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Objective: Investigate the CEUS enhancement patterns of PDAC and analyse correlations 
between the CEUS enhancement pattern and both the degree of tumour tissue differentiation 
and overall survival (OS).
Methods: The study included 56 patients with locally advanced PDAC, performed conven-
tional ultrasound and CEUS, and analysed characteristics of the CEUS enhancement pat-
terns. In addition, clinical data, such as serum level of CA19-9, TNM stage were collected, 
and patients’ survival times were followed up. TICs of dynamic CEUS images were acquired 
using image processing software to obtain the peak, TP, sharpness, and AUC. Correlations of 
the CEUS enhancement patterns of PDAC with the degree of differentiation of tumour tissue 
and OS were quantitatively analysed, as were the correlations of the TIC parameters and 
CEUS enhancement patterns with OS.
Results: Enhancement in the arterial phase included iso-enhancement (30.3%) and hypo- 
enhancement (69.6%), and was not significantly correlated with sex, age at disease onset, or 
lesion size. Also was not significantly correlated with tumour tissue differentiation. Clear 
survival times were obtained for 50 patients during follow-up, and the median survival time 
was significantly longer for the patients with iso-enhancement than hypo-enhancement. 
Among the TIC parameters, peaktumour, sharpnesstumour, AEsharpness, and REsharpness 
differed significantly between the group with iso-enhancement and hypo-enhancement (p < 
0.05).
Conclusion: The CEUS enhancement patterns of PDAC in the arterial phase include iso- 
enhancement and hypo-enhancement. Enhancement pattern was not significantly correlated 
with the degree of differentiation of tumour tissue, but patient survival time differed 
significantly between the two enhancement patterns, with longer survival for patients with 
iso-enhancement.
Keywords: contrast-enhanced ultrasound, pancreatic ductal adenocarcinoma, survival time, 
enhancement pattern, time-intensity curve

Introduction
Pancreatic ductal adenocarcinoma (PDAC) is a malignant tumour with a high 
mortality rate, and cancer treatment and survivorship statistics (2016) show that 
the 5-year survival rate for pancreatic malignant tumours is only 7%.1 Due to the 
early appearance of peripheral tissue infiltration and envelopment of vessels, 
surgical treatment is only feasible for 20% of patients.2 Imaging has become an 
indispensable tool for the clinical diagnosis and efficacy evaluation of PDAC. 
Among imaging techniques, contrast-enhanced ultrasound (CEUS) not only has 
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high sensitivity (90%) and specificity (88%) in the diag-
nosis of PDAC3 but also can be used to assess the dis-
tribution of blood vessels in the tumour, facilitate 
pancreatic biopsy, and evaluate the efficacy of 
chemotherapy.4 Quantitative analysis of CEUS can 
increase the objectivity of diagnosis.

In this study, the characteristics of the enhancement 
patterns of PDAC determined using conventional ultrasound 
and CEUS were observed to quantitatively analyse correla-
tions of the enhancement patterns of PDAC with the degree 
of differentiation of tumour tissue and overall survival (OS).

Materials and Methods
Patient Selection
Due to the retrospective nature of the study, ethics approval 
was waived by our ethics board. From January 2014 to 
December 2017, 56 patients received ultrasound-guided 
biopsy of pancreatic space-occupying lesions in the 
Department of Medical Ultrasound at Peking Union Medical 
College Hospital. The inclusion criteria were as follows: 1) the 
patient’s agreement to undergo CEUS examination, signing of 
informed consent, and completion of CEUS before treat-
ment; 2) pathological confirmation of PDAC by ultrasound- 
guided percutaneous pancreatic biopsy; and 3) a diagnosis of 
locally advanced PDAC after comprehensive evaluation of 
images and the administration of gemcitabine combined with 
fluorouracil as the chemotherapy regimen. The exclusion cri-
teria were as follows: 1) having an unclear pathological diag-
nosis; 2) receiving neoadjuvant chemotherapy or radiotherapy 
prior to CEUS; 3) being critically ill and quitting treatment; 4) 
being pregnant or nursing; and 5) refusing to cooperate with 
telephone follow-up (Figure 1). In addition, clinical data, such 
as serum level of carbohydrate antigen 19-9 (CA19-9), were 
collected, and the patients’ survival times were followed up.

Ultrasound Technique
A Philips iU22 (Philips Healthcare, Eindhoven, 
Netherlands) colour Doppler ultrasound system was used 
in this study. The location, size, morphology, and echo of 
the lesions were observed and recorded. The blood vessels 
of the lesions were displayed by colour Doppler ultra-
sound, the velocity range was set at +10~–10 cm/s, the 
wall filter was set at 40–50 Hz, blood flow distribution and 
spectral characteristics were observed and recorded sepa-
rately, and the static images were stored in JPG format.

CEUS used pulse-inversion harmonic (PIH) imaging 
technology, and the mechanical index (MI) was set at 0.08. 

The optimal section of the lesion was selected, and the 
normal pancreatic tissues were included. The focal position 
(single point) was set at the deepest part of the section. The 
ultrasound contrast agent was SonoVue (Bracco, Italy). After 
the establishment of peripheral venous access, a rapid bolus 
injection of 2.4 mL of contrast agent was performed, fol-
lowed by rinsing with 5 mL of saline, and the patient was 
maintained as still as possible to continuously observe the 
dynamic perfusion process of the lesion in real-time, with an 
observation time of no less than 2 min and 30 s. The 
enhanced dynamic images were saved in AVI format.

Assessment of Ultrasound Enhancement 
Patterns
The two sonographers (with 10 years and 5 years of CEUS 
experience in pancreatic imaging, respectively) independently 
evaluated the CEUS enhancement patterns of all enrolled 
patients without any knowledge of the pathology and prog-
nosis of the enrolled subjects. Controversial cases were dis-
cussed, and consensus was reached as the final result. The 
enhanced images were categorized into the arterial phase 
(from the injection of contrast agent to 30 s after injection) 
and the venous phase (30–120 s after the injection of contrast 
agent), and enhancement of lesion intensity was classified as 
hypo-, iso-, hyper- or non-enhancement compared with nor-
mal pancreatic parenchyma from the same period.4

Quantitative Analysis of CEUS by 
Software
The dynamic CEUS images of each lesion were analysed 
using QontraXt Version 3.06 (ESAOTE Ltd.), a multi- 
parameter quantitative analytical tool for CEUS. CEUS ima-
ging was performed 2 min after the injection of contrast 
agent. The images contained the complete arterial and 
venous phases of tumour perfusion. First, the region of 
interest (ROI) was selected for tumour tissues and normal 
tissues. ROIs in tumour tissues with a rapid increase in the 
arterial phase and a rapid decrease in the venous phase were 
selected, and vessels, necrotic regions, and dilatation cathe-
ters were avoided. QontraXt software was used to examine 
each frame, delete frames with lesion detachment from the 
ROI due to patient respiratory movement, and obtain the 
preliminary time-intensity curves (TICs) of normal pancrea-
tic tissues and tumour tissues. Gamma curve fitting of the 
bolus injection was performed on the preliminary TICs to 
obtain the final TICs of normal pancreatic tissues and tumour 
tissue, and various TIC parameters of the tumour tissues and 
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normal tissues during perfusion were obtained, including the 
peak intensity during tumour perfusion (peaktumour) and nor-
mal tissue perfusion (peaknormal); the curve sharpness during 
tumour perfusion (sharpnesstumour) and normal tissue perfu-
sion (sharpnessnormal); the time to peak during tumour perfu-
sion (TPtumour) and normal tissue perfusion (TPnormal); and 
the area under the curve during tumour perfusion 
(AUCtumour) and normal tissue perfusion (AUCnormal).

The two sets of parameters were compared to obtain 
other relevant parameters as follows:5

Absolute enhanced peak intensity (AEpeak) = 
peaknormal - peaktumour;

Relative enhanced peak intensity (REpeak) = 
(peaknormal - peaktumour)/peaknormal;

Absolute time to peak (AETP) = TPnormal - TPtumour;
Relative time to peak (RETP) = (TPnormal -TPtumour)/ 

TPnormal;
Absolute curve sharpness (AEsharpness) = 

sharpnessnormal - sharpnesstumour;

Relative curve sharpness (REsharpness) = 
(sharpnessnormal - sharpnesstumour)/sharpnessnormal;

Absolute area under the curve (AEAUC) = AUCnormal - 
AUCtumour;

Relative area under the curve (REAUC) = (AUCnormal - 
AUCtumour)/AUCnormal.

The above curves and related parameters were saved 
for analysis and comparison.

Statistical Analysis
The data in this study were analysed using the statistical 
software SPSS 21.0. Patient survival was determined from 
the date of first imaging evaluation to the most recent 
follow-up examination or patient death. For data conform-
ing to a normal distribution, comparisons between two 
independent groups were performed using the t-test; if 
the data did not conform to a normal distribution, the 
median values (quartiles) were used, and comparisons 
between two groups were performed using the Mann– 

Figure 1 Flow diagram of patient inclusion and exclusion.
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Whitney U-test. Intergroup comparisons were performed 
using chi-square analysis, correlations between two vari-
ables were analysed using Spearman rank correlation ana-
lysis, and log-rank analysis was used for intergroup 
comparisons of survival. P < 0.05 was regarded as indica-
tive of statistical significance.

Results
Population: Clinical Outcome (n = 56)
A total of 56 pancreatic cancer patients (35 males and 21 
females) were included in this study; these patients’ clin-
ical data are shown in Table 1.

Ultrasound Findings in the Overall 
Population (n = 56)
The mean maximum diameter of tumour tissues measured 
by greyscale ultrasound was 4.74 ± 1.23 cm, with 
a median of 4.50 cm; 33.9% (19/56) of the tumours were 
located in the head of the pancreas; 35.7% (20/56) were 
located in the pancreas, and 30.4% (17/56) were located in 
the pancreatic tail. All (56/56) lesions showed poorly 
defined focal hypoechoic regions, and 14.3% (8/56) of 
the lesions had necrotic regions.

Colour Doppler ultrasound showed that clear blood 
flow signals were not detected in 76.8% (43/56) of the 
lesions, and 23.2% (13/56) showed some blood flow 
signals.

CEUS dynamic image analysis showed that 100% (56/ 
56) of the PDAC lesions exhibited a rapid increase in the 
arterial phase and a rapid decline in the venous phase; 
however, the enhancement pattern in the arterial phase 
was divided into diffuse iso-enhancement and hypo- 
enhancement. The former, which accounted for 30.3% of 
all lesions (17/56), showed relatively uniform diffuse 
enhancement in the arterial phase and enhancement inten-
sity similar to that of normal pancreatic parenchyma; the 
latter, which accounted for 69.6% of all lesions (39/56), 
showed relatively uniform low enhancement or peripheral 
ring enhancement in the arterial phase and overall 
enhancement intensity significantly lower than that of the 
normal pancreas (Figure 2).

There were no significant differences between the two 
groups (two enhancement patterns) in patient sex, age at 
disease onset, maximum tumour diameter, CA19-9 level or 
colour Doppler blood flow signal characteristics (P > 0.05) 
(Table 1).

Comparative Analysis of CEUS 
Enhancement Pattern and Tumour Tissue 
Differentiation (n = 26)
In this study, the pathological results of 56 PDAC cases 
were obtained through ultrasound-guided percutaneous 
pancreatic biopsy. Among them, 46 patients underwent 
fine-needle aspiration (FNA) with a 20G needle, and 10 
patients underwent coarse needle biopsy (four cases also 
underwent FNA). It is worth noting that in this study, 
multi-point puncture was tried to avoid deviation caused 
by heterogeneity.

Biopsy indicated clear differentiation of the tumour 
tissue in 26 cases, of which 46.2% (12/26) were well 
differentiated and 53.8% (14/26) were moderately to 
poorly differentiated. Among the 26 cases, 10 cases had 
diffuse iso-enhancement (38.5%), and 16 cases had hypo- 
enhancement in the arterial phase (61.5%). There were no 
statistically significant differences (P> 0.05) with respect 
to sex, age at disease onset, lesion size, CA19-9 level, and 
blood flow signals and enhancement pattern between the 
well-differentiated and moderately to poorly differentiated 
groups (Table 1).

Comparative Analysis of CEUS 
Enhancement Pattern and Survival (n = 
50)
Some patients were excluded from the comparative analy-
sis of CEUS enhancement patterns because they were lost 
to follow-up survival time (n = 6). Fifty patients were 
eventually included, of whom 72% (36/50) showed hypo- 
enhancement, with the remaining 28% (14/50) showing 
iso-enhancement. There were no statistically significant 
differences in sex, age at disease onset, maximum tumour 
diameter, CA19-9 level and tumour blood flow signals 
between the groups with different enhancement patterns 
(P > 0.05) (Table 2).

The follow-up results (ending date of February 2019) 
showed that 39 patients died due to the tumour (78%) and 
11 patients survived (22%). The median survival time in 
the hypo-enhancement group was 321.0 ± 205.5 days, and 
the median survival time in the iso-enhancement group 
was 627.1 ± 311.6 days (Table 3). The difference in 
survival time between the two groups was statistically 
significant (P = 0.004 <0.05, as shown in Figure 3), and 
the survival time in the iso-enhancement group was sig-
nificantly longer than that in the hypo-enhancement group.
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Analysis of TIC Parameters of CEUS
Comparison Analysis of TIC Parameters and CEUS 
Enhancement Patterns of PDAC
The TIC parameters of different CEUS enhancement pat-
terns of PDAC were compared, and the results are shown 
in Table 4. The results showed that peaktumour, 
sharpnesstumour, AEpeak, AEsharpness, and REsharpness 

differed significantly between the hypo- and iso- 
enhancement groups (P <0.05), while the remaining para-
meters did not (P > 0.05). In addition, the levels of 
peaktumour, sharpnesstumour, AEsharpness, and 

REsharpness of the iso-enhancement group were signifi-

cantly higher than those in the hypo-enhancement group.

Figure 2 CEUS enhancement patterns in the arterial phase in PDAC. (A and B): A 53-year-old male patient with PDAC located in the head of the pancreas. Rapid iso-enhancement 
was observed in the arterial phase of CEUS (18 s) (as shown by the white arrows). (C and D): A 42 year-old male patient with PDAC located in the  body of the pancreas. Hypo- 
enhancement was observed in the arterial phase of CEUS (15 s), and no areas of enhancement were visible within the tumour (as shown by the white arrows).

Table 2 Comparison of Sex, Age at Disease Onset, Size of Lesions, and CA19-9 Level for PDAC Patients with Different Enhancement 
Patterns

Hypo-Enhancement* Iso-Enhancement* X2/T P value

Sex 0.81 0.368

Female 13 (36.1%) 7 (50%)

Male 23 (63.9%) 7 (50%)

Age at disease onset (years) 56.39 ± 11.47 56.43 ± 12.26 −0.011 0.991

Maximum tumour diameter (cm) 4.63 ± 0.97 4.71 ± 1.25 −0.222 0.825

CA19-9 (U/mL) 427.45 (61.25, 1883.25) 203.15 (35.33, 678.30) 0.982 0.331

Notes: *For enhancement patterns, necrotic areas of lesions were excluded, chi-square tests were used for between-group comparisons of percentages, and t-tests were 
used for between-group comparisons of normally distributed data.
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Discussion
CEUS has certain advantages for the qualitative diagnosis 
of pancreatic space-occupying lesions3,6–8 and exhibits 
high sensitivity and specificity in distinguishing between 
pancreatic cancer and pancreatic neuroendocrine 
tumours.9,10 When CT cannot allow for clear diagnosis 
of a lesion, CEUS can provide additional imaging infor-
mation to facilitate diagnosis. CEUS can help determine 
the targeted area of biopsy to improve biopsy accuracy.4,11 

The enhancement pattern and intensity of lesions can be 
evaluated by CEUS quantitative analysis software.12–14 

Therefore, CEUS is a reliable method to evaluate pancrea-
tic lesions.

Previous studies have reported that compared with 
normal pancreatic parenchyma, the CEUS enhancement 
in most pancreatic cancer lesions is hypo-enhancement.4 

Using this particular CEUS enhancement pattern, the diag-
nostic accuracy can reach as high as 87.8%,15 and this 
specific CEUS enhancement of PDAC is usually used for 
differential diagnosis in clinical practice. In recent years, 
some studies have found that different enhancement 

patterns of PDAC are associated with patient 
prognosis.5,16,17 Lee et al17 conducted a study on MRI 
for pancreatic cancer and found that patients with uniform 
diffuse enhancement in their lesions had longer survival 
times than patients with only peripheral enhancement and 
no central enhancement in their lesions. Currently, such 
studies are limited to CT and MRI. Similar studies on 
CEUS are rare, and only one CEUS study, by Akasu et al18 

in 2012, has been reported. The results showed that the 
survival time of the hypo-enhancement group was signifi-
cantly shorter than that of the hyper-enhancement group, 
but only 16 cases were included in the study.18

This study showed that the CEUS enhancement of 
PDAC lesions in the arterial phase exhibited two patterns, 
iso-enhancement and hypo-enhancement. The differences 
in sex, age at disease onset, lesion size, and lesion blood 
flow between the different enhancement patterns were not 
significant, but the enhancement pattern was significantly 
correlated with patient survival time. The survival time 
was significantly longer in the iso-enhancement group 
than in the hypo-enhancement group. In this study, image 
processing software was used to analyse the entire process 
of CEUS enhancement to confirm the objective differences 
between the two enhancement patterns. The differences in 
TIC parameters (peaktumour, sharpnesstumour, AEpeak, 
AEsharpness, and REsharpness) between the different 
enhancement patterns were significant. This difference 
can be simply described as “high and sharp” for the TIC 
curves of the iso-enhancement group compared with the 
hypo-enhancement group.

Pancreatic cancer is often accompanied by an inflam-
matory reaction in peripheral tissues, and previous studies 
have shown that inflammatory reaction and PDAC can be 
differentiated by different CEUS enhancement features, ie, 
the iso-enhancement pattern occurs over the whole process 
of CEUS for inflammatory lesions, while the enhancement 
in pancreatic cancer declines rapidly in the venous phase. 
In this study, the selected ROIs in the tumour tissues were 
the regions with a rapid increase in the arterial phase and 
a rapid decline in the venous phase, and regions with 
similar rates of increase and decrease as normal tissues 

Table 3 Survival of PDAC Patients with Different Enhancement Patterns Based on Follow-Up Results

Enhancement Pattern Number of Survivors Number of Deaths Median Survival Time (Days) Chi-Square P value

Hypo-enhancement 7 29 321.0 ± 205.5 8.142 0.004
Iso-enhancement 4 10 627.1 ± 311.6

Note: Cox regression was used.

Figure 3 Survival analysis of the hypo- and iso-enhancement groups.
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were carefully avoided to prevent the inclusion of ROIs 
with inflammatory reaction regions and ensure the relia-
bility of the results.The enhanced tumour blood vessels 
inside the PDAC lesions revealed by CEUS are an impor-
tant component of the tumour microenvironment,19 and 
different enhancement patterns of pancreatic cancer may 
be directly associated with pancreatic cancer angiogenesis 
and fibrosis.20

Many studies have confirmed that CEUS has signifi-
cant advantages in evaluating and quantifying the angio-
genesis and distribution characteristics of PDAC.21,22 In 
the study by Akasu et al,18 the CEUS enhancement 
intensity was positively correlated with microvessel den-
sity (MVD), and CEUS could be used to evaluate the 
MVD of pancreatic cancer. D’Onofrio et al23 suggested 
that CEUS can accurately describe the angiogenesis of 
pancreatic cancer, and CEUS enhancement was also 
positively correlated with histological grade and MVD. 
In addition, Erkan et al24 found that the presence of 
a large amount of matrix surrounding the pancreatic 
cancer cells results in low MVD in tumour tissue, and 
the wrapping of the matrix on the tumour cells generates 
a hypoxic microenvironment in pancreatic cancer cells, 
thereby promoting proliferation, inhibiting apoptosis, 
and enhancing the invasive capability of cancer 
cells.24–26 Kuwahara et al27 found that the survival 
time of tumour patients with high expression of fibro-
blast growth factor-2 (FGF-2) was significantly shorter 

than that of patients with low expression or no expres-
sion. Zhu et al5 showed that pancreatic cancer patients 
with poor enhancement often had a high degree of fibro-
sis and a poor prognosis.

The above evidence suggests that the enhancement 
information of PDAC lesions provided by CEUS can be 
used as a reliable basis for evaluating tumour angiogen-
esis and the degree of fibrosis. In this study, the iso- 
enhancement pattern indicated that tumour angiogenesis 
was abundant and uniformly distributed in the lesion, 
with a relatively low degree of fibrosis. The hypo- 
enhancement pattern was associated with sparse and 
unevenly distributed tumour angiogenesis and 
a relatively high degree of fibrosis. The application of 
different enhancement patterns in the prognostic evalua-
tion of PDAC can provide a basis for risk stratification 
before clinical treatment. Further studies are needed to 
determine whether the sensitivity of PDAC lesions with 
different enhancement patterns to chemotherapy differs 
or whether different treatment regimens can be selected.

This study also has some limitations. Most patients 
failed to complete all treatment and follow-up in our 
hospital, and the survival information was difficult to 
collect. Therefore, the number of PDAC patients included 
in this study was small, and further in-depth studies are 
needed. Although most of the patients in this study 
received standardized chemotherapy with gemcitabine 
combined with fluorouracil, with the progression of the 

Table 4 Comparison of TIC Parameters Between Different CEUS Enhancement Patterns of PDAC

Hypo-Enhancement Iso-Enhancement P value

Peaknormal 59.77 ± 12.3 55.03 ± 11.88 0.849
TPnormal (ms) 32,198.5 (22,288, 35,984.5) 27,215 (24,039, 34,010) 0.320

Sharpnessnormal (l/s) 0.07 (0.04, 0.11) 0.06 (0.04, 0.08) 0.604

AUCnormal (l/s) 4.15 (2.55, 5.95) 2.95 (2.1, 4.1) 0.170
Peaktumour 38.9 (35.8, 44.1) 49.4 (46, 59.4) <0.001

TPtumour (ms) 26,706.33 ± 12,701.85 28,119.14 ± 7769.61 0.235

Sharpnesstumour (l/s) 0.12 (0.09, 0.22) 0.08 (0.06, 0.12) 0.006
AUCtumour (l/s) 4.9 (2.95, 8) 4.1 (3.1, 5.6) 0.239

AEpeak 20.45 ± 11.11 2.51 ± 6.06 0.013
REpeak 0.33 ± 0.16 0.03 ± 0.10 0.288

AETP (ms) 3685 (−3902, 9994) 613 (−5147, 4503) 0.202

RETP 0.13 (−0.19, 0.37) 0.02 (−0.22, 0.13) 0.195
AEsharpness (l/s) −0.07 (−0.14, −0.04) −0.02 (−0.04, 0) 0.001

REsharpness −1.06 (−2.37, −0.51) −0.29 (−0.91, 0.05) 0.009

AEAUC (l/s) −1.12 ± 3.34 −0.53 ± 2.19 0.273
REAUC −0.2 (−1.33, 0.09) −0.42 (−0.85, 0.04) 0.897

Notes: For between-group comparisons, t-tests and the Mann–Whitney U-test were used for normally and non-normally distributed data, respectively.
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disease, it was difficult to accurately record and classify 
patients after the combined use of other treatments, which 
may have had some impact on the patient survival analy-
sis. This study did not include an evaluation of the sensi-
tivity and efficacy of chemotherapy by CEUS, and 
relevant studies should be conducted in the future.

Conclusion
CEUS enhancement in PDAC could be classified into iso- 
enhancement and hypo-enhancement patterns in the arter-
ial phase, and patients in the iso-enhancement group had 
a longer survival time. CEUS is recommended for obser-
ving the enhancement pattern of PDAC and may allow for 
risk stratification before treatment and evaluations of effi-
cacy based on TIC parameters.
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CEUS, contrast-enhanced ultrasound; PDAC, pancreatic 
ductal adenocarcinoma; OS, overall survival; CA19-9, car-
bohydrate antigen 19-9; TIC, time-intensity curve; peak, 
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peak; AUC, area under the curve; ROI, region of interest.
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