition time images. Therefore, the injected dose
or acquisition time should be at least 75% of the original
values for initial diagnosis. On the other hand, the concor-
dance for the BSI was excellent even in the 5% images. This
indicates that the BSI from ultrashort acquisition time images
could potentially be used to monitor treatment responses. The
BSI indicates the fraction of the bone that is involved by the
tumour [19] and is considered a good biomarker of bone me-
tastasis from prostate cancer [14, 19, 20]. Therefore, repeated
short acquisition time or low-dose bone scans could be used
for follow-up in this condition.
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Conclusion

We evaluated the feasibility of whole-body bone scans with
short acquisition times using the novel gamma camera with
CZT semiconductor detectors. Visual assessment of the ultra-
fast scan images was highly diagnostic, and the quantitative
values showed excellent correlations between the original
100% images and the ultrafast scan images. Whole-body
CZT gamma cameras have the potential to reduce image ac-
quisition times and the dose of radioisotope injected for eval-
uating the BSI of bone scans in patients with bone metastasis
of prostate cancer.
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