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Abstract: Objective: to investigate the correlation between the parameters of prostate cancer (PCa) at contrast-
enhanced ultrasound (CEUS) with PCa risk. Methods: 84 patients (68 * 8 years; range, 33-79 years) who had un-
dergone CEUS were included. All the images were offline analyzed. Parameters (maximum intensity (IMAX), rise time
(RT), time to peak (TTP) and mean transit time (mTT)) were recorded and compared with PSA level, Gleason score,
clinical stages and PCa risk. Results: Age was correlated significantly with PCa risk. RT and mTT of outer gland were
associated with PCa risk. No significant correlation was found between PSA and CEUS enhancement parameters.
Furthermore, with the exception of IMAX of inner gland and IMAX of outer gland, there were no significant differenc-
es of enhancement parameters in Gleason score groups and clinical stages groups. Conclusion: The enhancement
parameters of PCa at CEUS may be used to predict PCa risk. And it is helpful for the choice of therapeutic options.
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Introduction

A growing number of early-stage PCa are de-
tected by widespread serum prostate-specific
antigen levels (PSA) screening [1, 2]. The major-
ity of patients with PCa always undergo radical
prostatectomy in clinical current trends [3, 4].
However, besides of radical prostatectomy, the
therapeutic options of PCa include active sur-
veillance, low-dose-rate brachytherapy adju-
vant and external-beam radiation therapy [3-6].
The choice of therapeutic options is advisable
to make according to stage-specific of PCa [7].

As we know, the PCa is divided into three cate-
gories which fit the following standard defini-
tions: low-risk PCa (clinical stages of T1c-T2a,
biopsy Gleason grade < 7 or PSA < 10 ng/mL),
intermediate-risk PCa (clinical stages of T2b-
2c¢, biopsy Gleason score 7 or PSA 10.1-20 ng/
ml) and high-risk PCa (clinical stages of > T3a,
biopsy Gleason score > 7 or PSA > 20 ng/ml)
[7-9]. A detailed and accurate assessment of

the PCa risk offers a decision basis for choos-
ing an optimum therapeutic plan.

Folkman [10] first came up with the theory that
tumor associated angiogenesis plays a pivotal
role in the growth and metastasis of tumors.
CEUS as a new imaging technique can reflect
the tissue microvascular perfusion dynamically.
To our knowledge, the correlation of parameters
of PCa at CEUS with PCa risk has not been
reported. Whether CEUS can noninvasively id-
entify PCa risk remains unknown. The purpose
of our study was to investigate the correlation
between the parameters of CEUS with PCa risk.

Patients and methods
Patients

This retrospective study was approved by the
Ethical Committee of our institution, and writ-
ten informed consent was obtained from each
patient.
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Figure 1. The offline analysis of CEUS video clips. The light blue circle represents the delimitation region of the inter-
est (ROI) that including the entire section; Three analysis ROIs (one green and two circles) which with 9 mm? in area
were placed in the area of the most rapid and strongest enhancement selectively for each inner gland (right) and
the same for outer gland (left).

= - 120
70 =100 *
E
—_ o
" 80
5 60 E .
S S
;. > 60
- )
2‘1 50+ ®
w 40
o
o —
40 o 20
30 01
T T T T T T
low-risk intermediate-risk  high-risk low-risk intermediate-risk  high-risk
Risk Risk

Figure 2. Box and whisker plots of age and prostate volume in different PCa risk group. Centre line = median, top
of box = the first quartile, bottom of box = the third quartile, whiskers = data within 1.5 interquartile ranges, ¢ and
% = outliers.

The inclusion criterion were as follows: (1) From patients were excluded because the section
August 2012 to April 2014, The assessments was changed during the CEUS examination.
of enhancement in the maximum transverse Therefore, 84 patients (68 + 8 years; range,
section of prostate tissue were obtained by 33-79 years) were included in our study. The
CEUS in our institution ; (2) MRI was performed median PSA was 10.6 ng/ml (range, 4-100 ng/
before prostate biopsy, and clinical stages of ml).

prostate cancer was classified; (3) Biopsy sam-
ples underwent histopathological examination
with definitive diagnosis. According to the inclu- All patients keep left-lateral lie with bend
sion criterion, 88 patients were selected. Four knees. Conventional ultrasound imaging was

US examination
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Table 1. Comparison of quantitative parameters in different PCa risk groups

Low-risk Intermediate-risk High-risk P value
No. of patients 14 20 50
Inner gland IMAX (%) 234.1+45.9 241.7+41.8 2443 +83.3 0.893
RT (s) 125+4.7 125+4.8 119+4.4 0.897
TTP (s) 189+9.4 17.0 £ 9.7 16.3 + 8.6 0.637
mTT (s) 37.2+12.7 36.2+14.6 35,5+ 18.7 0.944
Outer gland IMAX (%) 132.3 + 66.0 110.7 £ 40.7 125.2+454 0.390
RT (s) 15.5 + 3.7 119+ 3.0 12.8+ 3.9 0.020
TTP (s) 21.0+75 16.6 £ 6.0 16.7 £ 6.1 0.074
mTT (s) 36.3+7.1 30.7+73 30.3+76 0.030

performed with LOGIQ E9 machine (GE Hea-
Ithcare, Milwaukee, WI, USA) with a 5-9MHz
transrectal endocavity probe (IC5-9-D). Gray-
scale, color and power Doppler ultrasound were
performed to measure the size. The maximum
transverse section of prostate tissue was se-
lected for CEUS examination. CEUS was per-
formed with the same machine. The parame-
ters were adjusted so that mechanical index
was 0.08-0.1. Keep probe still and maintain
parameter unchanged during the examination.

The contrast agent used in the study was
SonoVue (Bracco, Milan, Italy). Being dissolved
with 5-mL injection of 0.9% sodium chloride
and 2.4 mL of the contrast agent was adminis-
trated via elbow vein in a bolus fashion. Co-
ntinuous imaging was performed immediately
after injection of the contrast agent and lasted
for 6 minutes. CEUS images and video clips
were stored on the hard disk as digital imaging
and communications in medicine (DICOM) for-
mat for further offline analysis.

Offline analysis

The CEUS dynamic DICOM data were imported
into SonolLiver software (TomTec Company,
Germany). All the images were analyzed by an
experienced operator who had the experiences
in offline analysis with SonoLiver software at
least 1 month. The CEUS video clips were
dynamically observed. Firstly, the delimitation
region of the interest (ROI) that including the
entire section was depicted, and next a ROI
with 9 mm? in area was placed in the area of
the most rapid and strongest enhancement
with the Quality of Fit (QOF) > 75%. Three ROIs
were placed selectively for each inner gland
and the same for outer gland. Quantitative
parameters as follows: maximum intensity
(IMAX), rise time (RT), time to peak (TTP) and
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mean transit time (mTT) (Figure 1). The mean
value of each parameter was recorded as the
final value.

Statistical analysis

Descriptive statistics were used in patient char-
acteristics, including age, PSA, and Prostate
volume. Levene analysis was performed to
assess variance homogeneity and normal dis-
tribution was assessed by Kolmogorov-Smirnov
analysis. The measurement data were expre-
ssed as mean = SD. The differences in quanti-
tative parameters in different groups (three cat-
egories of PCa risk) were evaluated by a one-
way analysis of variance (ANOVA) test and least
significant difference (LSD) test. All statistical
analyses were performed using SPSS17.0 soft-
ware (SPSS, Chicago, IL, USA). A P value < 0.05
was considered statistically significant.

Results

Comparison of age and prostate volume in dif-
ferent PCa risk groups

Age was correlated significantly with PCa risk (P
=0.008) (Figure 2). Age of low-risk PCa differed
significantly with intermediate-risk and high-
risk PCa (67 + 7 years vs. 71 + 8 years, P =
0.009 and 67 + 7 years vs. 68 + 10 years, P =
0.003). However, there were no significant dif-
ferences between intermediate-risk and high-
risk PCa group (P = 0.988). Furthermore, pros-
tate volume did not correlate significantly with
PCa risk (all P > 0.05) (Figure 2).

Comparison of quantitative parameters in dif-
ferent PCa risk groups

There was significant differences in RTand mTT
of outer gland in different PCa risk groups (P =
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Table 2. Relationship of CEUS enhancement parameters with PSA, Gleason score and clinical stages

No. of Inner gland Outer gland

patients IMAX (%) RT (s) TTP (s) mTT (s) IMAX (%) RT (s) TTP (s) mTT (s)
PSA <10 26 256.4 +51.4 12.3+5.0 183+10.2 37.0+11.6 120.7 + 56.6 14.0+4.5 188+76 33.0+x71
10-20 16 218.1 +45.2 11.9+4.0 149+ 75 36.6 +14.2 118.1 +41.0 119+24 155+48 31.8+7.8
>20 42 242.1 +£84.2 122 +4.5 16.8 + 8.9 35.0+20.3 126.2+46.1 13.0+3.7 17.3+6.2 31.4+77

P 0.224 0.950 0.482 0.883 0.821 0.217 0.287 0.323
Gleason score <7 27 224 + 39.9 12.3+4.4 17.6 £ 8.7 349+ 11.7 122.6 +55.9 142+34 189+6.7 34.1+89
7 29 269.3 +93.3 11.9+4.3 16.2+9.4 40.0+224.1 1221 +52.2 12.3+3.7 16.8+6.0 299+5.8
>7 28 230.6 £ 55.5 12.4+49 16.9+9.0 322.7+10.1 1241 + 36.5 12.7+4.0 16.6+6.7 30377

P 0.029 0.918 0.855 0.246 0.988 0.156 0.361 0.080
T1c-T2a 37 233.1+46.1 12.5+4.6 182 +9.4 39.3+223 123.6 + 55.2 14.1+3.3 19.1+6.5 33.2+78
Clinical stages T2b-2c 25 260.1 +103.3 11.3%5.0 15.1+9.1 32.7+12.6 103.6 £+ 44.1 121+4.0 164+6.2 30.0+8.6
>T3a 22 236.3+52.6 12.6 £+ 3.9 16.9+8.1 340+6.1 143.7 £ 29.6 124+41 158+6.4 29.8+5.7

P 0.298 0506 0.422 0.265 0.016 0.077 0.107 0.145
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0.020 and P = 0.030) (Table 1). Pairwise com-
parison analyzed with the LSD showed that the
RT was significantly longer to low-risk PCa com-
pared with intermediate-risk PCa group and
high-risk PCa group. (P = 0.007 and P = 0.019,
respectively). But PCa risk did not correlate sig-
nificantly with IMAX, TTP of outer gland and the
quantitative parameters of inner gland (all P >
0.05).

CEUS enhancement parameters analysis and
its correlation with PSA, Gleason score and
clinical stages

Descriptive statistics of IMAX, RT, TTP, and mTT
of inner and outer prostate gland are summa-
rized in Table 2. IMAX of inner gland was corre-
lated significantly with Gleason score (P =
0.029). Pairwise comparison analyzed with the
LSD showed that the IMAX of inner gland was
significantly higher for Gleason score = 7 PCa
compared with Gleason score < 7 PCa group. (P
= 0.015). And compared with Gleason score >
7 PCa, the IMAX of > 7 group was significantly
higher.

IMAX of outer gland was correlated significantly
with clinical stages (P = 0.016). Pairwise com-
parison analyzed with the LSD showed that the
IMAX of outer gland was significantly lower for
T2b-2¢c PCa compared with clinical stages >T3a
PCa group.

However, no significant correlation was found
between PSA and CEUS enhancement param-
eters. Furthermore, With the exception of IMAX
of inner gland and IMAX of outer gland, there
were no significant difference of enhancement
parametersbetween Gleason score groups and
clinical stages groups (Table 2).

Discussion

The increasing incidence of low-risk PCa is due
to widespread PSA screening [11]. Active sur-
veillance was recently developed as an alterna-
tive treatment with fewer morbidities and com-
plications than radical prostatectomy for some
low-risk PCa [12-14]. PCa risk classification has
implications for treatment. MRl has been
reported to have value in predicting PCa risk
[15, 16]. The clinical stage of PCa mainly dep-
ends on MRI or other image features. In recent
years, CEUS rapidly developed as a technology
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which is effective for improving the diagnostic
accuracy of PCa [17-20]. SonoVue is blood pool
agent that consists of a sulphur hexafluoride in
an encapsulated shell [21], and it enhances the
contrast of tissues and blood until it disinte-
grates. Several researches have showed this
technology has a potential value in diagnosis of
liver, prostate and other organs tumor [19, 20,
22]. But there are few studies on the relation-
ship between parameters of CEUS and PCa
risk.

Zullig et al. [23] reported that the median age of
PCa in the United States was more than 65
years. In our study, Age of low-risk PCa was
lower than intermediate-risk and high-risk PCa.
It confirmed that age was associated with PCa
aggressiveness. RT represented the time con-
trast agents arrived at the lesion, related to the
blood supply of lesion. TTP represented the
time of achieved maximum enhanced intensity
was related to the speed of wash in. mTT
showed the time that falled by half from maxi-
mum enhanced intensity was related to the
speed of wash out. According to E. M. Jung’s
study [24], by evaluating the mTT and RT, tumor
detection was possible in 85.3% and 73.5%
cases, quantitative parameters could be help-
ful for characterization of PCa. It is generally
known, the main blood supplied artery for outer
and inner prostate gland is prostate capsule
artery and urethral artery, and they branched
from the internal iliac artery [25]. In this study,
the parameters of outer and inner prostate
gland were evaluated separately. The RT and
mTT of outer gland in low-risk PCa was greater
than in intermediate-risk and high-risk PCa,
which reflected in intermediate-risk and high-
risk PCa the blood supply of outer gland was
richer than that in low-risk PCa. But PCa risk did
not correlate significantly with IMAX, TTP of
outer gland and the quantitative parameters of
inner gland.

The Gleason scoring system as a reference
grading system for PCa related to the prognosis
of PCa [26, 27]. Halpern et al. [28] showed that
CEUS could find higher Gleason score PCa.
Bono et al. [29] found a significant difference in
microvessel density (MVD) of PCa among differ-
ent Gleason score groups, and the higher
Gleason score PCa had higher MVD. CEUS can
reflect the MVD of tissue dynamically, however,
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in our study, with the exception of IMAX of inner
gland, there were no significant difference of
enhancement parameters in Gleason score
groups.

PSA is an important, non-invasive screening
method for PCa, and has leaded to increased
rates of PCa diagnoses. The precise clinical
stage is important for the choice of therapeutic
options [7]. In our study, PSA level did not cor-
relate significantly with the quantitative param-
eters of inner and outer gland. And with the
exception of IMAX of outer gland, there were no
significant difference of enhancement parame-
ters in clinical stages groups. Research had
showed PSA level may be associated with PCa
clinical stage, which has not come up with a
unanimous conclusion until now. Gallee et al.
[30] confirmed PCa cells cannot compound
PSA, and the normal glandular epithelium were
destroyed more seriously to bring lower PSA
lever in higher clinical stage PCa. We thought
that the unharmonious aspect between clinical
stage and PSA affected the relationship of PCa
risk and CEUS parameters. Beyond that, we
selected the maximum transverse section of
prostate tissue rather than suspicious area for
CEUS examination also affected the results.

There were some limitations in our study. (1) It
was retrospective design and (2) the clinical
stages were only according to MRI results.
Because not all cases underwent radical pros-
tatectomy, the clinical stages couldn’'t be com-
pared with pathological stages. (3) Only the
maximum transverse section of prostate tissue
was selected for CEUS examination, which was
not available to represent the whole gland. We
will have a further research because of the
inadequacy of the present study.

In conclusion, the enhancement parameters of
PCa at CEUS may be used to predict PCa risk.
And it is helpful for the choice of therapeutic
options.
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