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Abstract
The aim of this study was to explore the clinical value of dual-energy spectral CT imaging in the differential diagnosis between bladder
cancer and benign prostate hyperplasia (BPH).
We retrospectively analyzed images of 118 patients who received pelvic dual-energy spectral CT imaging. These patients were

later confirmed to have bladder cancer in 61 patients and BPH in 57 patients. CT values of the 2 lesion types from 40 to 140keV were
measured from the monochromatic spectral CT image to generate spectral HU curves. The slope of the spectral curve and the lesion
effective atomic number were calculated. The measured parameters were analyzed with independent-sample Mann-Whitney U test.
There was a statistically significant difference in CT value between the 2 groups from 40 to 90keV, with the biggest difference at 40

keV (median and interquartile range: 83.3HU and 22.9HU vs 60.6HU and 16.7HU, Z=5.932, P<0.001). The slope of the spectral
HU curve for bladder cancer was markedly higher than that of BPH (median and interquartile range: 0.48 and 0.23 vs 0.26 and 0.22,
Z=5.162, P<0.001); the difference in effective atomic number (median and interquartile range: 7.99 and 0.21 vs 7.80 and 0.20, Z=
5.233, P<0.001) was also statistically significant.
Dual-energy spectral CT imaging provides high sensitivity and specificity for differentiating bladder cancer from benign prostate

hyperplasia.

Abbreviations: AUC = area under the curve, BPH = benign prostate hyperplasia, CT = computed tomography, Eff-Z number =
effective atomic number, GSI = gemstone spectral imaging, MRI = magnetic resonance imaging, ROC = receiver-operating
characteristic, ROI = region of interest.
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obstruction and thus demonstrate the symptoms similar to bladder
1. Introduction

Bladder cancer is the most frequently seen urinary tract tumor. A
total of 56,390 estimated new cases of bladder cancer were
expected among men in the United States in 2014, of which
11,170 died of bladder cancer.[1] And in China, the estimated
incidence and mortality rate were 62.1 and 18.4 per thousands in
2015.[2] Bladder cancer is seen in any part of bladder, partially in
the posterior wall, and mostly in men of 50 to 70 years of age.
However, in this age group, the most susceptible benign disease is
benign prostate hyperplasia (BPH).[3] Severe BPH, which is
defined as having lesion volume 3 times larger than that of normal
BPH, with intravesical protrusion can induce bladder outlet
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cancer.[4] And BPHwas an important factor in the pathogenesis of
bladder cancer. They often exist at the same time.[5]

Currently, there are many clinical diagnostic tools for bladder
cancer. Cystoscopy enables direct observation of foci and has high
accuracy, but it is an invasive technique and has many contra-
indications, thus observing cancer infiltration degree and metasta-
sis is impossible.[6] Color Doppler ultrasonography is convenient,
noninvasive, low-cost, and free of contraindications, but the
ultrasonic reliability of bladder cancer greatly depends on the
resolution of ultrasonic instrument and the manipulations, and
limited by the subjectivity and expertise of the examiner.[7] In
accordancewith the 1997 TNMsystem of the International Union
against Cancer, Stage T4a of bladder cancer invades prostate.[8]

MRI has high sensitivity for bladder cancer and shows the
relationship between prostate and posterior wall of bladder, but it
is only indicated if CT is contraindicated. And it has high costs,
takes a long time for examination, and demonstrates low patient
compliance; meanwhile, MRI is contraindicated in some patients
with metal implants and not sensitive to calcification foci.[9]

Traditional polychromatic CT enables the clear observation of the
site, range and infiltration degree of bladder cancer and also can
distinctly show adjacent organ invasion and lymph node
metastasis sign. However, BPH can cause protrusion of nodular,
mass-like tissue extending upward to about the base of
bladder.[10,11] So in the cases of severe BPH, CT is sometime
incapable of distinguishing bladder cancer from severe BPH with
bladder bottom upward displacement caused by compression and
even intravesical protrusion because of the similar CT number on
traditional polychromatic CT and the axial plane imaging used
routinely in body CT.[12]
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Recently, a novel dual-energy spectral CT scan mode was
introduced, which uses 2 x-ray spectrums produced simultaneous-
ly by the rapid switching of high- and low-tube voltages within a
rotation, to generate a set of virtual monochromatic images with
energies ranging from 40 to 140keV.[13] This spectral CT imaging
method is different from that of the dual source, dual-energy
imaging method where final images are the linear (usually)
combination of the 2 reconstructed images from 80 and 140
kVp.[14] In the spectral CT imaging, the projections obtained from
the 80 and 140kVp tube voltages are analyzed to generate 2
material decomposition image sets, and 101 virtual monochro-
matic images are thengenerated fromthe2material decomposition
images. For the dual-energy spectral CT imagingmode, the images
corresponding to the 80kVp data set are not reconstructed
separately and only the original images corresponding to 140kVp
exist for quality insurance. The application of dual-energy spectral
CT imaging in different organs has been studied,[15–22] but the
imaging comparison of bladder cancer and BPH has not been
reported. This study aimed to explore the application value of this
dual-energy spectral CT imagingmode in the differential diagnosis
between bladder cancer and BPH.
2. Materials and methods

2.1. General data

This retrospective study was approved by the Ethics Committee
in our hospital. During July 2011 and February 2013, 236 male
Figure 1. Monochromatic 70keV axial image of a 72-year-old patient with bladder
distinguish between the bladder cancer and prostate. Curve on the right (B) sho
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patients received pelvic dual-energy spectral CT imaging in our
hospital because of frequent micturition, urgent micturition,
odynuria, dysuria, or painless hematuria. Among the 236
patients, 118 had surgical or pathological confirmation and
were included in this study. From the 118 patients included in the
study, 61 patients with a mean age of 71±11 (29–90) years had
bladder cancer (45 cases on posterior wall, 3 cases on anterior
wall, and 13 cases on lateral wall), and 57 patients with a mean
age of 73±8 (58–90) years had BPH (37 cases with severe
intravesical protrusion).
2.2. Instruments and methods

All spectral CT scans were performed on a Discovery
CT750HD (GE Healthcare, Waukesha, WI). Patients were
asked to drink 500 to 1000mL of water 2h before scanning
so that their bladders were well-filled. Pelvic dual-energy
spectral CT imaging was performed in a dorsal position and
using the following scan parameters: rapid switching of 140
and 80kVp tube voltage in 0.5ms, tube current, 360mAs; slice
thickness, 5mm; slice interval, 5mm; and helical pitch, 1.375.
101 sets of virtual monochromatic images with photon energy
levels from 40 to 140keV were reconstructed at 5mm image
slice thickness. Image set corresponding to the 140kVp tube
voltage was also generated from the dual-energy spectral CT
imaging and used as a reference standard for the conventional
CT scan.
cancer on the posterior wall (A) and the next neighbouring layers (C, D). It did not
ws the CT number as function of photon energy for the bladder cancer.



Figure 2. Monochromatic 70keV axial image of a 83-year-old patient with benign prostate hyperplasia (A) and the next neighbouring layers (C, D). Curve on the
right (B) shows the CT number as function of photon energy.
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2.3. Image analysis and measurement

All images were transferred to an Advanced Workstation 4.5
(AW4.5) and evaluated by a senior abdominal radiologist (with
10 years of experience) using a gemstone spectral imaging (GSI)
viewer software. The regions of interest (ROIs) were selected at
the lesions of the bladder cancer (Fig. 1A and B) and BPH (Fig. 2A
and B) on the 70keV image first to measure their CT values. The
ROI measurements were then propagated automatically by GSI
Viewer to all energy levels to generate spectral HU curves for the
lesions (CT number as a function of photon energy from 40 to
140keV). The slope (k) of the spectral HU curve was calculated
with the following formula: k=y/x, where y is the difference
between mean CT value at 40 and 140keV, and x is the energy
level difference (x=100 in our study). The effective atomic
numbers (Eff-Z numbers) were also calculated for the lesions by
scanner software based on the HU spectral curve (CT number
change as function of photon energy) and the value with the
highest frequency on the effective atomic number plot was
selected to represent the Eff-Z number of lesions. The CT number
measurement was repeated on the 140kVp polychromatic images
obtained from the same dual-energy spectral CT imaging.

2.4. Statistical analysis

Quantitative measurements for bladder cancer and BPH were
analyzed using SPSS 19.0 statistical software package with P<
0.05 indicating statistical significance (SPSS Inc, Chicago, IL).
The CT value differences at energy levels from 40 to 140keV (at
10keV interval) and the polychromatic 140kVp level, and slope k
3

and Eff-Z number were compared between the bladder cancer
group and BPH group using independent sample Mann-Whitney
U test. Monochromatic images for achieving the highest
differences in CT number, slope k, and Eff-Z number between
the bladder cancer and BPH were analyzed by receiver-operating
characteristic (ROC) curves. The diagnostic capability was
determined by calculating the area under the curve (AUC).
Youden Index (Youden index= sensitivity+specificity�1) was
calculated, and the best sensitivity and specificity were achieved
by using the optimal diagnostic threshold.
3. Results

The comparison of CT value between bladder cancer and BPH at
different energy levels is shown in Table 1. There was a
statistically significant difference in CT value between bladder
cancer group and BPH group at energy levels from 40 to 90keV,
with the biggest difference at 40keV (median and interquartile
range: 83.3HU and 22.9HU vs 60.6HU and 16.7HU,Z=5.932,
P<0.001). Smaller differences in CT value were found at higher
energy levels. There was no statistically significant difference in
CT value at the energy levels from 100 to 140keV, as well as the
polychromatic 140kVp energy level. The slope of the spectral HU
curve for bladder cancer was significantly higher than that of
BPH (k) (median and interquartile range: 0.48 and 0.23 vs 0.26
and 0.22, Z=5.162, P<0.001, Fig. 3). There was also
statistically significant difference in Eff-Z number (median and
interquartile range: 7.99 and 0.21 vs 7.80 and 0.20, Z=5.233,
P<0.001) and the peak value of the Eff-Z number (8.02 and 0.28
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Table 1

The mean CT number measurement (HU) of bladder cancer and BPH as function of photon energy from 40 to 140keV as well as on
polychromatic 140kVp images (median, interquartile range).

Lesion Polychromatic energy (140kVp) 40keV 50keV 60keV 70keV 80keV

Bladder cancer 43.0, 9.8 83.3, 22.9 64, 15.1 51.9, 12.9 45.8, 10.3 42.3, 9.5
BPH 43.0, 8.5 60.6, 16.7 50.2, 11.7 43.8, 8.1 40.1, 7.6 38.2, 8.2
Z 0.501 5.932 5.787 5.084 4.077 2.795
P 0.616 <0.001 <0.001 <0.001 <0.001 0.005

Lesion 90keV 100keV 110keV 120keV 130keV 140keV

Bladder cancer 39.0, 9.6 36.5, 10.4 35.9, 10.5 34.5, 10.3 33.4, 10.2 32.4, 10.3
BPH 37.4, 9.2 36.2, 9.2 35.5, 9.0 35.0, 8.6 34.6, 8.3 34.2, 8.0
Z 2.046 1.3119 0.945 0.625 0.382 0.256
P 0.041 0.187 0.345 0.532 0.702 0.798

BPH=benign prostate hyperplasia.

Table 2

ROC results with CT number at 40keV, effective atomic number, and slope of spectral HU curve (k) for the differential diagnosis between
bladder cancer and benign prostate hyperplasia.

AUC Diagnostic threshold Maximum Youden index Sensitivity Specificity

CT number at 40keV 0.817 >73.4 0.595 77.0% 82.5%
Effective atomic number 0.779 >7.87 0.520 83.6% 68.4%
k 0.776 >0.39 0.525 77.0% 75.4%

AUC= area under the curve.
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vs 7.84 and 0.22, Z=4.559, P<0.001) between the 2 groups.
ROC curves of using the CT value at 40keV, Eff-Z number, and
slope of spectral HU curve (k) for differentiating bladder cancer
from BPH are shown in Figure 4, and their ROC results are
showed in Table 2.

4. Discussion

Bladder cancer and BPH are the 2 common lesion types of the
urinary system in men of 50 to 70 years of age. The main imaging
manifestation of bladder cancer is intravesically protruding
irregular neoplasm. BPH is characterized by enlarged prostate
with protrusion toward posterior wall of bladder neck, and its
imaging manifestation is the same as bladder cancer. It is very
important in the selection of clinical therapy and the prognosis
evaluation to identify whether bladder wall lesion is bladder
Figure 3. Direct comparison of the mean CT number as function of photon
energy for bladder cancer (n=61) and benign prostate hyperplasia (BPH) (n=
57). The slope of the curve for bladder cancer was significantly greater than that
of BPH.
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cancer, especially posterior wall bladder cancer, or BPH with
intravesical protrusion.
However, in the conventional CT imaging, a single CT value

measurement is obtained for any object point, and this single CT
value reflects the compound effect of averaging attenuation of
polychromatic x-ray spectrum. Both bladder cancer and BPH
have densities of soft tissue, and this average effect greatly reduces
the CT number difference between bladder cancer and BPH.
Thus, conventional CT imaging is often unable to separate
bladder cancer from BPH. In our study, CT values measured on
the 140kVp images showed no statistical difference between
bladder cancer and BPH, indicating very low probability to
Figure 4. Receiver-operating characteristics (ROC) curves with CT number at
40keV, Eff-Z number, and slope of spectral HU curve (k) for the diagnosis of
bladder cancer: the AUC were 0.817, 0.779, 0.776, respectively.
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separate the 2 lesion types using CT value measurement alone
with the conventional 140kVp imaging technique.
On the contrary, dual-energy spectral CT imaging is a brand-

new imaging technique. Previous study[23] has shown that the
signal-to-noise ratio (SNR) and contrast-to-noise ratio (CNR) of
tissues and organs in monochromatic images are both greater
than those in polychromatic images, and the monochromatic
image quality is also better. Compared with polychromatic CT,
dual-energy spectral CT imaging with multiple parameters
provides more analysis tools and quantitative indicators. A
substance consisting of different chemical molecules has different
x-ray absorption characteristics at different photon energies, and
CT attenuation curve of a substance (i.e., spectral HU curve) can
be obtained referring to the principle that x-ray beam attenuates
when passing through a substance. Different mean CT values of
lesions and human body tissues at different monochromatic keV
levels and the difference of spectral HU curve are used to
distinguish substances of different densities in human body.[24–26]

Bladder cancer cells are often arranged abnormally, manifested
by cell nucleus anaplasia, whereas BPH is mainly characterized by
an increased density of smooth muscle cells. The different
characteristics between bladder cancer and BPH were clearly
reflected by the higher atomic number and more rapid changes of
CT value as a function of photon energy (greater slope value of the
spectral HU curve) for the bladder cancer in our study. Our study
indicated that the slope of the spectralHU curve for bladder cancer
was significantly higher than that for BPH; bladder cancer GSI
curve was routing more sharply than BPH GSI curve. Suggesting
the attenuation of bladder cancer was higher than BPH. There was
also statistically significant difference in Eff-Z number between
bladder cancer and BPH. The CT value measurement at 40keV
revealed the biggest difference between bladder cancer and BPH
because the lower-energy photons accentuates the attenuation
difference of differentmaterials.[27] UsingCTvalue threshold value
of 73.4HU at 40keV, we obtained sensitivity and specificity of
77.0% and 82.5%, respectively (with AUC of 0.817) for
differentiating bladder cancer from BPH.
Our study did have several limitations. First, we did not

research the difference between different stages of bladder cancer
with BPH. Second, only one slope (k) value for the spectral HU
curve was calculated in our study. In reality, the slope of the curve
changes with photon energy, owing to the nonlinear nature of the
attenuation. The single slope value covering the whole energy
range used in this study can only reflect the average attenuation
effect. However, whether or not the use of multiple slopes can
improve the accuracy needs further study. Finally, not all the
bladder cancers in our study were on posterior wall, and we did
not analyze the difference between them in iodine contrast
imaging. We will collect more bladder cancer on posterior wall
and explore the potential of iodine contrast application in our
future study to make the result better.
In conclusion, spectral CT enables multiparameter imaging of

the urinary tract; CT value measurement on the monochromatic
images at 40keV provides high sensitivity and specificity for
differentiating posterior wall bladder cancer from BPH with
intravesical protrusion.
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